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ABSTRACT

This research provides a study of traditional muqarnas – three-dimensional patterns
that usually occupy domes, half-domes and vaults – and re-envisions these Islamic
architectural forms in a contemporary setting in Damascus. The thesis endeavours
to revive an old craft using new technologies and techniques.
The thesis first examines the origins of muqarnas, their geometrical and
architectural definitions, their various styles, the reasons why they were created,
how they were inclusive of different religions, sects, and ethnicities, and how they
became functional in the way that they responded to the local environment, the
culture, and the social setting. It then documents the development and decline
of muqarnas in Damascus during different epochs. An enquiry into the total
disregard of the Islamic heritage in architecture and urban spaces in Damascus in
the early twentieth century reveals how muqarnas, together with other traditional
features of the Old City, were abandoned. Building the nation-state in the 1960s
and 1970s meant extending Damascus to new neighbourhoods outside the gates
of the Old City. People living there preferred to settle in modern, affordable,
state-house apartments and concrete buildings that appeared to be economically
easier to sustain than the old Damascene houses. The Old City was left to decay,
and it was not until the 1990s that its previously abandoned vernacular dwellings
again became popular when they were remodelled to function as restaurants and
boutique hotels. The renovation of Old Damascene houses highlighted the aesthetic
features of those historical spaces.
My project attempts to revive muqarnas and re-interpret them within existing vaults
and domes in hammams (public bathhouses). Focusing on digital computational
tools and techniques, I discuss the possibilities provided by advanced technologies to
imagine them within a contemporary discourse. Inspired by the skills of Damascene
craftsmen and ancient manuscripts devoted to the craft, I have attempted to design
and fabricate contemporary muqarnas that differ from traditional forms in that they
form self-standing double-curvature vaults with larger spans that respond to the
environment and allow light to enter. These contemporary muqarnas might serve
architecture in the Old City both aesthetically and functionally.
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IMPACT STATEMENT

The architecture of the Islamic world encompasses not only a wide range of
building types, including both religious and secular buildings, but also a wide range
of regional styles. Consequently there exists a huge amount of diversity within
the genre. Despite these differences, these buildings are unified by the use of a
common architectural language, which includes architectural elements, such as
minarets, domes and arches; ornamental details, such as geometric mosaics,
patterned brickwork, and calligraphic adornments; and finally hybrid elements, such
as muqarnas vaulting, which are able to fulfil both structural and/or ornamental
roles.
Conversely, one of the defining attributes of early modernist architecture was that
it eschewed the use of architectural ornament. This had a profound effect on many
of the cities of the Islamic world, including Damascus, which experienced very
significant growth during the second half of the twentieth century. This expansion
was largely informed by the use of European modernist ideals, which had been
introduced to the city during the period of the French Mandate for Syria and
Lebanon (1923−1946). The result was a city that had two very different parts, the
old town, which despite it rich cultural heritage had suffered years of neglect, and
the new suburbs, which suffered from a lack of identity.
As a decade dominated by war draws to a close, the custodians of Damascus are
faced with important questions as to how they will go about rebuilding the city. This
thesis examines the idea that in order to better plan for the future, it is necessary
to learn from the past. By examining the development of muqarnas, within their
historical, architectural and cultural context, the aim of this thesis is to demonstrate
that we have much to learn from the geometries and techniques that made this
art-form possible. In many ways, modernist architecture can be seen to have been
the antithesis to the ornate styles that preceded it. This thesis proposes that by
synthesising the contemporary with the traditional, we create a style that combines
the strengths of both.
One of the key concepts of the architecture of the Islamic world is the concept of
unity. As such, every part informs the whole and the whole informs every part.
As such, by studying muqarnas, we are required to learn not just about their
immediate architectural context, but also about their wider cultural and historical
context. As such, there are lessons to be learned on a variety of scales and across
a variety of disciplines. Each chapter is divided into four principal sections, and
while these sections are intended to work together, they can also be understood on
their own. As such, the first section, which deals with history and culture will be of
principal benefit to disciplines relating to the urban scale, while the third section,
which deals with geometry, will be of more benefit to disciplines working on an
architectural scale.
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Al Mamlouka, Damascus’ first ‘boutique hotel’.
Source: https://www.theguardian.com/travel/2008/dec/20/damascus-syria-shopping
Damascus. Jobar neighbourhood in Eastern Ghouta (suburb of Damascus).
Source: https://towardsdatascience.com/damage-caused-by-the-syrian-civil-war-what-thedata-say-ebad5796fca8
Damascus. Street damaged during the Syrian Conflict.
Source: https://www.history.com/topics/middle-east/the-history-of-syria
Aerial view of Damascus during the Syrian Conflict (suburb of Damascus).
Source: https://heavennet.net/scripture/will-damascus-be-destroyed/
Baghdad. The Federation of Industries Building, Baghdad by Rifat Chadirji.
Source: http://janellezara.com/recent-work/tag/Modernism
Garf Hoseyn, Egypt. Sadat Rest-house bu Hassan Fathy.
Source: https://archnet.org/sites/2563
Mecca, Saudi Arabia. Abraj Al-Bait Towers.
Source: https://www.prestigia.com/en/makkah-clock-royal-tower-a-fairmont-hotel.html
The 5 Farming Bridges by Vincent Callebaut Architectures.
Source: http://vincent.callebaut.org/object/171023_mosul/mosul/projects/user
The 5 Farming Bridges by Vincent Callebaut Architectures.
Source: http://vincent.callebaut.org/object/171023_mosul/mosul/projects/user
Riyadh, Saudi Arabia. Muqarnas Towers by SOM.
Source: https://www.skyscrapercity.com/showthread.php?t=1364071&page=3
Doha, Qatar. Museum of Islamic Art by IM Pei.
Source: https://www.kaihenrikbarth.com/Qatar/Museum-of-Islamic-Art/13
Contemporary Muqarnas by Tiffany Cheng.
Source: http://micromacro.nu/hexgo.htm
Contemporary Muqarnas by Tiffany Cheng.
Source: http://micromacro.nu/hexgo.htm
Plan of the room with shelves and lighting elements inspired by the muqarnas form.
Source: http://rafia-bah.blogspot.com/2013/08/muqarnas-shelves.html
The room with both muqarnas elements.
Source: http://rafia-bah.blogspot.com/2013/08/muqarnas-shelves.html
Rendering of the muqarnas form lighting.
Source: http://rafia-bah.blogspot.com/2013/06/muqarnas.html
The muqarnas vault with the movement of units.
Source: http://www.parametrica.ro/projects/2013-2/dynamic-muqarnasnew
Screen-shots from ‘Interactive Modelling of Muqarnas’ by Nader Hamekasi.
Source: https://www.youtube.com/watch?v=OlGoTU_D5QA
A new muqarnas form with non-horizontal layer lines.
Source: https://www.semanticscholar.org/paper/The-evolution-of-architectural-forms-through-Yaghan/b27d978026f98215161172018d395fe31f95bf5d/figure/7
Line- and Point-oriented self-supporting muqarnas by Yaghan.
Source: https://www.semanticscholar.org/paper/The-evolution-of-architectural-forms-through-Yaghan/b27d978026f98215161172018d395fe31f95bf5d/figure/8
The scholars of the Muqarnas Project at Heidelberg University in Germany proposed a
possible three-dimensional form to reconstruct the south octagon vault at Takht-I-Suleyman.
Source: http://muslimheritage.com/article/new-discoveries-in-islamic-complex
Line and point-oriented self-supporting muqarnas, from Mohammad Ali Yaghan.
Source: https://www.semanticscholar.org/paper/The-evolution-of-architectural-forms-through-Yaghan/b27d978026f98215161172018d395fe31f95bf5d/figure/6
Plan analysis of muqarnas by Sylvia Harmsen.
Source: Harmsen, S. Algorithmic Computer Reconstructions of Stalactite Vaults - Muqarnas in Islamic Architecture. Heidelberg: Heidelberg University, 2006.
Showing a projection of a quarter muqarnas vault. (Image courtesy of Necipoğlu and al-Asad.
Source: http://bluecarpetcollective.blogspot.com/2010/11/muqarnas.html
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Fig 2.43
Fig 2.44
Fig 2.45
Fig 2.46
Fig 2.47
Fig 2.48
Fig 2.49
Fig 2.50
Fig 2.51
Fig 2.52
Fig 2.53
Fig 2.54
Fig 2.55
Fig 2.56
Fig 2.57

Documentation of three different muqarnas iwans of Masjid-i-Jame in Isfahan, by Shiro Takahashi.
Source: http://www.tamabi.ac.jp/idd/shiro/muqarnas/
Muqarnas drawing from the Topkapi Scroll. Fa-shaped radial muqarnas quarter vault and
shell-shaped radial muqarnas quarter vault.
Source: http://kilyos.ee.bilkent.edu.tr/~history/geometry.html
Ivan Sutherland operating ‘Sketchpad’ in 1962.
Source: https://classes.dma.ucla.edu/Winter13/161/projects/students/emma/project-4/
html/page-3.html
The AutoCad interface.
Source: https://www.youtube.com/watch?v=zh0Cb6YRpds
The Rhinoceros 3D interface.
Source: https://www.grasshopper3d.com/profiles/blogs/help-making-mosque-dome-geometry
An upside down force model of the Colònia Güell, Sagrada Família Museum.
Source: https://en.wikipedia.org/wiki/Antoni_Gaud%C3%AD#/media/File:Maqueta_funicular.jpg
A parametric model of part of the Mercedes-Benz Museum by UN Studio.
Source: https://www.archdaily.com/805982/mercedes-benz-museum-unstudio
Rhino & Grasshopper interfaces.
Source: Author’s image
Rhino & Grasshopper interfaces.
Source: Author’s image
Computer Numerical Controlled Machining (CNC).
Source: https://www.cncinformation.com/3-things-to-consider-before-purchasing-a-cnc-machine/
Zhuoda, 3D Printed House, 2015.
Source: https://inhabitat.com/chinese-company-builds-3d-printed-villa-in-less-than-3hours/?variation=c
A multi-point forming machine.
Source: https://content.iospress.com/articles/journal-of-facade-design-and-engineering/fde0031
Paris, Chanel Mobile Art Pavilion, 2011.
Source: https://www.arup.com/projects/chanel-travelling-pavilion
Seoul, Dongdaeum Design Park, 2011.
Source: https://10mag.com/directory/entertainment/art-galleries/seoul/dongdaemun-design-plaza-jung-gu-seoul/
Los Angeles, Walt Disney Concert Hall, 2003.
Source: https://wallpaperaccess.com/concert-hall-4k-uhd
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Fig 3.1
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Fig 3.3
Fig 3.4
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Fig 3.11
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The interior courtyard of the Umayyad Mosque, Damascus, 2015.
Source: Author's Photo
A digital model showing the Umayyad Mosque with a plan of the surrounding buildings for
context.
Source: https://www.artstation.com/artwork/nzAOO or this website http://syrianheritagerevival.org/umayyad-mosque/
Looking up at the interior of the Dome of the Eagle of the Umayyad Mosque.
Source: Author's Photo
The interior of the Dome of the Eagle, showing the octagonal balcony.
Source: Author's Photo
One of the drum squinches in the interior of the Dome of the Eagle.
Source: Author's Photo
The Grasshopper definition, together with its clusters of structural, environmental and geometric definitions.
3D printing physical model of the three-zoned shell: top view.
Three main shells with two connecting shells.
Interior view of the wastani bathing zone ceiling (Teirouzi Hammam, Damascus, 2015).
Source: Author's Photo
The roof of Teirouzi Hammam (Teirouzi Hammam, Damascus, 2015)
Source: Author's Photo
Right: Looking up at the dome that dominates the ceiling of the reception area (barrani). The
position of the dome in the ceiling is exactly above the fountain below (Teirouzi Hammam,
Damascus, 2015)
Source: Author's Photo
Far right: The fountain is the focal point in the barrani (exterior) reception area (Teirouzi
Hammam, Damascus, 2015)
Source: Author's Photo
The aesthetic of the barrani zone that shows a fountain, seating areas, cabinets, packets of
towels and other customer necessities for bathing (Teirouzi Hammam, Damascus, 2015)
Source: Author's Photo

Fig 3.14
Fig 3.15
Fig 3.16
Fig 3.17
Fig 3.18

Fig 3.19

The raised seating area with a customer wrapped in towels after having been to the bathing
zones and back to the reception/barrani area. (Teirouzi Hammam, Damascus, 2015)
Source: Author's Photo
Looking up at the ceiling of the wastani zone (Teirouzi Hammam, Damascus, 2015)
Source: Author's Photo
Right: Looking up at the ceiling of the jouwani zone (Teirouzi Hammam, Damascus, 2015)
Source: Author's Photo
Far right: The aesthetic of the jouwani zone, showing white plaster muqarnas units and light
filtering though coloured glass bulbs (Teirouzi Hammam, Damascus, 2015)
Source: Author's Photo
The lobby of the jouwani (inner) zone of the bathing spaces, with ornamental tiles and
muqarnas elements on the ceiling. Light comes in through the glass bulbs on the roof. A few
private rooms surround this lobby (Teirouzi Hammam, Damascus, 2015)
Source: Author's Photo
The assembled positive.
Source: Author's photo
The assembled positive.
Source: Author's photo
The assembled positive.
Source: Author's photo
The assembled positive.
Source: Author's photo
The assembled positive after waxing.
Source: Author's photo
The assembled positive after waxing.
Source: Author's photo
Detail of he assembled positive after waxing.
Source: Author's photo
Step 1: Before starting on the model, we tested how easy it is to remove the mold vertically
from the top.
Source: Author's photo
Coating the foam with mold release.
Source: Author's photo
Step 3: Blocking the six voids with clay.
Source: Author's photo
Step 4: Creating the clay columns to allow for the pouring of the slip.
Source: Author's photo
Step 5: Casting the top part of the mold in two sections.
Source: Author's photo
Step 6: After the top plaster molds had set, we flipped the model over.
Source: Author's photo
Step 7: Casting the molds for the four largest voids.
Source: Author's photo
Step 8: The next step involved the casting of the second level of the largest void as well as
that of the void located diagonally from it.
Source: Author's photo
Step 9: The ninth step entailed the subdivision of the remaining sections, which were then
cast individually in clockwise order.
Source: Author's photo
Step 10: As with the other four voids, the two deepest voids had to be divided into two parts
with a thin acrylic in the centre for easy release.
Source: Author's photo
Step 11: Following the completion of the casting of the voids, the remaining space is subdivided and plaster molds are cast in a clockwise direction.
Source: Author's photo
Step 12: Casting the bottom section using fabric for reinforcement.
Source: Author's photo
Step 13: To make 4 plaster walls, we have surrounded the inner molds by 4 wooden boards.
Source: Author's photo
Step 14: The dismantled molds were dried in kilns at very low temperature and outside for
several days.
Source: Author's photo
Step 14: The de-constructed mold drying in the sun.
Source: Author's photo
Step 15: Re-assembly of the mold.
Source: Author's photo
Step 1: Pouring the slip into the mold.
Source: Author's photo
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Fig 3.43

Step 2: Emptying the excess slip.
Source: Author's photo
Step 3: The casting was then left to dry overnight.
Source: Author's photo
Step 4: Deconstruction of the mold.
Source: Author's photo
The casting prior to the removal of the final void-forming molds.
Source: Author's photo
Step 6: Showing the underside of the casting as it dries.
Source: Author's photo
Showing the top-side of the casting as it dries.
Source: Author's photo
The muqarnas unit in the kiln.
Source: Author's photo
The unit during the application of the first glaze.
Source: Author's photo
The muqarnas unit during the application of the second glaze.
Source: Author's photo
The muqarnas unit being gilded.
Source: Author's photo
The finished muqarnas unit.
Source: Author's photo
The finished muqarnas unit.
Source: Author's photo
The finished muqarnas unit.
Source: Author's photo
The finished muqarnas unit.
Source: Author's photo
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Damascus, Eastern Entrance of the Citadel, 1214. Plan perspective.
Damascus, Eastern Entrance of the Citadel, 1214. Muqarnas dome de-constructed into its four layers.
Damascus, Eastern Entrance of the Citadel, 1214. Plan projection of the muqarnas dome with
geometrical analysis of its units.
Damascus, Eastern Entrance of the Citadel, 1214. Detail of the muqarnas with geometrical
analysis of its units.
Damascus, Eastern Entrance of the Citadel, 1214. Elevation detail of the muqarnas with geometrical analysis of its units.
Damascus, Madrasa-al-Zâhirîyah, 1277. Digital drawing showing the disassembled layers that
form the muqarnas portal.
Damascus, Madrasa-al-Zâhirîyah, 1277. Two-dimensional projection of the muqarnas portal
with geometrical analysis of the units
Damascus, Madrasa-al-Zâhirîyah, 1277. Elevation view with a geometrical analysis of the bottom layer.
Damascus, Madrasa-al-Zâhirîyah, 1277. Detail view of the underside of the muqarnas portal
with a geometrical analysis of the units.
A three-dimensional perspective of the muqarnas mihrab in the Umayyad Mosque.
A Geometrical analysis of the units of the muqarnas mihrab in the Umayyad Mosque.
The muqarnas mihrab of the Umayyad Mosque de-constructed into its six layers.
A close look at the bottom layers of the muqarnas mihrab of the Umayyad Mosque with a geometrical analysis of the units
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A section of the Dome of the Eagle after applying the Zengid era muqarnas.
Applying the muqarnas of Madrasa al-Nuriyya al-Kubra inside the Dome of the Eagle.
Applying the muqarnas of Madrasa al-Nuriyya al-Kubra inside the Dome of the Eagle.
The section of the Dome of the Eagle after applying the Ayyubid era muqarnas.
Applying the muqarnas of the citadel's eastern entrance inside the Dome of the Eagle.
Applying the muqarnas of the citadel's eastern entrance inside the Dome of the Eagle.
The section of the Dome of the Eagle after applying the traditional muqarnas from above the
entrance of al-Madrasa al-Zahiriyah.
Applying the traditional muqarnas above the entrance of al-Madrasa al-Zahiriyah, a school and
mausoleum, to the interior of the Dome of the Eagle.al-Kubra.
Applying the traditional muqarnas above the entrance of al-Madrasa al-Zahiriyah, a school and
mausoleum, to the interior of the Dome of the Eagle.al-Kubra.
The section of the Dome of the Eagle with the traditional muqarnas units of the mihrab in the
Umayyad Mosque.
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The section of the Dome of the Eagle with the traditional muqarnas units of the mihrab in the
Umayyad Mosque.
Step 1: the surface before being affected by the free-form engine of Kangaroo and Grasshopper
Step 2: the surface after being affected by the free-form engine of Kangaroo and Grasshopper.
Step 3: the curvature of the free-form surface being analysed by Karamba in Grasshopper.
Step 4: the free-form surface being exposed to the sunlight data for one year.
Looking up at the free-form surface having been exposed to Ecotect evaluation and colour-coded accordingly.
A perspective view of the free-form surface having been exposed to Ecotect evaluation and
colour-coded accordingly.
Another perspective view of the free-form surface, having been exposed to Ecotect evaluation
and colour-coded accordingly.
Analysing the main grid of the traditional pattern.
Extracting the data and parameters to enter them into the algorithmic modeling software.
Comparison between the one possibility of the traditional pattern...
...and the many possible variations after entering the data and constructing this pattern using
the digital environment of algorithmic software.
Computational geometrical definition of the star components in Grasshopper.
Internal layer: variations in the density of packing components and the shape of components.
The Grasshopper definition with the environmental data analysis from Ecotect, showing variation in the shape and size of the star component.
The Grasshopper definition, showing how it links Ecotect with insolation calculations.
The Grasshopper definition with environmental data and structural analysis: Ecotect and
Karamba, showing star components’ size and thickness.
The Grasshopper definition in detail, where it links the geometry of the surface to the structural analysis of Karamba.
A triangular polygon network used to create spatial shells in three dimensions.
Packing cubic components within a volumetric mesh.
Alternate packing of cubic components within a volumetric mesh.
Dividing each shell into three zones: top view.
Dividing each shell into three zones: different perspective views.
A single shell analysis.
The plan of the composition of shells on the site.
A plan showing six selected shells from the whole composition on site.
The three components.
Different views of the cluster of four similar components in Shell 3.
The three components of the shell.
Different views of the cluster of four similar components of Shell 4.
The three components used in Shell 5.
A few components of Shell 6.
A grid showing the different details of the six shells.
The layers that make up the hammam and the spa building.
Putting all the layers together to compose the building.
The structural logic of the shells.
Perspective section through the swimming-pool shells, their ceilings and the reflections on the floors.
Interior view of the swimming pool area from the lobby space.
Interior view of the swimming pool area from the third space.
The basic hexagon grid.
Each hexagon of the grid with a cluster of three rhombus shapes.
The hexagonal grid and the cluster of shells as a plan.
The hexagonal grid and the cluster of shells as three-dimensional surfaces.
The new hexagon grid after adjusting because of functional reasons.
Looking down at a cluster of three hyperbolic paraboloid shells contained within one hexagon shape.
Looking up at a cluster of three hyperbolic paraboloid shells contained within one hexagon shape.
The hexagonal grid with one unit, populated with a cluster of three shells.
A diagram of the basic group of hexagons, with their cluster of shells.
Creating a hyperbolic paraboloid base-shell from the rhombus in the GH definition.
The orthogonal grid within the boundaries of one shell/rhombus shape.
The red quads are the excluded ones because they are all unclosed quads with their offsets.
The muqarnas component with its different parts, together with structural, joint, and environmental part.
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Showing the muqarnas component with its different parts, together with structural, environmental and ornamental finishing.
The muqarnas component with the metal clip within the muqarnas shell composition.
The metal clip on each of the four faces of a muqarnas component.
The thickness of the shell with the three different parts of each muqarnas component highlighted and distinguished.
The thickness of the structural part of the muqarnas depends on the load on each point (A, B, C, D)
The colour-coded quads following the Ladybird study.
Environmental study completed on the hottest day of the year, 21 June, 2016, in Damascus.
Environmental study completed on the coldest day of the year, 21 December, in Damascus.
Showing the six types of perforation of the environmental part of the muqarnas component.
Showing a plan of one shell with an orthogonal grid, colour-coded after the sun radiation
study, together with the five types of ornamental finish applied.
Showing the perforations of the shell after all the environmental and ornamentation studies
had been applied.
Projecting the four corners (A,B,C,D) of each component on to the base surface
The five types of aesthetic finish of the muqarnas components’ lower parts.
Looking up at Design 01 shell.
Top view of Design 01 shell.
Elevation view of Design 01 shell.
A perspective view of Design 01 shell.
The diagonal grid of Design 02. (No repetition of units, and with the edges clean.
The two shells, the base and the offset, with the points describing both surfaces.
The normals of the centre of each quad with varying length.
Showing four points of the quad (0, 1, 2, 3) and the centre of the quad (point M)
Showing one muqarnas component next to the rest, which are ghosted.
Showing one muqarnas component with two triangles.
looking up at Design 02 shell.
Top view of Design 02 shell.
Elevation view of Design 02 shell.
A perspective view of Design 02 shell.
The diagonal grid of Design 03 (No repetition of units, and with the edges clean.).
A diagram of the quad on the shell that was then projected on a plane.
External and internal edges of the quads.
Each muqarnas component is formed from four quarters of four neighbouring quads.
The internal corner edge of muqarnas components.
The structural thickness of a muqarnas component.
Two muqarnas components, with open and closed versions.
looking up at Design 03 shell.
Top view of Design 03 shell.
Elevation view of Design 03 shell.
A perspective view of Design 03 shell.
The orthogonal grid of Design 04 (Low repetition of units).
Showing the successful part of merging the muqarnas component in Design 03.
In design 4, every muqarnas component shared four corners and four edges with adjacent ones.
Showing the location of the points (0, 1, 2, 3) of the external edge of a muqarnas component
in Design 04.
The new design of the muqarnas component in Design 04.
The opening shape is a small star.
The opening shape is a polygon.
The opening shape is a square.
The opening shape is a slightly bigger star.
The opening shape is an octagon.
The muqarnas components adapt to their location on the shell structurally with eight different
scenarios.
looking up at Design 04 shell.
Top view of Design 04 shell.
Elevation view of Design 04 shell.
A perspective view of Design 04 shell.
Plan of the prototype of the cluster of three shells in Design 04.
Top view of the prototype of the cluster of three shells in Design 04.
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Façade view of the prototype of the cluster of three shells in Design 04.
Perspective view of the prototype of the cluster of three shells in Design 04.
Perspective-plan view of the prototype of the cluster of three shells in Design 04.
Top view of the proposed ‘contemporary hammam and spa’ in Damascus.
A detail top view of the building.
Looking up at the shells.
Top view of the swimming pool shells.
looking up at Design 05 shell.
looking up at Design 05 shell.
Facade view of Design 05 shell.
A perspective view of Design 05 shell.
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GLOSSARY
Ablaq: an Arabic word for a technique of alternating two colours of stone to
compose façade blocks, or banding of contrasting stones.
Almond: a unit of a muqarnas referring to a deltoid or kite shape; it is the projection
of a muqarnas unit on to a flat plane.
al-Sirwal: an Arabic word for a specific muqarnas arrangement that only occupies
four corners of a ceiling. This comprises around five to eight layers of units. It starts
with one unit from the bottom and increases to three and then five units until all
units merge with the ceiling cornice.
Analogue architectural approach: an innovative creative design process in
architecture developed initially in the 1890s by Antoni Gaudí and then made
popular by Frei Otto in the 1990s. It depended on experimenting with material
systems for calculating form in architecture. The material system restructured,
or found, a form through numerous interactions between its elements over a
particular time span. The material interactions frequently resulted in a geometry
that was based on complex material behaviours of elasticity and variability.
Apse: a semicircular cavity covered with a hemispherical vault or half-dome.
Arabesque: in traditional Islamic art, the arabesque is an ornamental design,
consisting of intertwined, flowing lines that employs flowers, foliage or fruit, and
sometimes geometric shapes; the materials used are usually pearl engraved on
wood.
Attachment ribs: structures that connect muqarnas units to the architectural
surface.
Attractors: points that act like virtual magnets, either attracting or repelling other
objects. In Grasshopper, any geometry referenced from Rhino or created within
Grasshopper can be used as an attractor. Attractors can influence any number of
parameters of surrounding objects, including scale, rotation, colour and position.
These parameters are changed, based on their relationship to the attractor
geometry.
Avant projet: a preliminary design or draft of a project. ‘Pre-project is the literal
translation.
Barrani: meaning “external’ in Arabic. In a hammam it refers to the first of three
bathing rooms, where the temperature is normal (neither hot, nor cold). It is an
entry or reception room, the first to be entered in the bathing process for people to
adjust their body temperature.
Bimaristan: a Persian word meaning “house of the sick’-- a hospital.
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Biped: In this thesis, large and small bipeds describe the basic geometrical forms of
muqarnas units according to Al-Kashi. A large biped is the complement of a jug to a
square, and a small biped is the complement of an almond to a rhombus. In other
words, a large biped and a jug are both two-dimensional geometrical shapes that
complete each other to form a square shape, and a small biped with an almond
are also two-dimensional geometrical shapes that complete each other to form a
rhombus.
Catenary: the word is derived from the Latin for ‘chain’. It is the shape of a perfectly
flexible chain suspended by its ends and acted on by gravity.
Catenary curve: a chain hanging from points forms a catenary. Freely hanging electric
power cables may form a catenary.
Cell: a muqarnas unit that consists of two facets plus a roof, according to Al Kashi.
Column capital: in architecture this is the crowning member of a column, providing
structural support for the horizontal member or arch above. There are many types of
capital, for example, medieval European capitals, which stemmed from Roman sources
such as cuneiforms, and figurative motifs, or Islamic capitals that are more abstract.
Composite wood: material made of wood fibre/wood flour.
Computer numerical control (CNC) fabrication: a process of subtraction. In
engineering CNC roughly means that computers are in charge of calculating and
sending precise commands to machinery to replicate three-dimensional designs in a
material.
Concentric planning: one building nestled inside another to create an inner and outer
ward involving two or more concentric curtain walls, so that the inner wall is higher
than the outer and may be defended by the latter.
Corbel: a piece of stone, brick or wood, jutting out from a wall to support a structure
above it.
Cubit: the length of a forearm. Usually, a cubit is about 54.0 cm.
Double curvature: objects with surfaces that curve in two directions,such as domes or
spheres.
Ecotect: a sustainable design analysis software. Ecotect Analysis offers a wide range of
simulation and building energy analysis functionality that can improve performance of
existing buildings and new building designs. Element: a cell or intermediate element.
Ellipsoid: a closed surface, whereby all plane cross-sections are either ellipses or
circles. An ellipsoid is symmetrical with three mutually perpendicular axes that
intersect at the centre.
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Engineered wood: this may include a range of derivative wood products that
are manufactured by binding or fixing boards of wood together with a fixative
to form composite materials. Engineered wood products are used in a variety of
applications, from home construction to commercial buildings and industrial
products. The products can be used for joists and beams that replace steel in many
building projects. These products are engineered to precise design specifications
that are tested to meet national or international standards.
Facet: a vertical side of a cell or muqarnas unit.
Fargheh: an Arabic word meaning ‘space’. Free-form surface: used in CAD and other
computer software to describe the skin of a three-dimensional geometric element.
Unlike regular surfaces, such as planes, cylinders and conical surfaces, free-form
surfaces do not have rigid radial dimensions. They are used to describe forms
such as the bodies of cars and boat hulls. Initially developed for the automotive
industries, free-form surfacing is now widely used in architecture and engineering
design disciplines.
Geometry: the science of properties and relations of magnitudes, such as points,
lines, surfaces or solids in space, and the way parts of a particular object fit together.
Ghayb: an Arabic word meaning “invisible’; beyond the perception of human
beings.
Girih: a Persian word meaning ‘knot’. An ornamental system that may have
originated in Baghdad in the eleventh century AD. Girih are geometric, often starand polygon-shaped, designs, consisting of lines that form an interlaced strap-work,
from which construction lines radiate and at which they intersect. It is a technique
used to produce patterns in Islamic architecture that decorate tiles. Girih designs
feature arrays of tessellating polygons of multiple shapes, and are often overlaid
with a zigzag network of lines. The girih, rather than the boundaries of the tiles
themselves, are visible. (It is thought that the girih style signifies the identity of a
particular dynasty, but which one is unknown.)
Grasshopper: a graphical algorithm, tightly integrated with Rhino3D.
Groin: a niche-like element with a concave surface; it helps with the transition from
a square base to the circular base of a dome.
Haddith: an Arabic word for the recording of the sayings of the prophet
Muhammad. It is considered a major religious source of law and moral guidance,
second only to the authority of the Quran. It originates from the Arabic language,
which implies a body of moral and religious law derived from religious prophecy
rather than human legislation.
Hammam: an Arabic word for ‘bathhouse. It compromises a series of domed and
vaulted rooms, some larger than others, with niches and benches.
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Hikma: an Arabic word for ‘wisdom’.
Hyperbolic paraboloid: an infinite surface in three dimensions with parabolic crosssections. The hyperbolic paraboloid shell is doubly curved, which means that with
proper support the stresses in the concrete will be low and that only a mesh of
small reinforcing steel is necessary. This reinforcement is strong in tension and can
carry any tensile forces and protect against cracks caused by creep, shrinkage and
temperature effects in the concrete.
Hyperbolic paraboloid shell: a double-curvature saddle-shaped shell formed
geometrically by moving a vertical parabola over another vertical parabola set
at right angles to the moving parabola. The saddle shape created is termed a
hyperbolic paraboloid outline; horizontal sections taken through the shape are
hyperbolic in format and vertical sections are also parabolic. Hyperbolic paraboloid
shells can be used singly or in conjunction with one another to create any shape or
size. With proper support the stresses in the concrete will be low, and only a mesh of
small reinforcing steel is necessary. This reinforcement is strong in tension and can
carry any tensile forces and protect against cracks caused by creep, shrinkage and
temperature effects in the concrete.
Intermediate element: a surface, or two joint surfaces, connecting the roofs of two
connecting cells.
Iwan: a Persian word meaning a ‘rectangular hall’ or ‘space’, usually vaulted, walled
on three sides, but with one end entirely open to, and overlooking, a courtyard. In
Damascus it is usually located on the north façade of the courtyard to catch a cool
breeze during the summer months of the year. It usually stands on a raised platform.
The iwan is sometimes used as an open-air reception (seating) area, or as a venue
for evening events such as the playing of traditional music. It comprises two
symmetrical rooms facing each other, and has an ornamental front stone arch facing
the courtyard.
Jig: a custom-built device for holding the object that is being built, and for guiding
the tools required to do this. Its prime purpose is to provide accuracy in the
production of the work under construction.
Jouwani: an Arabic word meaning internal’. In a hammam, a jouwani refers to the
third of three bathing rooms, where the temperature is the hottest and where
bathers sweat it out. Kaaba: an Arabic word for ‘cube’. It is also the name of a square
building and the holiest shrine in Islam, elegantly draped in a silk and cotton veil,
located in Mecca, Saudi Arabia.
Kangaroo:
Kangaroo is an add-on for Grasshopper/Rhino and Generative
Components, which embeds physical behaviour directly into the 3D modelling
environment, and allows interaction with it ‘live’ as the simulation is running. It can
be used for various sorts of optimisation, structural analysis and animation.
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Karamba plug-in: a parametric structural engineering tool which provides
accurate analysis of spatial trusses, frames and shells. Karamba is fully
embedded in the parametric design environment of Grasshopper, and is a
plug-in for the 3D modelling tool Rhinoceros.
Khan: an Arabic word for a roadside inn for travellers, usually built on two floors
and with a huge courtyard in the middle, surrounded by commercial units.
Kibla: an Arabic word meaning direction. It is the direction that should be faced
when a Muslim prays towards the Kaaba in Mecca. Most mosques contain a
mihrab that indicates the qibla.
Kishani: an Arabic word meaning ‘ceramic’.
Konye: an Arabic word meaning “set-square’.
Ladybug plug-in: an open-source environmental plug-in for Grasshopper to help
designers and engineers create a building design suitable from an environmental
point of view. It allows for the importation and analysis of standard weather
data in Grasshopper; the drawing of diagrams such as sun-path, wind-rose,
radiation-rose, etc.; it also enables the running of radiation analysis, shadow
studies and viewing analysis.
Lobed arch: an arch with lobes (segments of a circle) on the inner curve. A
Moorish element.
Machicolations: openings through which objects such as stones or boiling water
could be dropped on attackers at the base of a defensive wall.
Madrasa: an Arabic word for an educational establishment, where theology,
law, political sciences, languages and science were once taught.
Makook: an Arabic word meaning a three-dimensional element used in forming
a muqarnas composition in Damascus; its two-dimensional projection on a
horizontal plane is a diamond shape. They are usually used only in Damascene
craft workshops.
Maqsura: an Arabic word meaning ‘spaces for people to hire; although they
have no doors they are considered to be private spaces. Maqsura are usually
located in the jouwani in the interior of the hammam. Maristan: a shortened
version of the word ‘bimaristan’, a Persian word meaning “house of the sick’- a
hospital.
Mashrabiya: a traditional Islamic window element; a delicate screen of
geometric latticework that offers effective protection against intense sunlight in
the Middle East. It is a sun-shading device for cooling, which allows light and air
to enter a room and provides privacy by not allowing a view of the interior from
the exterior. Mastra: an Arabic word meaning ‘ruler’.
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Materiality: in architecture, the word refers to the applied use of various substances in the
medium of building.
MD slider: a utility that allows the user to choose numeric values. Using an MD slider is
visually easy to understand as the square layout of the slider mimics the UV-point in relation
to the surface. The output of the slider is an x, y, z coordinate.
Mesh: a collection of vertices and polygons that define the shape of a polyhedral object.
Meshes in Rhino3D consist of triangle and quadrilateral meshes for export to various file
formats. If a mesh is generated from a solid, the mesh will be a seamless (watertight or
closed) mesh.
Mihrab: an Arabic word describing a semicircular niche in the wall of a mosque that indicates
the qibla, the direction of the Kaaba in Mecca, and hence the direction that Muslims should
face when praying. Mihrabs vary in size and are usually ornately decorated. They are similar
to apses.
Minaret: a distinctive structure found in mosques that looks like a tower. It is used to provide
a place for calling people for prayers five times each day. It has one or more balconies.
Minkhar: an Arabic word meaning ‘nose’.
Multipoint forming (MPF): a process of fabricating movable moulds. It is an advanced and
flexible manufacturing technology for three-dimensional sheet metal parts. MPF may form a
variety of part shapes without the need for solid dies, and given only geometry and material
information about the desired part.
Muqarnas: an architectural three-dimensional vaulting feature, usually found in domes, halfdomes and mihrabs. Niche: a shallow recess, especially one in a wall that displays a statue or
other ornament.
Normal: a vector that is perpendicular to the surface at a given point.
Ogee: An Arabic word meaning a double curve, resembling the letter ‘S’, formed by the
union of a concave and a convex line.
Panelling: the process by which a shape is segmented into simple surface patches known as
panels.
Panellisation: implies a surface comprising flat planar panels, a method used to simplify the
fabrication process.
Paraboloid: in geometry this is a quadric surface generated by rotating a parabola, a conic
section, about its axis.
Paraboloid shells: complex forms of concrete shells, including hyperbolic paraboloids,
or saddle shapes, and intersecting parabolic vaults less than 1.25 cm thick. Pendentive: a
concave and triangular piece of masonry serving as the transition from a square support
system to the circular base of a dome.
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Performative architecture: the use of digital technologies to challenge the way
the built environment is designed. It is an emerging field of practice and research.
Technology such as advances in computer programming opens up possibilities for
the emergence of performative-based design.
Perjal: an Arabic word for “compass’.
Photogrammetry: the science of taking measurements from photographs.
Photometry: the measurement of light in terms of its perceived brightness to the
human eye.
Planarising: the creation of a geometric plane by making the surface flat or level.
Polygon: any two-dimensional shape formed with straight lines. Triangles,
quadrilaterals, pentagons and hexagons are all examples of polygons.
Polyhedral units: three-dimensional solid geometries consisting of a collection of
flat faces of polygons, usually joined at their straight sides or edges.
Portal: a grand entrance to an important structure, such as a mosque, school,
khan or hospital. Portals are usually decorated with ornaments or muqarnas
units.
Processing: a flexible software sketchbook and a language for learning how to
code within the context of the visual arts. It is an open-source programming
language that programs images, animation and interactivity.
Qamaryyeh: an Arabic word for round openings filled with thick glass bulbs.
Qasers: an Arabic word meaning “palaces’.
Qibla: an Arabic word for the direction of the Kaaba in Mecca, and hence the
direction that Muslims should face when praying.
Qubba: an Arabic word for the dome of a funerary monument for a famous
person.
Quishani: an Arabic word for ‘ceramic’, where the design is drawn and coloured
by hand on tiles and then exposed to a high temperature.
Qurnas: an Arabic word for objects that may be applied to a ceiling or house;
decoration with corbels that are arranged gradually; muqarnas.
Quran: the Islamic sacred book, believed by Muslims to be the word of God as
instructed to the prophet Muhammad by the archangel Gabriel and written in
Arabic. The Quran consists of 114 units of varying lengths, known as suras. It
touches upon all aspects of being human, including matters of ideology, social
organisation and legislation. There are variant spellings, such as Koran or Qur’an.
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Rhinoceros: a 3D computer graphics and computer-aided design (CAD) application
software developed by Robert McNeel & Associates; an American company founded
in 1980. Usually referred to as ‘Rhino’.
Rhombus: a parallelogram with all sides equal to the module, and with the acute
angles equal to 45 degrees.
Roof: the roof of a cell is a surface that is not parallel to the horizon; comprising two
joint surfaces, either flat or curved.
Sharia law: derives from the religious precepts of Islam, particularly the Quran and
the Hadith.
Shell: the modern name for a vault, with the use of modern materials such as concrete
and steel. In construction, a shell is a thin, curved plate structure, shaped to transmit
applied forces by compressive, tensile and shear stresses that act in the plane of the
surface. Shells are usually constructed from concrete reinforced with steel mesh.
Side-face: (face): a polygon that serves as one side of any polyhedron (solid object),
such as a cube. Each face is in fact a polygon, a closed shape in a flat 2-dimensional
plane made up of points joined by straight lines.
Slider number: refers to the variety of values between the centre of the circle and
the corner of the square; each value locates the intersection point along the lines
bisecting the squares.
Souk: a market.
Squinch: a small arch thrown across the angle of a square or polygon to make it more
rounded and thus able to receive the circular base of a dome.
Stereo-lithography apparatus (SLA): a form of 3D printing technology used for creating
models, prototypes and patterns layer by layer, using light to link the materials and
form the required shape.
Stucco: a fine plaster used for coating wall surfaces or for moulding architectural
decorations.
Synergy: the combined working together of two or more parts of a system so that the
combined effect is greater than the sum of the effect of the parts.
Tarbia: a square, modular unit used in muqarnas.
Tawhid: an Arabic word meaning the oneness of God’.
Tessellation: an arrangement of shapes closely fitted together, especially of polygons,
in a repeated pattern without any gaps or overlapping. 3D printing: an additive
manufacturing process that creates a physical object from a digital design by laying
down successive layers of material such as plastic until the object is created. Each of
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these layers can be seen as a thinly sliced horizontal cross-section of the eventual
object. There are various types of 3D printing technologies and materials that can be
used, such as SLA or SLS, etc., but all are based on the same principle: a digital model
is turned into a solid three-dimensional physical object by adding material layer by
layer.
Thrust Network Analysis: a new methodology for generating compression-only
vaulted surfaces and networks. It is based on a thesis dissertation by Philippe Block
(MIT, 2009)
Tier: a row of cells or muqarnas units, with their base on the same surface parallel to
the horizon.
Topology: the form, shape and texture of a building, and also to the way its
architecture relates to both its site and structure. The word has its roots in geometry
and mathematics.
Torus: in geometry, a torus is a surface of revolution generated by revolving a circle
in three-dimensional space about an axis coplanar with the circle. Usually a torus
embedded in three-dimensional space is shaped like a doughnut.
Umma: the Arabic word for community; unity; the unity of God and the unity of
Muslims throughout the world.
Vault: an arch used to provide a space with a ceiling or roof.
Barrel or tunnel vaults: architectural elements formed by the extrusion of a single
curve (or pair of curves, in the case of a pointed barrel vault) along a given distance.
The curves are typically circular in shape, lending a semi-cylindrical appearance
to the total design. Cloister vaults: a result of intersecting two-barrel vaults with a
dome construction that rests on the four sides of a rectangle. They usually end with
a skylight on the top.
Cross vaults: are achieved by intersecting two identical barrel or tunnel vaults at
right angles to each other. Such vaults allow for two intersecting barrels supported
only at the four corners. The resulting space is wide open and square. Sometimes
a repetition occurs in the cross-vaulting along one or two axes, to achieve a large
open space with arched openings. Groin vault: a vault formed by intersecting barrel
vaults.
Hemispherical vault: a vault with the form of a hemisphere.
Modern vaulting: using new materials such as metal and glass, where the vault
becomes a thin skin laid over a series of arches, or with the use of reinforced
concrete where the vault abandons the principle of the arch. Pointed and ribbed
vaults: The intersection of two to three barrel vaults produces a rib vault or ribbed
vaults. This kind of vaulting enables the masons to achieve greater height. Also it
allows for a flexible span and rise, as a result of the flexibility allowed by the pointed
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arch, which creates a variable width of space with a constant height.
Saniyah vaults: highly developed rib vaults, native to Iran. From there they spread
to Iraq, and in Baghdad they are mostly found in the construction of basements.
They are cross-bracing ribs which run up from the surrounding walls, like
generators of curved surfaces, leaving dish-like openings (saniyah) that are filled
without scaffolding by concentric rings of masonry.
Stilted vaults: the result of two intersecting barrel vaults: one smaller and one
larger. The smaller vault starts at a higher level to meet the larger vault at the
same height.
Voxel matrix: represents a single sample, or data point, on a regularly spaced,
three-dimensional grid of a surface. Each vector contains multiple values, essentially
vector data and colour. It provides the benefit of precision in computational
architectural design and renders.
Wakaf: in Arabic, literally means to ‘stop’, ‘contain’ or ‘preserve’. In Shariah law, a
wakaf means a recurring and ongoing charity, a voluntary charitable endowment
from one’s personal belongings and wealth in the form of cash or property. Over
many centuries, wakaf has been one of the cornerstones of the Islamic economic
system. It has provided education, health services, water, travellers’ lodges, clinics
and hospitals, environmental protection, mosques, madrassas, universities and
other public utilities.
Wastani: meaning ‘middle’ in Arabic. In a hammam the word refers to the second
of three bathing rooms, a spacious transitional area with a medium temperature.
This room connects the barrani with the jouwani.
Wood-plastic composites (WPCs): composite materials made of wood fibre/wood
flour and thermoplastic.
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Fig 0.1
Damascus,
the Umayyad
Mosque, 8th century.

Fig 0.2
Damascus,
Khan As’ad Pasha,
1752.

Fig 0.3
Damascus,
Al-Hamidiyah Souq,
18th century.
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introduction
Reasons for this Study
If one asks a typical architect what it was that drew them to their profession,
it is fairly likely that they will cite a love of art and an aptitude for
mathematics. It is also fairly likely that they will mention being inspired by a
particular building, or a visit to a particular town or city that impressed them
at a tender age. As such, I am not atypical. As a schoolgirl I used to love art
class more than any other, and I was fairly good at mathematics, though to
be honest I always struggled to see the relevance of algebra and quadratic
equations.
The architectural inspiration came from my home town, Damascus, or to be
more precise the ancient city of Damascus. As far back as I can remember I
always considered there to be two very different sides to the city; the old and
the new. I grew up in the new part and although I have a certain nostalgia for
the homes of my childhood, I always considered it to be at best uninspiring
and at worst ugly and uncomfortable.
I remember summers being
particularly bad. A lack of public transport made it difficult to get around
without the help of an adult and I remember resenting the wide, dusty roads,
full of angry cars that separated me from my friends. It was difficult to play
in streets that offered little protection from the burning summer sun.
As such, the ancient city of Damascus represented something of an oasis to
me. Passing through the gates of the wall that had protected it since Roman
times, one was never in any doubt that one was entering a very different
part of the city. The wide busy traffic-filled streets were replaced by quiet,
shady lanes where one could amble free from the oppressive heat and cars.
The tall monotonous apartment blocks and office buildings were replaced
by characterful old buildings, which, although not architecturally significant
on their own, formed part of a pleasing whole. A neighbourhood with a
more human scale, with a more human touch, where one could more easily
interact with other humans.
The city was also home to a number of buildings that were inspirational on
their own. Shopping in the suburbs was mostly limited to bland American
style malls, but the ancient city offered a multitude of cosy and intriguing
shops, cafés and restaurants, not to mention the historic souqs, my favourite
being the Al-Hamidiyah Souq where we would be treated to hand-made ice
cream on special occasions. The old town was also home to many inspiring
individual buildings such as the Khan As’ad Pasha1 and the Umayyad Mosque.
Indeed, I retain vivid childhood memories of the Umayyad Mosque, playing
in its large shaded courtyard and being captivated by its ornate design, in
particular the geometric patterns of its entrance hall ceiling (see Fig 0.5).
However, it was not a particular building that inspired me, more the sense
that there was some kind of shared sensibility or philosophy that seemed to
bind everything in the city together.

1. A khan, or caravanserai was a
roadside inn where
travellers (caravaners) could rest and
recover from the
day’s journey.
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It took me a long time to discover what this might be. While studying
architecture in Damascus, myself and many of my contemporaries sought
to draw inspiration from the ancient architecture, to use its lessons to
create buildings that were both innovative in terms of expression, but
at the same time shared a sense of identity with the classical Islamic
buildings, with which we had grown up. It was however a daunting task.
Equipped with only a drawing board, paper and pens it would be difficult
to even draw a representation of an existing classical building. To try to
create something modern that shared the amazing level of detail of these
past structures seemed like an almost impossible task.
After completing my architectural studies in Damascus, I moved to London
in order to work in the offices of the late Zaha Hadid. In many ways her
work might seem to be the antithesis of what drew me to architecture
in the first place. I had been seeking a unity that was capable of uniting
all the elements of a city into a cohesive whole. However, many of the
buildings of Zaha Hadid are stand-alone structures that do not form part
of the cities in which they stand, rather they tend to form iconic sculptures
that introduce an imported identity, rather than building on a shared one.
What I learnt at Zaha Hadid, however, is the importance of mathematics
and geometry in the understanding of what constitutes harmonious
design. Before I joined Zaha Hadid Architects, in 2006, the buildings that
they produced tended to be quite angular and did not generally include
the kind of curvaceous forms with which they would become so closely
associated. That was however rapidly changing, not least because of
the new types of computer software and techniques that they were
employing. Chief amongst these was the 3D modelling program, Rhino,
and its parametric design plug-in, Grasshopper.
The effect that using these tools had on me, not just the way that I design,
but also my entire design philosophy, was profound. When one designs
parametrically, one ceases to design in a purely intuitive way. One does
not just sketch a curve that is pleasing aesthetically, one constructs a
curve that abides to a set of rules or parameters. As such, one is forced
to consider not just whether a particular from is beautiful, but what are
the underlying rules that make it beautiful. This allows the user to create
designs that can be easily adapted to multiple scenarios.
Tools such as Grasshopper are now commonly used when designing the
panelisation of complex free-form façades, such as the Heydar Aliyev
Centre in Baku, Azerbaijan. Using traditional techniques it would take a
huge number of man hours to design the many thousands of panels that
constitute the facade. Using Grasshopper, one simply has to work out
the logic of the design and the computer does the rest. Furthermore
computer-aided manufacturing (CAM) can be used to facilitate the
construction process.
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My experience with Grasshopper gave me the realisation that it was now entirely
possible to create designs that share the apparent complexity and level of detail
that defines the best of Damascene and indeed Islamic Classical Architecture.
Designing parametrically forces one to think in systems and one soon realises
that even the most complex systems can be broken down into a limited number
of units. In order to illustrate this consider that the periodic table constitutes
only 103 different elements, yet different combinations if these elements make
up everything we experience in our lives.
Consequently I was drawn to my PhD course with the belief that by combining
an understanding of the architecture of the Islamic World (and by extension
all forms of classical architecture), with an understanding of parametric and
computational design one could develop a new understanding of architecture
that allows architects to build upon the lessons of the past, rather than to
reject them and replace them with something entirely new. In some ways the
architecture of the last century has been the antithesis of the architecture that
preceded it. What I hope to achieve in this thesis is an understanding of how
modern ideas might be synthesised with ancient ideas in order to create an
architecture that builds on the best of both.

Fig 0.4

Baku, Heydar Aliyev Centre, 2012.
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Fig 0.5
Damascus,
Umayyad
Mosque.
Entrance hall ceiling.
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The Architecture of the Islamic World
In many ways, both the architecture of the Islamic World, as well as the Islamic
religion itself, can be viewed as syntheses of pre-existing ideas and traditions. Along
with its predecessors, Judaism and Christianity, Islam represents one of the three
principal Abrahamic religions. As such, the Muslim faith was not born as rejection
of the beliefs and philosophies of its predecessors. Instead it attempted to build
upon them and adapt them to the contemporary world. As such there exist many
similarities between the religions. For example, the Jews trace their lineage to
Abraham’s son Isaac, while Muslims trace theirs to his other son, Ismael. Christians
meanwhile, believe that Jesus was the son of god, while Muslims believe that Jesus
was a great prophet, like Muhammad.
Similarly, as explained in greater detail in the first part of chapter one, the
architecture of the Islamic World very much builds upon the traditions of the regions
that came under its influence. As such, one can trace many of the origins of the
Islamic architectural style back to its predecessors, most notably the Byzantines and
Sasanians. Furthermore one will see how the three principal mosque typologies
developed from Christian churches, which themselves had developed from Roman
typologies.
Indeed, there is almost always a local or traditional character in the architecture of
the Islamic World, while at the same time there is also a unity of the arts expressed
under the guidance of Islam. From the eighth to the nineteenth century AD in the
Middle East and across the Islamic World, art and architecture was being produced
based on existing Greek, Roman, Byzantine and Sasanian traditions, which in turn
was affected and shaped by Islam. As Oleg Grabar writes:
Islamic art should always have an adjective attached to it to refer to its ethnic,
cultural, temporal, geographic or religious origins. For example ‘early’, ‘late’
‘classical’, ‘Iranian’, ‘Arabic’, ‘Turkish’.2
He expands what he says here with an explanation of the meaning of Islamic art:

2. Grabar, O. The
Formation of Islamic
Art, 3

The important point is that ‘Islamic’ in the expression ‘Islamic art’ is not
comparable to ‘Christian’ or ‘Buddhist’ in ‘Christian art’ or ‘Buddhist art’. An
alternate and far more common interpretation of the adjective ‘Islamic’ is that
it refers to the culture or civilization in which the majority of the population or
at least the ruling element profess the faith of Islam…
… the term ‘Islamic’ would be comparable to those like ‘Gothic’ or ‘Baroque’ and
would suggest a more or less successful cultural moment in the long history of
native traditions.
As in the study of Gothic architecture or baroque painting, one of the
historian’s problems then becomes to distinguish what in a given moment
is native and what belongs to the Islamic overlay, and to keep some sort of
balance between the two components.3

3. Grabar, O. The
Formation of Islamic
Art, 2

Despite the breadth and diversity of the architecture of the Islamic World there
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are nevertheless a number of unifying characteristics, such as the use of Arabic
calligraphy and geometric patterns that are immediately recognisable and
identifiable as belonging to the architecture of the Islamic World. Although it was
initially my intention to write broadly about how Islamic geometry and design
principles might be re-interpreted in a contemporary environment with the use of
digital design tools, I ultimately decided to focus this thesis on a specific architectural
device the use of which has mostly been limited to Islamic architecture. The main
subject of this study will therefore be muqarnas.

Fig 0.6
A traditional
muqarnas
mihrab from the
Mamluk era, located
in the Yaser workshop in the Old City
of Damascus.
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What are Muqarnas?
Muqarnas are three-dimensional compositions formed from a limited number of
unit types that are repeated to form a seemingly complex whole. Also known as
‘stalactite’ or ‘honeycomb vaults’ they are typically used to adorn domes and halfdomes in iwans4 and apses.

4. Please refer to
the glossary.

According to most researchers, in order to be considered a true muqarnas composition
a design must feature a minimum of three repeated units, arranged into a minimum
of two horizontal courses, at least one of which must contain at least two adjacent
units. I agree with this view. However, the majority of muqarnas compositions will
typically feature significantly larger numbers of cells.
When projected in plan the individual units of a muqarnas composition, will
form a limited number of relatively simple polygons. If one projects an entire
muqarnas composition in plan, the result is a two-dimensional composition of
these same polygons that closely resembles Islamic tiling. As such, muqarnas can
be understood as a three-dimensional equivalent to two-dimensional Islamic tiling
patterns. In both cases seemingly complex designs are created by the combination
of a limited number of unit types.
Muqarnas are believed to have been first developed during the middle of the
tenth century AD in two separate locations, north-eastern Iran and North Africa.
Although these developments occurred at a similar time, it is not believed that they
were linked, rather that they were entirely independent of one another. Although,
this might at first seem unlikely, it is not altogether surprising given that muqarnas
and indeed Islamic geometry as a whole are so intrinsically linked to mathematics.
By the end of the twelfth century the use of muqarnas had become widespread
across the entire Islamic World, and they would continue to feature prominently
in Islamic architecture well into the nineteenth century. In Damascus however,
the art-form has experienced a sharp decline in popularity and nowadays they are
considered to be something of a ‘forgotten treasure’. Only architects, historians and
Orientalists are really aware of them and of their current poor condition in the city.
Consequently many architects and historians acknowledge that muqarnas
forms are at serious risk of extinction, partly due to the fact that there are very
few practitioners left today who have learnt the craft of designing and building
them from older masters.5 These historical forms were forgotten for many years,
however, with the spread of digital technology into the architectural field there is a
new and increasing interest in documenting and reviving them.

5. Hamekasi,
N, Samavati, F &
Nasri, A. Interactive Modelling of
Muqarnas, 129-136.

Muqarnas are special to me. I have been captivated by their intricate geometries
since an early age. As a child I would have mostly experienced them whilst walking
through the streets of the old city of Damascus, where they were frequently used to
adorn the portals of various public buildings. I also remember them from weekend
family visits to the Al-Azm Palace (AD 1752), where they featured in the interiors of
most of the rooms, often in the form of mihrabs, constructed from wood or stone. I
also remember them from the building’s courtyard, which, amongst its colonnades,
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Fig 0.7
Projected
plan of a muqarnas
from the Alhambra
Palace.

Fig 0.8
Plan
showing a tiling
pattern from the
Alhambra Palace.
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features simple friezes of muqarnas elements.
Although muqarnas had captivated me since childhood, it was not until I was
attending architectural school at Damascus University that I began to consider
how these geometric marvels had been designed and constructed. I remember a
particular visit to the Bimaristan Nur al-Din (AD 1154), a former hospital that now
serves as a museum of Arabic medicine, that formed part of my first year course.
However, discussing the design of the muqarnas with my tutors, revealed only that
these three-dimensional Islamic motifs were little understood and were shrouded
in mystery. As such, I was inspired to discover more about them and this desire
forms the basis of my wish to discover a digital to revive them.
My time working at Zaha Hadid Architects was inspirational and exposed me for the
first time to parametric modelling. Working on projects such as KAPSARC (the King
Abdullah Petroleum Studies and Research Centre, Saudi Arabia) in 2010, I was able
to combine my previous exposure to these historical forms with an understanding of
new digital techniques. This led me towards my current field of research, the revival
of these traditional and historical forms with the aid of modern digital techniques.
Both traditional architecture and digital tools are systematic and are mathematically
based, those two common features, made the revival process possible.
Muqarnas are also special to the architecture of the Islamic world, as they are
forms that represent unity in diversity. They are a prominent architectural design
feature across the vast breadth of the Islamic world, however they still represent
local skills, materials and styles. A wide range of buildings including medieval
structures from locations as diverse as Cordoba, in Spain, to Damascus, in Syria,
exhibit the sophisticated lattice work of muqarnas. Furthermore, they represent
the only three-dimensional patterns in the architecture of the Islamic world that
also provide volume (or what is called in this thesis a negative space). As such, they
fulfil something of an equivalent role to that of sculptures in European architecture.
The role of ornamentation in the architecture of the Islamic world, plays a huge
part in defining its unique style. Its buildings are covered with a network of
repeating and interlacing patterns that serve to unite the various three-dimensional
planes of their geometry, so that no sense of interruption exists. The complexity
of muqarnas forms allows artists to balance positive and negative areas of space,
therefore, constructing buildings that are functionally and aesthetically whole.
Throughout the course of this thesis, I will discuss a selection of the ideas and
theories as to why this form may have been first invented. One such conjecture
is that the form was invented in order to fulfil a spiritual role related to Islamic
theology. Muqarnas are frequently located in the higher parts of a building,
whether in a vault, dome or around a ceiling, and as such are designed to have the
effect of raising the eye upwards, towards the heavens.
This historical form is special within the architecture of the Islamic world for all of
the above reasons. It is connected to mathematics, it creates negative spaces and
it creates geometric sculptures. It is a primary characteristic of this unique and
special style of architecture.
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Fig 0.9
Damascus,
Al-Azm Palace, 1752.
View of the colonnade
featuring
muqarnas
elements.

Fig 0.10 Damascus,
Bimaristan Nur al-Din,
AD 1154. Detail of
muqarnas portal.
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Principal Aims and Scope of this Study
Muqarnas have intrigued me from an early age. They are beautiful architectural
elements that challenge the observer to understand their composition and
distinguish their parts from the whole. Having grown up in Damascus, it was my
wish to find out more about their history, both local and across the Islamic World.
When I first began this study, the Syrian Conflict was in its infancy and I had little
idea how long it would go on and how destructive it would be. However, as the
troubles developed, it became increasingly clear that the country’s architectural
heritage was in severe danger, not just from collateral damage but from targeted
attacks.
The threat to Damascene muqarnas was two-fold. Firstly the muqarnas themselves
were under severe threat, from destruction, damage and lack of maintenance.
Secondly, the craftsmen who kept the traditions alive were also under threat. Many
of them had already left the country, while those that had stayed were mostly
working on projects for foreign clients, mostly in the Gulf States.
As such, there developed a certain urgency, not only was it becoming increasingly
important to document the muqarnas themselves, it was also becoming important
to document the working methods of the muqarnas craftsmen. In both cases, very
little had been written down, drawn, or recorded by camera and it was important to
remedy this before either were lost forever.
It soon became clear that I would have to focus my study on several different areas.
Firstly I would attempt to find out more about the history and cultural significance
of this ancient art-form. Secondly, I would take time to accurately document
existing examples of muqarnas in Damascus. Thirdly, I would study the geometry
of muqarnas, and finally I would find out more about how muqarnas were
manufactured.
In 2015, I visited two muqarnas workshops located in Damascus. In common with
other traditional crafts, these workshops were operated by family owned businesses
within which knowledge and experience had been passed from generation to
generation. As such, the manual skills that they employed were the result of an
accumulation of hundreds of years of expertise. This knowledge was often kept
within the family as a guarantor of the continuation of their business. Although,
these artisans make use of some modern tools and techniques (i.e. using modern
machines to cut the curves of muqarnas units) it is their manual (intuitive) skills
which provide the foundation upon which their livelihood is built.
This subject raises a number of questions regarding the nature of labour and
social relationships that the traditional craft of muqarnas was associated with, as
well as relationships between traditional manual skills (hand-work) and machine
fabrication. Although these subjects are relevant to this study, I took the decision
to focus, for the purpose of this particular thesis, on largely designer-driven tools,
which are described in the third chapter. Nevertheless, I do in my conclusion begin
to open up some of the ways in which new design approaches have the potential
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to combine artisanal practices and techniques (i.e. assimilate modes of localisation)
with computational design tools and fabrication techniques (globalised modes and
technologies). As such, I believe that there is great potential to form new kinds of
relationships between architects/designers and traditional artisans.
It is my hope that this study will help to revive interest in muqarnas. It is not only my
aim that remaining muqarnas are protected and repaired, but also that muqarnas
continue to be manufactured. Indeed the final part of this study will focus on how
muqarnas might be re-interpreted and developed not just as a contemporary art
form, but perhaps as a performative architectural element. As such, I have based
this thesis around four principal aims/threads:

1.

Historical & Cultural Significance

I wish to explore the reasons why it is important to preserve, revive and to develop
vernacular forms and why one should refer to the past whilst looking to the future.

2.

Architectural & Aesthetic Development

I wish to document the architectural/aesthetic development of muqarnas, from
their inception, to the present day and to propose ways that they might develop in
the future.

3.

Geometry/Mathematics/Computing

I wish to study how the mathematics/geometry behind muqarnas has developed
over time, and how one can utilise contemporary computing techniques in order to
generate new forms.

4.

Manufacture & Technical Performance

I wish to study how muqarnas have been manufactured throughout history and to
explore how they may be manufactured in future. I also intend to investigate how
they might be developed to perform structurally and environmentally.
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Structure of this Document
The document is divided into three chapters, each of which contains four main
parts. Each of these parts broadly corresponds with the four principal aims outlined
above.
The first chapter covers the period between AD 622 to 1924, a period which has
been termed ‘the age of the Caliphates’. The first of these dates marks the birth of
Islam, whilst the second marks both the birth of the modern state of Syria and the
abolition of the Ottoman Caliphate. I begin this chapter by giving a broad overview
of the development of Islamic architecture with a focus on Damascus.
With the historical and architectural context established, I then go on to investigate
the conception of muqarnas (in the mid-tenth century) and their development
over the following millennium. I use the third part of the chapter to describe the
underlying geometry of muqarnas before describing how traditional muqarnas
were (and are still being) manufactured.
The second chapter covers the period from AD 1839 to the present day. The first of
these dates marks the beginning of the Tanzimat period, which is widely regarded
the beginning of the ‘modernist era’ in the Middle East. I begin this chapter by
describing the architectural and urban development of Damascus over the last
century. I describe how the quality of the built environment has deteriorated and
how this has affected the city both culturally and socially.
In the second part of this chapter I investigate how muqarnas have been integrated
into the architecture of the last century and describe some recent experiments that
attempt to revive the art-form in a contemporary setting. In the third part of the
chapter I describe and review the work of several academics who have studied the
geometry and architectural significance of muqarnas since the early 1980s. I use
the fourth part of the chapter to describe recent developments in Computer Aided
Design (CAD) and Computer Aided Manufacturing (CAM) that might be utilised in
the creation of a contemporary form of muqarnas.
I use the third chapter to describe the process of proposing a computational and
performative design of the muqarnas form. In the first part of the chapter I describe
a series of experiments that I conducted using computational techniques to project
a series of traditional muqarnas designs onto a virtual model of an existing historic
structure.
I use the second part of the chapter to describe a series of designs that I made to
test potential structural and environmental uses for muqarnas. In the third part
of the chapter I describe the development of my final design, a new hammam and
spa complex in the heart of the ancient city of Damascus. In the final part of the
chapter I describe how this design functions both structurally and environmentally
and how it might be fabricated.
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Fig 1.1
Damascus,
Azm Palace, 1749.
Wooden ceiling muqarnas.
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INTRODUCTION
As I explained in the introduction, muqarnas vaults are also commonly referred to
as ‘honeycomb’ or ‘stalactite’ vaults. Indeed there are a number of additional terms
used to refer to the art-form. With different regions using different words or alternate
spellings. In the area historically known as the Maghreb (which comprises most of
modern day Algeria, Morocco, Tunisia, Libya and Mauritania) they are commonly
referred to as ‘mocárabe’ or ‘mqrbes’, while in Europe and Egypt they are more
commonly referred to as ‘stalactite vaults’ due to their resemblance to the naturally
occurring phenomena of the same name. The term ‘muqarnas’, is however the term
popularly used across the area historically known as the Mashreq (which comprises
Syria, Jordan, Palestine, Israel, Turkey and Cyprus) and I will continue to use this term
for the remainder of the document.

Etymology
The word muqarnas is the passive participle of the Arabic term ‘qarnīṣ’. Words listed
under the root ‘qarnīṣ’ have many meanings.
Various words are listed under both the sĩn and the sād form of the root q-rn-s/s. One of these words stands out as a very likely candidate for being the
etymon of muqarnas. It is the geographical morphological term qurnās (also
qirnās) which is defined as’ “something like a nose projecting in a mountain”.
Accepting this, the verb qarnasa would mean something like ‘to furnish a
structure with projecting over-hanging elements’ and the past. pass. muqarnas,
consequently, would originally have meant ‘(a structure) furnished with
projecting overhanging elements’.1
The Arabic word ‘qarnīṣ’ is in turn related to the ancient Greek word κορωνίς (korōnís).
One of the meanings of the word ‘koronis’ is ‘anything curved or bent’, such as a
‘wreath or garland’ and as such the word is also the basis of the English words ‘crown’
and ‘cornice’. As we will discover later in this chapter, muqarnas are sometimes used
to form ‘cornice’ like elements when applied to the upper boundaries of a room.

1. Dold-Samplonius,
Y. Practical Arabic
Mathematics: Measuring the Muqarnas
by al-Kāshī

Contents of this Chapter
The purpose of this chapter is to describe the historical development of muqarnas
during the Age of the Caliphates (AD 622-1924). This chapter is formed of four
principal sections, which are preceded by this introduction and followed by a
conclusion, where I review the principal findings.
The first section is not specifically used to describe muqarnas, although I do refer to
a number of buildings that include them. The purpose of this section is to provide an
architectural, historical and cultural context for the sections that follow.
Having established an architectural context, I use the second section to describe the
conception and development of muqarnas. I also use this section to describe four
examples of muqarnas from Damascus, that I documented in 2015.
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In the third section I look into the underlying geometry of muqarnas compositions.
I begin by discussing the similarities between projected muqarnas plans and
traditional Islamic tiling patterns, before introducing the work of the Persian
mathematician and astronomer al-Kāshī (AD 1380-1429), who was the first person
to describe the geometry of muqarnas in his book ‘The Key to Arithmetic’.
In the fourth section I investigate how traditional muqarnas compositions were
manufactured. I describe visits that I made to two different muqarnas workshops
in Damascus and describe how the artisans continue to manufacture muqarnas,
having learned traditional skills that have been handed down over many
generations.
Fig 1.2
Granada,
Alhambra Palace, AD
14th C. Detail of a
stalactite muqarnas.

Fig 1.3
Granada,
Alhambra Palace, AD
14th C. Muqarnas
dome.
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1.1

HISTORY & CULTURE (AD 622-1924)

Introduction
In order to discuss the historical development of muqarnas it is necessary to give
them an architectural and historical context. As such, I will be using this section
to give a brief overview of how Art and Architecture developed within Damascus
and the wider Islamic World between the years the year AD 622, which marks
the first year of the Islamic calendar, and the year AD 1924, which marks the
final year of the Ottoman Caliphate.
During this 1300 year period the Islamic World was governed in whole or in part
by more than a dozen major empires, including the Abbasids, Ottomans and
Mughals, many of which encompassed smaller polities. I will not try to describe
them all, but instead will focus on those that are relevant to Damascus.

Early-Islamic Period (AD 622-750)
Unification of the Arabian Peninsula (AD 622-632)
The Islamic Calendar begins on 19 April AD 622, the day on which Muhammed,
along with a group of his closest followers, migrated from Mecca to nearby town
of Yathrib (which he would later rename Medina). Using Medina, and later
Mecca, as his base, Muhammad and his followers would go on to conquer and
unite the Arabian Peninsula under the banner of Islam.
Then, as it is today, the Arabian Peninsula was largely arid. As such, there was
little opportunity for agriculture, with the exception of a limited number of small
areas located around springs and oases. Although these fertile areas supported
the region’s sedentary population, a large number of indigenous people led a
nomadic lifestyle, seeking water and pasture for their flocks and occasionally
raiding settlements and caravans. Consequently, there were few settlements
and very little in the way of architectural development.2

Rashidun Caliphate (AD 632-661)

2. Michell, G (ed.).
Architecture of the
Islamic World: Its History and Meaning.

Following the death of Muhammad (AD 632), the role of Caliph (the chief
Muslim civil and religious ruler) passed in quick succession between four of
Muhammad’s closest followers. During this time (which has since become
known as the Rashidun Caliphate) the empire expanded eastwards, into the
territory of the Sasanian Empire, and westwards into the Byzantine Empire. The
Rashidun Caliphate ended in AD 661, following a brief period of civil war that
culminated in the assassination of the fourth Caliph, Ali Ibn Abi Talib, who Shia
Muslims believe to have been Muhammad’s chosen heir.
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Map 1

Pre-Islamic Empires AD 600.
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Sasanian Empire

Arabia united under Muhammad AD 632.
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Map 3

Rashidun Caliphate AD 650.
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Map 4

Umayyad Caliphate AD 700.
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Map 5

Golden Ages AD 900.
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Abbasid Caliphate

Golden Age AD 1050.

VIENNA

BUDAPEST

VENICE

ROME
ISTANBUL

GRANADA
ALGIERS

BAKU

TUNIS
TEHRAN
KABUL
DAMASCUS
TRIPOLI

BAGHDAD

JERUSALEM

BASRA

CAIRO

MEDINA
MECCA

Umayyad Caliphate

62

Abbasid Caliphate

Fatimid Caliphate

Ghaznavid Empire

ISFAHAN
SHIRAZ

section 1.1
Map 7

Golden Age AD 1200.
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Fig 1.4
Jerusalem,
Dome of the Rock,
AD 691. Exterior.

Fig 1.5
Damascus,
Umayyad Mosque, AD
715.

Umayyad Caliphate (AD 661-750)
3. Michell, G (ed.).
Architecture of the
Islamic World: Its
History and Meaning,
222.

Ali’s successor as Caliph was Muʿāwiyah ibn Abī Sufyān, who had previously been
serving the role of Governor of the Levant (AD 639-661)3. Muawiyah took the role
on the understanding that following his death power would be handed back to
Hasan, the son of the fourth Caliph Ali, or (in the event of Hasan’s death) Hussein
ibn Ali (the brother of Hasan). However, following Hasan’s death, Muawiyah
reneged on the agreement when he commanded the people to accept his son,
Yazid, as his successor.
One of Muawiyah’s first acts as Caliph, was to move the capital from Kufa (Iraq)
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to Damascus (Syria). As a consequence, the city and its surrounding regions,
including Syria and Palestine, became ripe for economic and architectural
development. Although many of the earliest examples of Umayyad architecture are
indistinguishable in style from their immediate predecessors, there soon developed
a new style that fused elements of Byzantine and Sasanian architecture.4

4. Ibid, 164.

Completed in AD 692, the Dome of the Rock in Jerusalem is widely recognised as
being the first example of Islamic architecture (and certainly the oldest surviving
example). The design comprises a dome of 20m diameter, that is thought to
have been inspired by neighbouring Christian churches (of the Byzantine style),
with which it sought to compete. However, a key difference with it’s Byzantine
predecessors is its use of intricate patterns and geometric mosaics, inspired by
Sasanian architecture, in place of figurative artworks.
The Dome of the Rock, is however a shrine, rather than a mosque. In fact many of
the earliest Syrian mosques were converted Christian churches. Typically a church
would be converted by blocking the west entrance, introducing a new entrance in
the north wall, and turning the direction of prayer towards the south (the direction
of Mecca) rather than the east.4
One of Syria’s first purpose built mosques was the Great Mosque of Damascus,
which was built between AD 706 and 715 during the reign of the sixth Umayyad
Caliph, Al-Walid ibn Abd al-Malik. The building was built on the site of a former
Byzantine Christian Cathedral, and although it was technically a new-build the
architects chose to recycle the church’s columns and arcades, by dismantling them
and integrating them within the new layout. The building features a large courtyard
(122.5 by 50 metres), which is surrounded by a portico and through which one
enters the main prayer hall.4
The prayer hall features three arcades, which are built parallel to the southerly
direction of prayer, and a central dome (the Dome of the Eagle). As such, the
building very much follows the same plan as many of the converted churches that
were discussed earlier. In turn, the building, which has since become known as the
Umayyad Mosque, served as an inspiration for many future mosques, including
the Great Mosque of Córdoba (AD 784-786). The mosque, which also features the
world’s first minaret (which is itself a converted Byzantine tower) is an example of
what has since been termed as a hypo-style mosque, which represents the first of
the three principal mosque typologies.
The Umayyad Caliphate greatly expanded during the reign of Al-Walid ibn Abd
al-Malik and by the time of his death (AD 715) it had expanded as far east as Kabul,
and as far west as Morocco and the Iberian Peninsula. However, despite their
success in expanding the empire, the Umayyads were never universally popular. In
AD 750 they were overthrown by the Abbasids, who were supported by many Arabs
as well as many of the non-Muslim citizens, who were considered as lower classes.
Following the Battle of Zab, the majority of the Umayyad clan were slaughtered.
One of the few to survive was Abd al-Rahman I, who fled to the Iberian Peninsula
where he established the Caliphate of Cordoba, which survived until AD 1031.
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Fig 1.6
Cordoba,
The Great Mosque,
AD C. 8th.

Fig 1.7
Cordoba,
The Great Mosque,
AD C. 8th.

Fig 1.8
Isfahan,
The Great Mosque,
AD 771.
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Middle-Islamic Period (AD 750-1517)
Abbasid Caliphate (AD 750-1258) 5
The fall of the Umayyads would see Damascus stripped of its capital city status.
Following a brief return to Kufa, Al-Mansur (the second Abbasid caliph) chose to
establish a new capital city some 170 km to the north. For the majority of the
next five-hundred years the new city, Baghdad, would serve as the capital city of
the Abbasid Caliphate. It would soon become home to the House of Wisdom, a
major public academy and intellectual institution that would serve as the cultural
epicentre of the Islamic Golden Age. During this period, scholars associated with
the House of Wisdom, contributed greatly to the fields of philosophy, mathematics,
medicine, astronomy, and optics.

5. Ibid, 245-246.

Given Baghdad’s location, just 35 km to the north-west of Ctesiphon, the former
capital of the Sasanian Empire, it was natural that the Abbasid Dynasty was heavily
influenced by Persian culture. As such, the early architecture of the Abbasid era
was heavily influenced by Sasanian buildings and techniques. Given the lack of
available stone, buildings were typically constructed from mud brick, baked brick, or
rough stone set into mortar. In order to protect their substrate, walls were typically
covered in plaster, which being soft and malleable during construction is able to be
moulded into intricate reliefs. As such, three new types of stucco decoration were
invented in Samarra (which served as the Abbasid capital between AD 836 and 892)
and soon spread across the Islamic World and beyond. One of these styles, which
comprised repeating patterns of intertwined flowing lines would become known as
the arabesque style.
The largest surviving buildings from the Abbasid era tend to be mosques such as
The Great Mosque of Cordoba (AD 785), which followed the same hypo-style
typology that was utilised in the design of the Umayyad Mosque in Damascus.
However the Abbasid era would witness the conception of a second typology, the
four iwan mosque. The first of these was the Great Mosque of Isfahan (Iran) which
was originally built as a Hypo-style mosque, but following the fall of the city to the
Seljuq Empire, was remodelled with the addition of an iwan (a rectangular hall
or space, usually vaulted, walled on three sides, with one end entirely open to a
courtyard) to the centre of each of its four courtyard walls.
Following the fall of the Umayyads, architectural development in Damascus had
been limited, although the Abbasids did add the treasury dome to the Umayyad
mosque in AD 789. Following a period of relative obscurity for the former capital,
Damascus (along with much of Syria) was conquered by Ahmad ibn Tulun, a
dissenting Turkish governor appointed by the Abbasids, which ushered in a period
of independence that lasted until AD 970, at which time the city fell to the Shia
led Fatimid Empire. The Fatimid rule of Syria lasted for a little over a century,
during which Damascus experienced economic decline and a pronounced fall in
population.
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Fig 1.9
Samarra,
al-Daur Mausoleum,
AD 1085.

Fig 1.10 Damascus,
Bimaristan Nur al-Din,
AD 1154. (right)

Fig 1.11 Damascus,
Bimaristan Nur al-Din,
AD 1154. (far-right)
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Seljuq Rule (AD 1076-1174)
Fatimid rule of Damascus and Syria would end in AD 1076, with the arrival of the
Seljuqs who were independent of the Sunni Abbasids, yet operated under their moral
authority. The Seljuqs succeeded in greatly reviving the fortunes of Damascus, and
the city enjoyed an architectural renaissance during which a number of madrasas
(colleges for Islamic instruction) and maristans (hospitals) were constructed with
the aid of private funds6. One of the first projects undertaken by the Seljuqs was the
construction of the Citadel of Damascus in the north-western corner the city. The
Citadel forms part of the Ancient City of Damascus, which was listed as a UNESCO
World Heritage Site in AD 1979, and was built to house the administrative facilities of
the city.7
In AD 1129, Damascus fell under the jurisdiction of the Seljuq prince of Mosul, Imad
ad-Din Zengi, beginning a twenty year period during which the city would be ruled
by the Zengid Dynasty (a vassal of the Seljuq Empire). During this time the city
was greatly exposed to the influences of both Baghdad and Persia, which produced
innovations in both the arts and architecture. The degree of this influence becomes
particularly clear when one compares two of the surviving Damascene buildings of the
Zengid era with the Imam al-Daur Mausoleum that was constructed in Samarra (Iraq)
in AD 1085.

6. Blair, S. and
Bloom, J. Islamic
Arts (Art & Ideas),
132-133.
7. Archnet. "Citadel of Damascus"

Prior to its destruction by ISIS in October 2014, the Imam al-Daur Mausoleum had
been the earliest surviving example of a muqarnas dome in the Middle East. The dome
which features both interior and (less commonly used) external muqarnas clearly
seems to have served as an inspiration for the domes of two Damascene buildings, the
Bimaristan Nur al-Din, a historic hospital and medical school completed in AD 1154,
and the Madrasa al-Nuriya al Kubra (AD 1167), which comprises a madrasa, mosque
and a mausoleum, and which I will describe in more detail in section 1.4.

Fig 1.12 Damascus,
Madrasa al-Nuriya al
Kubra, AD 1167.
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Fig 1.13 Damascus,
eastern gate of the
citadel, AD 1203-14.
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Ayyubid Rule (AD 1174-1260)
Following the death of Nur al-Din (AD 1174), who had ruled over Damascus since the
death of his father, Imad ad-Din Zengi (AD 1146), Damascus fell under the jurisdiction of
the Ayyubid Dynasty (AD 1171-1260) which had been founded by Saladin (Salah ad-Din)
who had himself previously served under the Zengids. Saladin adopted the Citadel of
Damascus as his official residence and upgraded the defensive walls as well as modifying
its residential buildings. Shortly after Saladin’s death (AD 1193) the Citadel was badly
damaged by an earthquake (AD 1201) after which it was almost entirely rebuilt by Al-Adl
(Saladin’s brother and eventual successor) between AD 1203 and 1214. One of the most
striking and ornate features of the new design was the Eastern Gate, the design of which
features an exceptional example of muqarnas (further discussed in section 1.4).8
Much of the Ayyubid’s architectural legacy comprises military architecture, and this is
understandable given the fact that five of the nine crusades took place during this
period. Nevertheless, despite the obvious disruptions caused by these regular attacks,
Damascus continued to grow and develop thanks to the ‘tradition of courtly involvement
in the building and endowment of religious and charitable institutions, which had
begun under the Seljuqs’9. Under the Ayyubids, the rate of construction in Damascus
almost tripled and during the 60 years that followed the death of Saladin, almost 200
educational, religious or charitable institutions, were constructed.

8. Michell, G (ed.).
Architecture of the
Islamic World: Its
History and Meaning,
232.

9. Burns, R. Damascus, A History, 188

Although the city of Damascus was thriving the same could not be said for the Ayyubid
Caliphate as a whole. Following Saladin’s death there had been no clear succession
plan and consequently power had become divided amongst several emirs. Severely
weakened by the onslaught of the crusades the Caliphate soon began to disintegrate and
in AD 1229, Jerusalem was lost to the sixth crusade, which was led by Emperor Frederick
II of Germany, and The Yemen declared independence. The Ayyubids would lose their
capital, Cairo, during the seventh crusade (AD 1248-1254) when they were overthrown
by The Mamluks, who had previously served as their military, in AD 1250.
Following the fall of Cairo, Egypt was soon lost to the Ayyubids, who established a new
capital in Aleppo. However, a new threat had established itself in the east and in AD
1251, following the election of Khan Mongke, the Mongols began to move westwards,
having captured the Persian city of Isfahan in AD 1237. In AD 1258, the Mongols brought
about the end of the 500 year Abbasid dynasty when they killed its last caliph, alMusta’sim. This act was followed by the sacking of Baghdad, during which the House of
Wisdom was destroyed and ‘survivors said that the waters of the Tigris ran black with ink
from the enormous quantities of books flung into the river and red from the blood of the
scientists and philosophers killed’10 . This event would mark the end of The Golden Age
of Islam.

10. Frazier, I. Invaders: Destroying
Baghdad

Following the fall of Baghdad, the Mongols pushed further west, taking first Aleppo and
then Damascus, before sweeping up the remaining Ayyubid territories en route to Cairo.
However their advance was finally put to a halt by the Mamluks who defeated them at
Battle of Ain Jalut (AD 1260), before proceeding to push them back, taking first Syria
and then The Levant. Damascus would remain under Mamluk rule for the following 257
years.
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Map 8

Mongol Period AD 1350.
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Mamluk Empire

Mongols
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Late-Islamic Period AD 1700.
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Mamluk Rule (AD 1260-1517)
During the reign of the Mamluks, Damascus would serve as a regional capital, while
Cairo was retained as the capital of an empire that would essentially replace that of
the Ayyubids. The Mamluks were first led by Al-Zahir Rukn al-din Baybars (Baybars
I), who spent the majority of his seventeen year reign (AD 1260-77) pushing back
the crusaders and rebuilding the centralised Empire of Saladin. To this end, he
invested heavily in transport infrastructure, building roads and bridges that would
greatly reduce travel times across the empire. The improved network facilitated the
establishment of a postal network that connected the major cities.
With Baghdad in decline, Cairo would soon establish itself as the new cultural and
intellectual centre of the Islamic World, and a flourishing of architectural investment
would see its skyline transformed by the addition of a multitude of funerary domes
and minarets. These features became particularly prominent in Mamluk architecture
as a trend developed for wealthy individuals to erect their own memorials. Although
the building of individual mausoleums would remain popular, it also became
common for patrons to integrate their memorials into larger charitable institutions
such as mosques, madrasas, bimaristan, maktan (elementary schools) and sabil
(public fountains).11
This trend would rapidly spread throughout the empire, with Damascus being no
exception. During their 250 year reign, the Mamluks are thought to have constructed
2,279 major projects throughout their empire, 253 of which were built in Damascus.
One of the most notable of these projects is the Madrasa al-Zahariye, a former
residential building that was once home to Baybars I before being converted into
his mausoleum in 1277. The conversion featured the addition of a new portal that
includes a beautiful example of muqarnas. I will describe this muqarnas in further
detail in the following section.

11. Michell, G (ed.).
Architecture of the
Islamic World: Its
History and Meaning,
230.

As well as building on the legacy of the Ayyubids, the Mamluks also sought to
develop the wonderful infrastructural foundations that had been laid down by the
Romans, many centuries before. Of particular note in this regard was the excellent
water and sewage system, that served to keep households supplied with clean fresh
water, and to keep the city remarkably clean. A third advantage of the liberal supply
of water, is that it allowed the Mamluks to add to the city’s already prodigious
collection of hammams. Amongst these additions are the Hammam al-Jadid, the
Hammam Qaimariye, the Hammam Nur al-Din, and the Muqaddam Hammam, each
of which still survive and function commercially.
Unfortunately the city’s abundance of clean water could do little to prevent the
spread of the Black Death, which afflicted the city between AD 1348 and 1349,
resulting in the death of half its population. The city’s misfortune would be
compounded in AD 1400, when Damascus was besieged by the forces of the TurcoMongol Emperor, Timur. During the siege the Umayyad Mosque was burned and
many citizens slaughtered. Many men and women were taken into slavery including
a large number of the city’s artisans, many of whom were taken aid construction
projects in Samarkand (Uzbekistan).
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Fig 1.14 Istanbul,
Hagia Sophia, AD
537.

Fig 1.15 Edirne,
Selimiye Mosque, AD
1574.

Fig 1.16 Edirne,
Selimiye Mosque, AD
1574.

74

section 1.1
By AD 1514, the threat of the Mongols, who had been replaced in Persia by the Safavid
Empire (AD 1501-1736), had been replaced by that of the Ottomans. Following the Battle
of Chaldiran, during which the Ottomans took Anatolia from the Safavids, their leader,
Selim I, tuned his attention to the Mamluks. In AD 1516, he defeated the Mamluks at
the Battle of Marj Dabiq (close to Aleppo), during which their Sultan, al-Ghawri, was
killed. Damascus and Syria were brought under the rule of the Ottomans, Egypt would
fall the following year. The reign of the Mamluks had come to an end.

Late-Islamic Period (AD 1517-1922)
Ottoman Rule (AD 1517-1922)
The expansion of the Ottoman Empire would continue past Egypt and would eventually
stretch across North Africa as far as Western Algeria. The Empire had been founded
more than two centuries earlier in 1299, but had taken time to expand, indeed it had
only taken Constantinople (present day Istanbul) in 1453.12 The fall of Constantinople
was of great significance to the Islamic world, both politically and culturally, indeed the
Rashiduns and Umayyads had attempted to capture it as far back as the seventh century.
Following the fall of its capital, the Byzantine Empire rapidly collapsed and the Ottomans
were quick to move into their remaining territories.
The Ottomans, led by Mehmed II, would quickly rename the city Istanbul, making it the
capital of their own burgeoning Empire. One of Mehmed II’s first acts, as the city’s new
custodian, was to order an Imam to meet him at the gates of the Greek Orthodox Basilica
of Hagia Sophia. By chanting the adhan (the Islamic call to worship) the Imam effectively
transformed the Christian cathedral into a Muslim mosque. Thus, in the same way that
the Umayyads had previously transformed churches in Damascus, so the Ottomans were
transforming churches in Istanbul.13
The key difference however was that the form of Hagia Sophia was dramatically different
from the form of the Damascene churches. Rather than being comprised of three simple
aisles, the dominant features of Hagia Sophia were its huge (73 metre diameter) dome,
and the four half-domes that surrounded it. The building had been badly damaged
during the sacking of Constantinople, and so there followed a period of renovation
following which two minarets were added before the end of the fifteenth century. The
converted church would become a model for future Mosques, most notably the Selimiye
Mosque in Edirne (Turkey), which was completed in 1574, and was considered to be the
masterpiece of its architect, Sinan, and is still considered to be one of the greatest artistic
achievements of the Islamic World. The third mosque typology had been established.

12. Blair, S. and
Bloom, J. The Art
and Architecture of
Islam 1250–1800,
213.

13. Blair, S. and
Bloom, J. The Art
and Architecture of
Islam 1250–1800,
217-218.

As we have seen with many of the other Islamic cultures, Ottoman art and architecture
very much built on the foundations of its predecessors. As such, there are clear
influences from Byzantine, Persian, Armenian and Mamluk works of art. However,
whereas many of the preceding cultures had focused on the ornate decoration of
relatively simple structures, Ottoman architects were able to produce dynamic and
complex structures, based on domes, semi-domes, vaults and columns, that were further
enhanced by the addition of ornamental sculpture, such as muqarnas.
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Fig 1.17 Damascus,
Tekkiye Mosque, AD
1559.

Fig 1.18 Damascus,
Khan As’ad Pasha, AD
1752.

Fig 1.19 Damascus,
Azm Palace, AD 1749.
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Damascus had established itself as an important trading post during the Mamluk era
and continued to thrive under the Ottomans. Indeed despite being less populous
and economically successful than Aleppo, it tended to receive relatively more
support from the Ottoman Government than its size alone might have suggested.
Amongst the first buildings to be completed in the city during this time was the
Tekkiye Mosque, which was designed by the aforementioned architect Sinan, and
completed in AD 1559. It is considered to be one of the finest examples of Ottoman
architecture in the city.
The Tekkiye mosque, which also includes a madrasa, a mosque, a restaurant, a
hotel and a market (al-Rehawi, 1996, p. 83)14, follows the third mosque typology
(the dome) and its facade is notable for its use of ablaq, an architectural style that
made use of alternating bands of dark and light coloured stone and was popular
during the first century of Ottoman rule. Indeed it is during the early part of the
Classical Period of Ottoman Architecture (AD 1437-1703) that the dynasty leaves its
greatest imprint on Damascene architecture.

14. Al-Rehawi, A.
Damascus: Its heritage and its Historical
Landmarks, 83

Although there was little in the way of significant architectural development
in Damascus during the seventeenth century, there was something of a revival
during the eighteenth century when the Al-Azm family rose to prominence and
commissioned a significant number of buildings across the city, including scores
of baths, khans, schools and souqs, many of which still survive today. Most
notable from this period, which falls within the Middle or Modernization Period of
Ottoman Architecture (AD 1703-1876) are the Azm Palace, which was completed
in AD 1749 and sits within the walls of the Citadel, and the Khan As’ad Pasha,
which was completed in AD 1752. Both of these buildings feature the use of the
aforementioned ablaq style.
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Fig 1.20 The re-assembled
squinch
discovered at Nisahapur.

Fig 1.21 Tim,
Arab-Ata
Mausoleum, AD C. 10th.
View of the tripartite
squinch.
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1.2

DEVELOPMENT OF TRADITIONAL MUQARNAS

In the previous section we discovered how the Islamic style of architecture
developed and spread across the Islamic World between AD 622 and 1922. In this
section I will be focusing on the development of muqarnas within this context.
I shall begin by discussing the various theories as to where and when this unique
style of decoration first appeared. Secondly, I shall describe how muqarnas were
developed across the various regions of the Islamic World.

Inception of the Muqarnas
It is impossible to say with any certainty at what point in time and space the
muqarnas first appeared. What we do know, is that the art form had spread across
the entirety of the Islamic World by the end of the 11th century. However, there
exists evidence of early muqarnas, or muqarnas-like forms in five different locations,
which I will discuss over the following pages.

Western-Central Asia
The earliest known examples of muqarnas-like forms were uncovered in Nishapur
(north-east Iran) during archaeological digs led by Charles K Wilkinson (1935-40 &
1947). These took the form of several triangular shaped pieces of concave stucco
that Wilkinson and his team speculatively re-assembled to form a tripartite squinch.
It is believed that these fragments date from either the ninth or the tenth centuries,
as such one cannot determine whether they date from the period of Abbasid, or
Samanid rule in the region.
Although Wilkinson’s reconstruction remains speculative, Yasser Tabbaa believes
that the speculation is backed up by the existence of a similar tripartite squinch
that was built beneath the smooth brick dome of the Arab-Ata Mausoleum in the
village of Tim (Samarkand Region of Uzbekistan) and which also dates from the 10th
Century. However, he concedes that this example:
Is not so much of a muqarnas as of a dome that is well integrated with its
substructure by means of a somewhat less obtrusive transition zone.15
He does however assert the following:
A study of muqarnas vaulting should focus simultaneously on the earliest
occurrences of this decorative system and on those crucial junctures when a
particular architectural form is so subsumed by subdivision (or quarnasa) that it
must be described as muqarnas. This is not simply a matter of idle speculation,
for in domes muqarnas was first rather discretely applied only to the transition
zones before completely subsuming the entire form.15

15. Tabbaa, Y. The
Transformation of Islamic Art During the
Sunni Revival, 107
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Fig 1.22 Abarquh,
Minaret of Gunbad-i
‘Ali, AD 1056. Detail
of cornice.

Fig 1.23 Damghan,
Pir-i ‛Alamdar, AD
1027. Detail of tomb
tower.

Fig 1.24 Cairo,
al-Aqmar Mosque,AD
1125.
Chamfered
corner of the Al Aqmar
Mosque.

Fig 1.25 Cairo,
Minaret of Badr
al-Jamali, AD 1085.
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Iran16
Another early example of a muqarnas-like form can be seen in the cornice of the
Gunbad-i ‛Ali, a minaret situated in Abarkuh (Yazd Province, Iran) that dates from AD
1056. This example features three tiers of niche-like forms that combine to form a
highly sculpted band of masonry that forms a transition between the octagonal base
and the smooth hemispherical dome of the structure.17 Although this particular
example features the use of mortared rubble, the majority of similar contemporary
structures, such as the tomb tower of Risgit (c. AD 1100) would have utilized brick.
It has been speculated that this form of masonry detailing might have originated
from local building traditions such as those utilised in the Pir-i ‛Alamdar tomb tower
in Damghan (Semnan province, Iran), which dates from AD 1027.18

North Africa
Two further examples of early muqarnas-like forms were excavated at Qal‛at Bani
Hammad in Algeria, both of which are thought to date from the eleventh century.
The first of these features a group of parallelepipeds, which are three-dimensional
figures formed by six parallelograms. It has been speculated that these forms would
have combined to form clusters of pendants that may have hung from the corner of a
flat roof. However, Tabbaa points out that this hypothesis is not universally accepted
and furthermore stands outside the accepted line of development of muqarnas.19
The second of these discoveries featured a set of triangular concave units (similar to
those discovered by Wilkinson) with brackets. These have been dated to the middle
of the eleventh century and some believe them to be the oldest existing remains
of a true muqarnas vault (rather than simply a tripartite vault). However, given the
fact that the location of the discovery is so remote and removed from what would
have been the centre of the Islamic World at this time, few believe that this date and
location would have marked the inception of the first muqarnas.

16. Michell, G (ed.).
Architecture of the
Islamic World: Its
History and Meaning,
251-252.

17. Archnet. "Gunbad-i 'Ali",

18. Blair, S. and
Bloom, J. Grove Encyclopedia of Islamic
Art & Architecture,

19. Tabbaa, Y. The
Transformation of
Islamic Art During
the Sunni Revival

Egypt
Other researchers point to Egypt as a more likely location for the inception of the
muqarnas, not least because of its more central location within the Islamic World.
Tabbaa cites several examples of small mausoleums and squat minarets that date
from the eleventh and twelfth centuries and contain ‘transition zones and in
some instances exterior cornices, which are subdivided and elaborated to varying
degrees’20. These include the Minaret of Badr al-Jamali (Cairo, AD 1085) and the
façade niche hood and chamfered corner of Al-Aqmar mosque (Cairo, AD 1125).
Although these examples date from the period of Fatimid rule, it is believed that
these examples may have been developed by lesser patrons (who were more open
to inventiveness), rather than Fatimid caliphs or viziers (who tended to favour
smooth domes and simple squinches).

20. Tabbaa, Y. The
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Fig 1.26 Samarra,
Shrine
of
Imam
al-Dur, AD 1085.
Exterior view.

Fig 1.27 Samarra,
Shrine
of
Imam
al-Dur, AD 1085.
Interior
view
of
muqarnas dome.
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Whether or not these early examples of muqarnas-like forms were wholly original,
or inspired by previous works is a matter of debate. While K.A.C. Creswell believes
these forms to be ‘an entirely local creation’, Jonathan Bloom believes it more likely
that they were inspired by domes and minarets that once existed at the Haram of
Makka (the Great Mosque of Mecca)21. In his chronicles, Ibn Jubayr (AD 1145-1217)
describes the last of the four domes of the Haram as follows:
Over the portal is a large dome, remarkable because it is almost as high as
the adjacent minaret. Its interior is covered with marvellous plasterwork and
quarnasi carving that defy description. The exterior is also made of carved
plaster, resembling interlaced drums.22
Given the fact that Cairo would have formed part of the popular pilgrimage route that
reached Mecca by via a Red Sea crossing, it is highly likely that the lost architecture of
The Hejaz (the region that includes the cities of Mecca and Medina) would have been a
source of inspiration to Egyptian designers and craftsmen. However, given the fact that
the region was generally an importer of architectural styles (rather than an innovator),
few researchers believe that the muqarnas would have originated in the Hejaz.

21. Blair, S. and
Bloom, J. Islamic
Arts (Art & Ideas).

22. Tabbaa, Y. Andalusian Roots and
Abbasid Homage in
the Qubbat al-Barudiyyin in Marrakech, 142.

Iraq
A significant number of researchers believe that the most likely location for the
inception of muqarnas is Baghdad, which during the eleventh century, was the
cultural and scientific centre of the Islamic Golden Age. Unfortunately, due to a
combination of poor construction, natural disasters and war, the city contains very
few buildings that are more than eight-hundred years old.
However, there do exist two medieval paintings, dating from the fifteenth and
sixteenth centuries, both of which show the city with a proliferation of muqarnas
domes. Furthermore, we know that a wonderful example of a muqarnas dome,
dating from AD 1085, used to exist in the remote village of Dur, which is located
some 70 km north of Baghdad.23
Prior to its destruction by ISIS in October 2014, the shrine of Imam al-Dur featured
a dome that was comprised of both internal and external muqarnas. As the
photographs show, the building was comprised of an elongated cube, surmounted
by an octagonal drum, upon which stood three tiers of muqarnas that were topped
by a small cupola:
Internally, the square chamber (7.85 meters per side) is transformed into an
octagon by four squinches and four arches. A succession of four more eightcelled tiers with cells of decreasing size, each with a 45 degree rotation makes
up most of the dome, which is topped with a little cupola.24
Tabbaa believes that given its remote location, the shrine of Imam al-Dur is unlikely
to have been the first building in this region to feature muqarnas of this type. Indeed
it is his assertion that it is far more likely that such a design would have been first
developed and executed within a nearby urban centre, and given its close proximity,
this is highly likely to have been Baghdad.25

23. Archnet. "Qubba
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Conclusions
With regard to the two examples from Western-Central Asia, the presence of existing
tripartite squinches at the Arab-Ata Mausoleum gives credence to the argument
that the stucco remains discovered at Nishapur constitute one of the earliest known
examples of a muqarnas-like from. It is of course something of a stretch to argue
that these examples constitute fully developed muqarnas, however they certainly
give a clue as to how the art-form might have evolved.
As such one might compare the development of muqarnas to the development of a
human baby. One begins with a simple form, the single cell egg/squinch. Following
fertilisation the egg becomes a zygote and subdivision begins. After a certain
amount of subdivision the zygote develops into an embryo/tripartite squinch. It
has a definite form, yet it is not yet recognisable as a human/muqarnas. It is only
after significant subdivision that the embryo/tripartite squinch develops into a
recognisable human foetus/muqarnas.
The cornice of the Gunbad-i ‛Ali (in Iran) is however far closer in appearance to what
would become the traditional muqarnas form. However, although one can easily
identify what appear to be individual cells within the composition, one can also
plainly see that the form as a whole is constructed from mortared rubble. As such,
there is a question as to whether it can really be considered to be a true muqarnas,
or whether it is merely a form that has been moulded in order to resemble a
muqarnas. Furthermore, the fact that it dates from the early eleventh-century,
makes it doubtful that it was a wholly original form at the time of its execution. It
seems to be more likely that its form was influenced by existing examples.
Fig 1.28 Abarquh,
Minaret of Gunbad-i
‘Ali, AD 1056. Exterior view.
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Fig 1.29 Samarra,
Shrine of Imam
al-Dur, AD 1085.

With regard to the two Algerian examples there seems to be little support for
the first theory, and it is difficult to make a case for it being anything more than a
germinal or embryonic stage in the development of muqarnas. Given that it dates
from the middle of the eleventh century, the second Algerian example does not
seem old enough to be recognised as one of the earliest examples of a muqarnas
form, however it is easier to make the case for it being the earliest known example
of a muqarnas vault (as opposed to another kind of architectural form such as a
dome or frieze).
The case for Egypt being the birthplace of muqarnas also seems somewhat flawed.
The examples that Tabbaa cites all date from the eleventh and twelfth centuries, and
the general consensus amongst researchers is that it seems unlikely that they would
have been the first of their kind.
The argument for Iraq being the birthplace of muqarnas is strengthened by the fact
that the shrine of Imam al-Dur was the oldest extant example of a muqarnas dome
at the time of its destruction in 2014. While it is clear that Tabbaa does not believe
it to represent a prototype for the muqarnas form, his argument that there are likely
to have been predecessors in Baghdad is reasonably strong. However, he is unable
to provide concrete evidence and so it remains mere speculation.
As such, it is impossible to say with any degree of certainty where and when the
muqarnas form first appeared. Indeed it is entirely feasible that muqarnas were
developed concurrently in entirely different locations and for entirely different
reasons. As we shall discover in the next chapter, muqarnas are governed by very
precise geometric rules. As such, it is entirely feasible that two individuals, working
from a shared geometrical logic, would arrive at the same answer.
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The Architectural Origins of Muqarnas
There exist three principal theories as to why muqarnas were first created. The first,
is that they were purely decorative, the second, is that they performed a structural
function, whilst the third, is that they were developed to perform both structurally
and functionally.
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Due to the fact the earliest known examples of muqarnas were constructed from
plaster, the majority of researchers believe that they were first created in order
to perform a strictly decorative function. Writing in his article, ‘The Evolution of
Architectural Forms Through Computer Visualisation: Muqarnas Example’, Mohammad
A. Yaghan supports this theory, stating that ‘muqarnas was never a structural tool or
necessity’, and that ‘the greater number of muqarnas forms were decorative’.26
Other researchers, including Yasser Tabbaa, who focuses on the muqarnas dome of
Imam al-Dawr in Iraq, support the theory that muqarnas were developed for structural
reasons. They claim that the squinches of muqarnas allow for the provision of greater
spans without having to build large, heavy arches, and that the muqarnas’ tiered form
means that the thrust of a dome can be directed downwards into the corner of a
building without adding the extra weight of a pendentive.
The structural theory is also supported by Haidar, who suggest that squinches
and pendentives might be the origins of the muqarnas. In his opinion, both forms
originally helped to transform shapes from squares to circles. However, each squinch
or pendentive is only one groin, whereas a muqarnas in its simplest shape comprises
two groins that are both equal in shape, depth and width. Haidar poses the question:
‘Why do we not consider a single squinch to be the origin of the muqarnas, regardless
of where it is located in the building?’27
He argues that if the researchers (whom he does not name) are correct in their
assumption that the squinch and pendentive are indeed the origin of the muqarnas,
this would conflict with the fact that in surviving traditional monuments and buildings
the muqarnas are not limited to domes or transition areas but are applied to other
parts of buildings as decorative features on minarets, mihrabs, corridors, entrances,
arches and the capitals of columns.
The third argument combines both decorative and structural notions. In her 1992
article, ‘Practical Arabic Mathematics: Measuring the Muqarnas by al-Kashi’, Yvonne
Dold-Samplonius states that ‘the essential function of the muqarnas is ornamental’.28
However, writing together with Sylvia Harmsen in 2005, she states the following, ‘in
ceilings it [muqarnas] serves a clear architectonic aim or at the very least provides the
structural illusion of ascending movement culminating in a small cupola’.29
In their combined opinion, the purpose of a muqarnas was therefore to create an
architectural transition from a square to a circular shape, and muqarnas tended to
blur the distinction between squinch or pendentive and the different surfaces they
connected. Furthermore, they believed that muqarnas were used in association with
domes and arches and as decorative friezes. Like-minded researchers believe that
muqarnas had different applications depending on their location within a building.

section 1.2
Factors that Influenced the Development of Muqarnas
With regard to what inspired the inception and subsequent development of
muqarnas, several theories have emerged. These include societal influences,
religious factors, the influence of natural forms and symbolic factors. These theories
are of course all speculative as it is impossible to know what the designers of these
ancient forms were truly thinking. Furthermore, inspiration is likely to have been
drawn from a combination of these factors, rather than one in particular.

Societal
Islamic culture is expressed in a variety of different building types including houses,
palaces, mosques, schools, hospitals, hammams, citadels and mausoleums. The art
and architecture of the Islamic world makes an immediate impact on the observer
with its use of ornament and rich use of colour. However, it represent more than
an exuberant and expressive image of spectacle, rather it defines a rich culture that
for many centuries has unified the architecture of numerous towns and cities across
Europe, Africa and Asia.
As an architectural element, muqarnas have served the purpose of expressing
prosperity and stability. Their construction requires materials, experienced
craftsmen and artists, and therefore funding, which was usually provided by the
ruling classes. Cities used to prosper architecturally when they were the political
capital of the ruling power. As such, Damascus prospered architecturally during
the period when it served as the capital city of the Umayyad dynasty (AD 661 to
744), but fell into decline during the Abbasid dynasty, during which the new capital,
Baghdad, greatly prospered.
In order to express loyalty to the leader of a ruling dynasty, it was usual for a
local ruler to build new structures that would serve to emphasise the sovereign’s
power and to make use of architectural elements that represented that power.
For example, in the eleventh century, during which the Nur al-Din hospital was
built, Damascus was influenced architecturally by the Abbasid dynasty’s style that
emanated from Baghdad. Consequently, the Nur al-Din hospital contains four
iwans rather than one, and the use of exterior muqarnas domes reflects the fact
that they were popular in Baghdad at the time. Here I agree with Grabar when he
states that there were two motives for creating any artwork: those that derive from
personal reasons of the founder and those which have their source in notions of
public power and social responsibility.30
Houses in the Old City of Damascus all look very similar to each other from the
outside: very humble, and with minimal windows. When entering them, however,
one is able to determine the social class of the original occupant according to the
amount of decoration and ornaments that are evident. The greater the decoration,
the greater the prosperity of the family living in the house.
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There was a need for spaces in which communal life could take place so that
individuals could socialise with family, relatives, guests or neighbours. Usually
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socialising was segregated in terms of gender. Men would have their own space
for socialising, which would be close to the front of the house or at the entrance,
while women would have a separate space further inside the house. Usually the
communal social spaces for women would be more highly decorated, because that
was where women spent most of their time. Consequently there would tend to be
more decorative elements, such as muqarnas in the women’s quarters, compared
to the rest of the house.

Religious
Muqarnas were considered to provide a focal point that attracted the eye of the
observer; therefore they were usually placed above entrances to be more visible
and recognisable. Within houses, as well as in mosques, they used to be placed
facing towards the qibla, which, due to the fact that all Muslims pray towards the
same point, symbolises the unity within Islam. Usually muqarnas would be applied
to the prayer mihrab, as, for example, in the Umayyad Mosque.
From a constructional point of view, muqarnas are not considered to be separate
parts, but parts of a structural, unified relationship. A structure comprises different
units. One part cannot be separated from another, just as a human being is part of
a community and cannot live alone. Human society is part of nature and humans
cannot live without water, air, plants and animals.
Muqarnas comprise parts that are characterised by repetition, rising to the level
of rows forming infinite sequences that echo the operations of escalation in Sufi
thought, with the ideas of worshipping God, and mentioning, reciting, calling and
remembering him. Furthermore they suggest the invocation of the names of
God and the mention of his good qualities: ‘divine’, ‘pure’, ‘honourable’, ‘peace’,
‘majesty’, ‘supreme’, ‘creator’, ‘giver’, the ‘all-knowing’, are some of these qualities.
In Islam, God has ninety-nine names plus the supreme name of God, Allah. They
are referred to in the Quran as ‘the beautiful names of God’. By repeating the
names of God and worshipping him, there is the sense of moving from one state to
another, and from one level to another with regard to the refinement of the human
soul and purity of conscience in relation to the creator.
In the formation of muqarnas, unity has an important role to play. Despite the
permanent outward change of the configuration of muqarnas, the units of the
muqarnas composition are characterised by unity, as their formal features and
compact method of construction next to each other create a unity; just as ranks of
people holding hands with each other indicates the unity commanded by the one
God.

31. Ghassemi, K.
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Islamic art and architectural elements and forms have confounded researchers with
regard to their internal meaning. It has been argued whether they have symbolised
certain understandings and beliefs related to Islam, or whether they may have
been factors in creating the unity of Islamic architecture. ‘Most of those who have
studied Islamic architecture have concluded that the finer points of the in‐depth
and profound meaning rest within it.’31

section 1.2
The art and architecture of the Islamic world have essential unifying characteristics,
regardless of their geographical diversity and the fact that they might belong to
different centuries. Although many buildings were built centuries, or long distances,
apart they were nevertheless built in a similar style. This element of unity is always
present, and this has perplexed many researchers. Despite that fact that Islamic
architecture was built using local materials and techniques, the ambience is always
similar, whether one is visiting a mosque in India or a palace in Morocco. As Nurhan
Atasoy and Afif Bahnassi state in their book ‘The Art of Islam‘:
Since Islam has not encouraged the representation of the human figure in art, a
unified decorative style evolved which was spread throughout the Islamic world
by craftsmen traveling from one country to another. Often enormous distances
were covered; for example, Central Asian artistic themes came to Anatolia via
Iran through Turkish tribal migrations and with the Mongol armies. 32
The element of unity is usually considered to be indicative of Islamic theology. It is
one of the most fundamental concepts in Islam that God is one and single. Unity in
Arabic is tawhid, meaning the oneness of God. A faithful Muslim truly believes in
this concept of unity/tawhid. The concept of unity, together with the uniqueness of
regional style, is reflected in the muqarnas.
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The Influence of the Islamic Notion of Beauty on Muqarnas
A number of researchers have suggested that the first thought that comes
into one’s mind when looking at the very distinct and innovative images of the
muqarnas is their beauty. It is therefore possible that beauty was one of the
primary considerations that craftsmen had in mind when creating these decorative
elements. In the Islamic religion it is believed that human beings are the beautiful
creations of God, and that we are His design and that He has made human beings
a reality by creating them. It is why architectural craftsmen always aimed to make
their creations beautiful. Usually they were anonymous artists and left a great
architectural heritage without names on their work as they believed God was the
creator of their structures.
Between the tenth and twelfth centuries AD, Muslim intellectuals, such as Ibn Hazm
(born in Córdoba in 1198), Ibn Sina (born in Bukhara in 980, and known in the West
as Avicenna), Ibn Rushd (known in Latin sources as Averroes, born in 1198), and Ibn
al-Haytham (born in 1039), discussed, either directly or indirectly, the concept of
beauty and ugliness. The notion of aesthetics had already existed since the Greek
philosophy of Plato and Aristotle, and also existed in Christian thought in the Middle
Ages.33
The concept of beauty therefore occupies an important part of traditional Arab
and Islamic philosophy. Islam testifies that beauty is proof of God’s work. For
Muslims, the idea of beauty, or its vision, is praise: praise to God, or beauty simply
in mentioning the Almighty. In the Islamic religion, birds tweeting and flowers
opening are praise to God. Islamic art and architecture are the result of a profound
praise directed towards God, and they aim to fill the universe with an echo of the
continuity and unity of God against the fragmentation of the world.
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In both European and Islamic architecture in the fourteenth and fifteenth centuries
AD, it was thought that beauty was related to certain proportions that existed in
the relationship between space, volume and form. As such, many craftsmen had
one major mission, which was to achieve the correct proportions required, whether
by depending on their intuition and talent, or on their talent and mathematics in
collaborating with mathematicians of the time.
Following the Umayyad occupation of Syria and Damascus in AD 661, there was
a fusion of two distinct architectural styles, the Byzantine and the Islamic. As
a result, magnificent architecture was produced, which was repeated in all areas
subsequently occupied by Muslims and Christians. A sense of aesthetic values
stems from human culture and thought, as well as drawing heavily on mathematics
and geometry. A sense of beauty, however, is thought to be proof of the Creator’s
ability, rather than the ability of human beings. As Cornell stated:
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The artist is allowed to produce works of beauty about God, however, the artist
cannot originate something out of nothing, or create without precedent. The
challenge is how to create beauty out of words, sounds, colours, and materials
without abrogating to oneself the role of ultimate creator.34
Islamic art is not based on simulation because it is related to the perceptions of
place, in terms of the environment, culture and spirituality. The craftsman stays
close to those perceptions through his intuition, experience and analysis of what is
required.
To understand phrases from the Quran or Hadiths, such as the above-mentioned
phrase from the Hadith ‘Allah is beautiful and loves beauty’, it is essential to mention
that there are two schools of philosophical thought that have to be understood. The
first is known as Zahiri, which approaches the text in its literal sense or ‘external’
meaning, while the second is known as Batini, meaning ‘inward’ or hidden meaning
of the text.35
Islamic artwork consists of two determinants, as there is always a hidden grid or
structure that the final visible product is built upon, similar to the bilateral concept
in the Islamic religion of the visible and the invisible. In any representational art,
elements are distributed in space according to the laws that govern light and shade.
This may be reminiscent of the visual image of light and shadow that is obvious in
the creation of the muqarnas wherever they are placed in a building.
In the Quran, God describes Himself as ‘’alim al-ghayb wa al-shahada’’ or ‘the One
who knows the unseen/unknown/invisible and the visible/known/ present/evident’.
The Quran describes ghayb, meaning ‘invisible’, as something that is known to
God only, or things that human beings cannot perceive through natural means of
attaining knowledge: that is, through one’s senses, intuition, reason or logic. Ghayb
are things that are beyond the perception of human beings. This term occurs 49
times in 48 verses of the Quran.36 As stated in al-An’am Al-An’am in the Quran:
With Him are the keys of the unseen (ghayb). No one knows them other than
Him. He knows what is in land and sea. No leaf falls but He knows it; nor is there
a grain in the darkness of the earth or a green or dry thing but in a manifest Book.
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Ghayb therefore implies that people cannot know many things or, even when they
are brought to their notice, they cannot be totally certain of them, because they
cannot check and verify them directly. Accepting such non-provable things as facts
becomes a matter of faith.
If the bilateral concept of the visible and invisible in Islam is acknowledged, it
can be seen how it is reflected in the creation of Islamic art and architecture
in craftsmen’s techniques of artistic production. The beauty of Islamic art and
architecture (including the muqarnas) might be the result of a geometric technique;
a mathematical system that controls geometric shapes, colours, lines, and points.
They form the artwork elements and constitute the apparent world, which seems
to rise, proceed, avoid, separate, combine, intersect, meet and run in parallel with
the hidden system that is faith, which we recognise and seek from the beginning of
the creative process.
In Islamic art and architecture, the unseen, hidden and invisible grid systems are
examples of holistic and comprehensive geometric engineering that are used to
create the final product. This technique is specifically applied to Islamic patterns
and muqarnas. Here, the visible effects are the shapes, lines, colours and symbols
that are the final products of the art, which, however, include a hidden system that
governs their path and also governs their relationship to each other and controls
their destiny.
The beauty of the art and architecture of the Islamic world stems from its
distinctive character, which is the result of the absolute abstraction of elements.
For example, geometric shapes such as circles, squares or stars are all considered
abstract elements; they do not represent reality or real physical objects. Such art is
characteristically consistent and also full of variety.
Many muqarnas take the form of geometric motifs: for example, various star shapes
that obtain a radial image where we can see the universe revolving around one
orbit. A Muslim artist in contemplative mode is interested in revealing the essence
of the cosmic, or representing some ideas of the cosmic such as setting out the
notion of the whole and its parts, or using abstract elements such as a star.
According to Afif Bahnassi, the importance of the meaning of the star for Muslim
Arabs, which refers to light and is the closest description of God allowed in Islam,
is paramount, and artists studied the stars as they considered them to be key
elements in Arabian decorative art.37 The star sides help to form other stars, or
combine with other stars in a complex harmonious constant, so the star of all stars
appears to be in tune with other parts of other stars, forming a coherent, limitless
entity, as if the artist were planning to depict the sky on the canvas of the dome.
I believe that all the symbolic objects and technical geometric systems mentioned in
this section that are applied in Islamic art and architecture, including muqarnas, help
to achieve the distinctive and beautiful characteristics of Islamic architecture. The
techniques discussed above all stem from Islam, and were applied by traditional craftsmen
to Islamic art and architecture. Their aim was to achieve beauty in their creations, and to
reflect the beauty desired by God and created everywhere in His universe by Him.
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Some researchers consider the origin of muqarnas to have been influenced and
inspired by nature. This is because long ago, artists discovered natural forms when
contemplating the elements around them. For example, polyhedral muqarnas
units are thought to be replicas of honeycombs or stalactites and traditional Islamic
artists may have been inspired by these shapes that occurred in the world around
them. They may have not only reflected this perspective but also translated their
impulses into geometric shapes. It is interesting to note that on seeing the internal
attachment ribs of muqarnas exposed after the surface panels have fallen away,
Western travellers have referred to muqarnas as ‘honeycombs’.38
There are many elements in nature that remind the observer of the muqarnas form,
and the desert, where Muslim artists originally lived, has its own vernacular. For
example, the fluid lines of sand dunes are often endlessly repeated, and this almost
certainly would have influenced the creation of muqarnas forms.
In Arab regions of the world and other Muslim countries, a hot, dry, harsh and cruel
climate has had a clear impact on architectural form. The architecture is mostly
environmentally based around the distribution of air, sound and dim lighting to
achieve climatically comfortable conditions, together with tranquillity, to enhance a
psychologically balanced and stress-free atmosphere, and an essence of spirituality.
This is clear in cavities containing multiple muqarnas, with the help of stalactites
that promote the circular motion of air inside the cavities. It was known that hot
air rises and cold air sinks to replace it, thus causing the air to become more humid
leading to a subsequent drop in temperature.
Traditional craftsmen and artists were inspired by limestone shapes and frozen
stalactite formations, and Islamic architecture was also rich with naturalistic (floral)
wall paintings. The craftsmen would have recreated naturalistic shapes, forms and
configurations using bricks and plaster on both the interior and exterior of buildings,
and their knowledge and skills would have developed to the point where muqarnas
would not add weight to buildings.
Both religious and social factors, inspired by natural elements, combined to create
the art and architecture, of the Islamic world and muqarnas in particular. Aesthetic
expressions derived from, or influenced by, nature were created that conformed to
Islamic thought, religious legitimacy and moral constants.
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The Meaning of Muqarnas: Religious or Secular
There are two theories relating to the meaning of the art and architecture of the
Islamic world. The first claims that their various elements hold spiritual meanings
contained within them, and that these meanings stem from Islamic theology.
According to Seyyed Hossein Nasr:
Islamic art is based upon a knowledge which is itself of a spiritual nature,
a knowledge referred to by traditional masters of Islamic art as hikma or
wisdom. … Intellectuality and spirituality are inseparable, being facets of the
same reality.39
The second theory claims that the art and architecture of the Islamic world have
no symbolic meanings, and that they are divorced from the principles of Islamic
revelation. Rather, it is suggested that the style was created to adapt to the new
political, cultural and social conditions created by Islam. As Hashim Al-Tawil states:
Early Islamic art borrowed from the different cultures encountered in its
expanding path (Byzantine, Sasanian, Indian...) and soon integrated those
cultures to reintroduce them in a unique format that responded to its tradition
and Islamic theology. 40
For example, the Umayyad Mosque in Damascus, one of the oldest mosques of
the Umayyad dynasty, contains Corinthian columns that belong to the previous
Byzantine ruling dynasty.
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Traditionally there was no segregation between the religious and secular in Islam:
traditional societal elements were influenced by the divine law of Islam just as much
as the religious elements of society. As Behnam, Ghasemzadeh, Atefeh Fathebaghali
and Ali Tarvirdi Nassab have mentioned:
Throughout history, Islamic signs and signification were recognized and appreciated
by both Muslim and Non-Muslim scholars. The Islamic style of architecture is not
only used in mosques, but also in other Islamic buildings and even in gardens. The
architecture encompasses both secular and religious artistic styles.41
Even so, Islamic art and architecture had different forms and features that received
different patronage. Some were religious (such as the Quranic arts of psalmody and
Kufic calligraphy), while others were patronised by the court or ruling classes (for
example, music, poetry and painting). Traditionally, a ruling power took spiritual
guidance from Sufis, religious people who influenced the domain of traditional
Islamic art and architecture.42
There was a very strong relationship between the mosque and the court, and
between the religious and secular parts of traditional Islamic society, and this
relationship greatly affected Islamic art and architecture in many buildings,
whether religious or secular (in the modern sense of the word). A traditional artist
was affected by Islamic theology and spirituality as it was part of his upbringing
and development, and he was also immersed in the process of observing other
craftsmen, either his peers or his master, experimenting with their art and crafts.

41. Ghasemzadeh,
B., Fathebaghali, A. &
Nassab, A. Symbols
and Signs in Islamic
Architecture, 62.

42. Nasr, S. Islamic
Spirituality – Foundations: Volume 1, 12.
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Islamic architecture gained a new and attractive pictorial appearance with the
development of muqarnas forms. These governed the interior, and sometimes the
exterior, of both religious and secular Islamic buildings. Muqarnas were used on
a variety of monuments (mosques, schools, hospitals, palaces, khans, mausoleums
and private residences) that are still standing as a splendid reflection of their Islamic
culture and legacy.43
In searching for an answer to the meaning of muqarnas in Islamic architecture
and their designers’ aim in creating them in the first place, the subject of whether
their meaning is symbolic of religious beliefs or derives from secular theories
appears to be debatable. Yaser Tabbaa claims the meaning of muqarnas is within
this architectural form, ‘that the division of a dome into segments implied a certain
conception not just of the dome but also its referent, the universe.’44 Therefore,
‘the dome of the muqarnas is like the universe divided into small but distinct units
arranged in a complex manner.’45
Grabar, in his book ‘The Alhambra’, thought the answer to this question was related
to external factors rather than to the form itself. He claims the muqarnas represent
a ‘rotating dome of heavens.’46 When Islam took over Middle Eastern countries
it allowed them to keep their own civil laws, customs and cultural traditions, as
it was realised that this religion would not be suitable for everyone who lived in
the conquered countries, and that it would not be able to cover every issue that
might arise from day to day. At the same time, civil and religious laws were closely
interwoven and represented a single body of knowledge based on the interpretation
of the Quran:
The Holy Koran formed the basis of the Islamic culture in every sense … it was
not only a spiritual guide for all Muslim peoples, but also provided them with a
legal, social and cultural foundation.47
Despite the spread of Islam into Middle Eastern countries, local techniques were
kept and local materials used in art and architecture. For example, columns from
surrounding ruins were used in new structures, and when the original resources
were exhausted, artists started producing columns from new local materials. In
the early stages of Islamic art and architecture, Islamic requirements merged with
the existing cultures, whether Byzantine or Persian civilisations. Examples may
be found in Palermo in Sicily, in the Palazzo dei Normanni and the chapel of the
Cappella Palatina, the latter being the finest example of Arab-Norman art.
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Both the palace and the chapel are examples of different styles, time periods and
cultures intermixing to create what we know as the palace today. Built by Roger II
from 1130 to 1140, the chapel is ornamented with extraordinary Norman, Byzantine
and Arabic mosaics coexisting on the walls, floors and ceilings.48 The wooden ceiling
is most likely the work of Tunisian artists, and it includes a splendid tenth-century
Arab honeycomb stalactite wooden muqarnas. The ceilings are painted with
depictions of biblical stories and decorated with scenes of both Arab and Norman
court life, including animal hunts, dances and even a picnic in a harem.
In the newly conquered territories, existing arts were studied enthusiastically by the
Arab conquerors, particularly those of the Umayyad dynasty. Once the countries
had been secured, centres of learning were founded with the production of Arabic
translations of all the major works that had previously been written, including
those of the Greeks. Muslims would first build a madrasa (or several), and in
large cities they even built universities, together with mosques. It is interesting
how schools and mosques acted in tandem in the occupied cities of Islam. That
fact might provide an insight into how important the new religion and its theology
were considered to be, together with learning from, and spreading knowledge of,
ancient civilisations. Arabs also moved into new methods of experimentation and
observation, which they implemented in various fields, such as chemistry as well as
in art and architecture.49
It is essential to emphasise that the Islamic religion merged with people’s day-to-day
activities, including those of traditional craftsmen, who designed and constructed
muqarnas. ‘Islamic spirituality is of course also related to Islamic art through the
manner in which the Islamic rites mould the mind and soul of all Muslims including
the artist or artisan.’50
By the twelfth century, when the muqarnas forms were spreading as prestigious
architectural features, it became more of a geometric challenge for the craftsmen to
produce muqarnas, and an individual style started to emerge within the boundaries
of Islamic art and architecture according to the geographical area concerned,
together with its local techniques and materials. For example, calligraphy was used
in almost all Islamic art and architecture, which is why it is considered a unifying
element, but it was also created in different styles according to the geographical
region concerned. ‘Fine script, or calligraphy, was also developed for its own sake
into one of the highest forms of Islamic art and is found in many different styles’.51
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Fig 1.30 Baghdad,
Zumurrud
Khatun
Mosque, AD 1193.
Interior view of the
muqarnas dome.

Fig 1.31 Isfahan
Province, Shrine of
Shaykh
‛Abd
al-Samad in Natanz,
AD 1325. View of
the muqarnas dome.
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Regional Development of Muqarnas
By the end of the 11th century the use of muqarnas was widespread across the
Islamic World, with examples appearing as far east as Uzbekistan and as far west as
Algeria. Over the following centuries they would become an increasingly popular
form of architectural expression and there would development several regional
styles, which I will describe over the following pages.

Iraq
As noted previously, the shrine of Imam al-Dur had been, until recently, the oldest
extant muqarnas dome in the world. This style of tall conical dome, comprising
both internal and external muqarnas, would become popular, not just locally, but
also across the Islamic world and beyond. One of the most celebrated examples is
the Zumurrud Khatun Mosque, which was built in Baghdad in AD 1193 by the 34th
Abbasid caliph, al-Nasir for his mother.52 The design features an octagonal base, on
top of which stands a tall conical dome that Tabbaa compares to a ‘pine-cone’. The
interior of the dome features an ‘extremely unobtrusive squinch zone’ which segues
the octagonal base into a dome that features eight lower-tiers of sixteen units, and
three tiers of ten units. The muqarnas units of the upper eight tiers are notable
for their use of small glass elements, which serve to produce an incredible glowing
effect in the interior.
Although the two above-mentioned examples both featured in mausoleums,
their use was not limited to religious buildings. By the beginning of the twelfth
century, the tall muqarnas dome had developed into something of an emblem of
the Abbasid dynasty and consequently became extremely fashionable due to its
‘formal complexity, exotic appearance, and possible astral associations’.53 As such
it was frequently used in secular buildings including garden pavilions and palaces.
During the mid-twelfth century, the form was even used in a secular non-Islamic
environment as it inspired the Mouchroutas, a conical structure that sat adjacent to
the principal throne room of the Byzantine Imperial Palace in Constantinople.

52. Michell, G (ed.).
Architecture of the
Islamic World: Its History and Meaning.

53. Tabbaa, Y. The
Transformation of Islamic Art During the
Sunni Revival, 128

Iran and the Eastern Islamic World
Despite the fact that some of the earliest evidence of muqarnas-like forms were
discovered in Nishapur,54 fully fledged muqarnas do not seem to have been developed
in Iran until the Ilkhanate dynasty of the Mongols (AD 1255-1353). As such, some
of the oldest existing examples of Iranian muqarnas belong to the Shrine of Shaykh
‛Abd al-Samad in Natanz (Isfahan Province, Iran).55 Construction of the shrine took
place between AD 1304 and 1325 and the building comprises a four-iwan mosque,
an octagonal sanctuary, a minaret, and a second mosque that was added during the
1930s. The building comprises two stucco muqarnas domes, which are situated in the
north and south iwans, as well as a number of half-domed muqarnas portals, which are
embellished with turquoise tiles. The sophistication of these muqarnas suggest that
they were a development of earlier examples. Indeed fragments of what appeared to
be a stucco muqarnas were excavated at a former Ilkhanid Palace at Takht-i Sulayman

54. Tabbaa, Y.
"Muqarnas".
55. Archnet. "Masjid-i Jami' (Isfahan)".
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Fig 1.32 Turkestan,
Shrine of Khwaja
Ahmad Yasavi, AD
1407.

Fig 1.33 Isfahan,
Shah Mosque, AD
1629.

Fig 1.34 Edirne,
Shah Mosque, AD
1754.
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(north-west Iran), which are thought to date from around AD 1275. Also discovered
was an inscribed stucco plate that appears to contain the plan of a quarter muqarnas
vault. This plate will be discussed in further detail in the next section.56
Following the fall of the Ilkhanids in AD 1353, muqarnas designs continued to be
developed during the rule of the Timurids (AD 1370-1506), and some wonderful
examples can be seen at the Shrine of Khwaja Ahmad Yasavi which was built
between AD 1389 and 1407 in the city of Turkestan (Kazakhstan). The shrine
features muqarnas vaults in its large central room, its mosque and within its tomb.
These vaults represent a development of earlier designs in that they feature a ‘radial
organization and emphasis on the ribbed crown’.57 Also noteworthy are the tiers of
muqarnas cells on the exterior of its smaller dome, which form a transition between
its cylindrical base and bulbous ribbed upper-dome. This type of swelling dome
would become one of the defining features of the architecture of the Timurids as
well as their heirs, the Mughals, who would famously incorporate them into the
design of the Taj Mahal (Agra, India, AD 1632-53).58 Although muqarnas experienced
something of a decline during this period, it was a Timurid mathematician, Ghiyath
al-Din al-Kashi, who produced the first known treatise on them within his work
Miftāḥ al-ḥisāb (Key to Arithmetic) in AD 1427.59
Muqarnas continued to be used and developed during the Safavid dynasty (AD 15011732) perhaps most impressively at the Shah Mosque of Isfahan (Iran), which was built
between AD 1611 and 1629 and is considered to be one of the masterpieces of Persian
architecture within the Islamic era. Although they are not used in the mosque’s
interiors, where the ceilings are defined by large tiled facets, muqarnas are used to
spectacular effect in the main entrance, which features seven-coloured tile mosaics.
Similarly impressive muqarnas tiling would also be developed for the Čehel Sotŭn,60 a
pavilion which forms part of the Persian Garden, which was built for Shah Abbas II in
AD 1647. Here, the muqarnas of the entrance portal are adorned with mosaics that
feature mirror tiles, creating an extraordinary shimmering effect.

56. Blair, S. and
Bloo.m, J. The Ilkhanid Palace.

57. Tabbaa, Y. 2003
“Muqarnas”

58. History.com Editors. "Taj Mahal"
59. Dold-Samplonius, Y. Practical Arabic
Mathematics: Measuring the Muqarnas
by al-Kāshī.

60. Luschey-Schmeisser, I.
"Čehel Sotŭn"

Anatolia
Muqarnas were introduced to Anatolia (the Asian part of Turkey) during the late
eleventh century during the early period of the Seljuk Dynasty (AD 1037-1194).
Although they were influenced by examples from neighbouring regions, such as Iran
and Syria, the Anatolian designers would not generally use muqarnas in transition
zones between squares and circles (domes), preferring instead to make use of prismatic
consoles. They would instead use the form of muqarnas units to perform a variety of
other architectural tasks. As such one can see muqarnas used in the hoods of mihrabs
at the Sahib Ata Mosque in Konya (AD 1258)61 and the Çifte Minareli Madrasa in Sivas
(AD 1271)61; to ‘mark the transition between shaft and roof on tomb towers’61 at Döner
Künbed in Kayseri (Turkey, AD 1275)61; on the capitals of columns at Ulu Cami in Afyon
(AD 1273)61; and to support the balconies of minarets in the Ince Minareli Madrasa
in Konya (AD 1260-65)61. The use of muqarnas would continue during the Ottoman
Dynasty (AD 121-1924), during which they were just one of many decorative devices,
as can be witnessed in the Selimiye Mosque in Edirne (AD 150-7).61

61. Tabbaa, Y. 2003
“Muqarnas”
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Fig 1.35 Cairo,
al-Salih Ayyub
Complex, AD 1250.

Fig 1.36 Palermo,
Cappella
Palatina,
AD 1153. Wooden
muqarnas ceiling.
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Egypt
Within Egypt, the ‘first complete and sophisticated’62 examples of muqarnas date
from the Fatimid era and are found on the facade of the Aqmar Mosque in Cairo
(AD 1125). In this instance, four tiers of muqarnas adorn a rectangular pattern on
the facade, while a hood ‘with two tiers of inscribed muqarnas’ allows a chamfered
corner of the building to be united with the right-angle corner above.

62. Tabbaa, Y. 2003
“Muqarnas”

The use of muqarnas in Egyptian architecture would not however become common
until the Ayyubid period (AD 1171-1260) where one can see them in the al-Salih
Ayyub Complex in Cairo63 (AD 1242-1244), where they are used to adorn the walls of
an octagonal transition area that joins the square room below to the circular base of
the dome. The muqarnas in this instance are simple in design and are rendered in
a stucco that hides the joints between the units, they are also used to define twelve
hexagonal stained-glass windows.
The use of muqarnas continued into the Mamluk era (AD 1250-1517) and its first
sultan, Barbars I, is credited with the introduction of the stone portal with muqarnas
hood that became popular throughout the Mamluk empire. Examples of these
portals, which form a striking kind of negative sculpture, can be witnessed at the
Masjid al-Sultan Hasan in Cairo (AD 1356-1362) and the Madrasa al-Zahiriya in
Damascus, (AD 1277).

Sicily63
Sicily represents perhaps the most surprising location for the use of muqarnas.
Although the island existed as the Emirate of Sicily between AD 831 and 1091,63
there is no evidence to suggest that any muqarnas were constructed during this
period. That would however change between AD 1131 and 1153, when the Christian
Cappella Palatina was commissioned by the newly crowned Norman ruler, Roger II of
Sicily.
The chapel, which forms part of the Palazzo Reale, is similar in form to a domed
basilica and its walls are adorned with paintings that depict figural, vegetal and
epigraphic motifs. The chapel’s nave is formed from an exquisitely elaborate
wooden muqarnas, which are painted with miniatures similar in design to the large
version that adorn the walls. Further examples of muqarnas can be found in the Ziza
Palace (AD 1165-7)64, which is also in Palermo. In this instance the muqarnas vaults
are formed of stone that has been carved in-situ.

63. Michell, G (ed.).
Architecture of the
Islamic World: Its History and Meaning.

64. Dummet, J.
Palermo, City of
Kings: The Heart of
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Fig 1.37 Granada,
Alhambra
palace.
Muqarnas ceiling.

Fig 1.38 Damascus,
Bimaristan Nur al-Din.
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Spain
As we learned earlier in this chapter, southern Spain became the last bastion of
Umayyad dynasty following the ascension of the Abbasids in 750. The region
would continue to form part of the Islamic World until the fall of the Emirate of
Granada in AD 1492.65 The heart of the emirate was The Alhambra, which had
been first erected in AD 1238, and periodically remodelled and expanded over
the following 250 years.
Amongst these additions were the Sala de los Abencerrajes and the Sala de Dos
Hermanas, which were built between AD 1354 and 1359 and feature muqarnas,
which according to Tabbaa, ‘expand the concepts of ephemerality’. ‘Illuminated
by modulated sources of lighting, these ever-changing domes appear to
defy gravity, leading such scholars as Grabar to consider them architectural
representations of the dome of heaven.’66 Such was their influence, the use of
muqarnas in Spain would even extend into Christian rule as can be seen in the
Alcázar of Seville (AD 1364–6).

65. Michell, G (ed.).
Architecture of the
Islamic World: Its History and Meaning.

66. Tabbaa, Y. 2003
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Syria
The earliest examples of muqarnas in Syria are found in the Bimiristan Nur
al-Din, a hospital and medical school that was completed in 1154 during the
Zengid era. The building features a ceramic pine-cone style muqarnas dome,
similar to those found in Iraq, which features openings that bring light into the
building. The interior of the dome is flanked by two niches, each of which is
composed of stucco muqarnas that are attached to a wooden frame, which in
turn is suspended from the structural ceiling.
Perhaps the most notable feature of the building is its principal entrance, which
features a shallow muqarnas hood that is composed of stone. This style of stone
portal would become extremely popular in the Syrian capital during the both the
Ayyubid (AD 1169-1260) and Mamluk (1260–1517) periods.65
Ernst Herzfeld (1879-1948) identified two types of muqarnas dome developed
during Ayyubid period. The Western type ‘rises from muqarnas pendentives,
whereas the vault of the Iranian type rests on squinches themselves made of
muqarnas cells’.66 The Western type seems to pre-date the Iranian type and
features in the Shadbakhtiyya Madrasa (1193) in Aleppo. However, the Iranian
type, which features in both Firdaws Madrasa (1235) in Aleppo and the Zahiriyya
Madrasa in Damascus65 (1279) seems to have become the dominant of the two
styles.
Muqarnas also feature in the enormous stone capitals of the Great Mosque of
Harran (now located in south-east Turkey), which was constructed in the latetwelfth century as well as in the column capitals of the aforementioned Firdraws
Madrasa. This style of column capital would later spread north to Anatolia.66
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Fig 1.39 The
Ilkhanid Plate.

Fig 1.40 A projection of Yaghan’s
proposed interpretation (Photo courtesy
of Shiro Takahashi’s
website.
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1.3

GEOMETRY

In this section I look at the geometry of traditional muqarnas compositions. I begin
by looking at muqarnas in plan and studying how they work in two-dimensions. I
describe the geometry represented on the Ilkhanid Plate and make comparisons
between muqarnas compositions and geometric tiling patterns. I then discuss how
the two-dimensional plan of the muqarnas is translated into the third dimension,
before moving on to describe the various geometrical styles and architectural
applications of muqarnas. I conclude the section with four case studies of muqarnas
compositions from Damascus, before introducing the documentary film that I
produced to accompany this thesis.

1: The Muqarnas in Plan
The Ilkhanid Plate
As mentioned previously, fragments of what appeared to be a stucco muqarnas
were excavated at the former Ilkhanid Palace at Takht-i-Sulayman (north-west Iran).
These fragments are thought to date from around 1275. Also discovered was an
inscribed stucco plate that appears to contain the plan of a quarter muqarnas vault.
The plate, which has since become known as the Ilkhanid Plate, was discovered in
1968 by a team of German archaeologists led by Dietrich Huff. It is now kept at the
Islamic Department of the Iran Bastan Museum in Tehran.67
The plate was discovered as seven broken pieces, but has since been reassembled.
It is almost square in shape, measuring 470 mm x 500 mm x 35-40 mm, although
it is missing its left-hand corner as well as a small central section. The muqarnas
design that it depicts consists mainly of squares and rhombi with right-angled
isosceles triangles along the frame of the field. The sides of the squares and rhombi,
as well as the sides of the triangles, are all 3.5 cm in length. Their areas have been
symmetrically arranged around a diagonal axis. The construction is completed in the
upper right corner by an irregular quarter-octagon.68
The plate represents the earliest known example of a construction plan of a
muqarnas and has provided an excellent source of information with regard to
understanding the craft of creating muqarnas. Consequently the plate has been
studied by several researchers, including Ulrich Harb (who published his findings
in 1978), Mohammed Yaghan (2000), and most recently Yvonne Dold-Samplonius
and Silvia L Harmsen (2005, pp. 85-94). Each of these researchers have attempted
to use the plate in order to create a three-dimensional representation of the twodimensional plan described by the plate.

67. Blair, S. and
Bloo.m, J. The Ilkhanid Palace.

68. Dold-Samplonius, Y. The Muqarnas Plate Found at
Takht-I Sulayman: A
New Interpretation,
89

Before looking at the three-dimensional work of these researchers, I will spend a
little time analysing the two-dimensional patterns upon which muqarnas design is
based. These types of pattern are best described with reference to another art-form
for which the Islamic World is renowned. The art of tiling:
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Fig 1.41 Examples
of Regular Tiling.

Fig 1.42 Examples
of Uniform Tiling.

Fig 1.43 Examples
of
2-Uniform,
3-Uniform
&
4-Uniform Tiling.
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Tiling
The art-form that is perhaps most associated with the Islamic World is that of tiling.
As we learned in section 1.2, the Islamic World spread into lands that were formally
occupied by both the Sasanians, Byzantines, and before them the Romans, Greeks
and Sumerians. As such they had a rich heritage of geometrical understanding upon
which to build their very own unique culture.
While there are numerous methods of tiling, including mosaic tiling, I will focus on
those relevant to the art and architecture of the Islamic World. As such, I shall limit
the discussion to tessellations that contain no gaps, and where no corner of one tile
can lie along the edge of another.

The Mathematics of Tessellation
There are two main groups of tessellation. Periodic and Non-Periodic.69
Periodic tiling has a repeating pattern, whereas Non-Periodic tiling cannot form a
repeating pattern. Both types have been commonly used in the art and architecture
of the Islamic World.

69. Shawcross,
G. "Periodic and
Non-Periodic Tiling".

Periodic Tiling
If we limit ourselves to convex regular polygons (where all sides are equal) there are
four main types of periodic tiling. They are regular tiling, uniform tiling, k-uniform
tiling and non-edge-to-edge-tiling. Together they form 17 wallpaper groups.70
1: Regular Tiling
Regular tiling patterns are comprised of identical tiles.

70. Joyce, D. "Wallpaper Groups".

There are three types,

triangular (composed of equilateral triangles), square and hexagonal.
2: Uniform Tiling
Uniform tiling patterns are composed of two or three different types of tile. These
types are all regular polygons and are limited to five different convex regular
polygons (triangle, square, hexagon, octagon and dodecahedron).
3: K-Uniform Tiling
In k-uniform tiling the ‘k’ signifies the transitivity class of the pattern.
A uniform tiling is 1-uniform, where all vertices belong to the same transitivity
class. This means that each vertex of the tiling is equivalent to every other
vertex with respect to the symmetries (translation, rotation, flip) of the tiling.
So for example, if I picked one vertex, and you picked another, we would be
able to shift, rotate, and/or flip a copy of the tiling in such a way as to not only
align our two vertices, but also to perfectly map the copy onto the original
tiling. (Imagine two transparencies where all the lines of the tilings coincide
exactly.) A 2-uniform tiling will have vertices that we could label A, and others
that we could label B. Each A vertex can be mapped onto every other A vertex,
but cannot be mapped to any B vertex. (We could shift, rotate, and/or flip a B
onto an A, but the tiling and the copy will never align.71

71. Galebach, G.
Tilings
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Fig 1.44 Examples
of Non-Edge-To-Edge
Tiling.

Fig 1.45 The five
types of Girih Tiles.

Fig 1.46 Baghdad,
al-Mustansirivva
Madrasa,
1234.
Detail of spandrel
(left) and drawing
by Peter J. Lu.
(right)

Fig 1.47 Baghdad,
al-Mustansirivva
Madrasa, 1234.
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1-uniform tiling comprises the 3 types of regular tiling and the 8 types of uniform
tiling, giving a total of 11 types. There are 20 types of 2-uniform tiling; 61 types of
3-uniform tiling; 151 types of 4-uniform tiling; 332 types of 5-uniform tiling; and
673 types of 6-uniform tiling. There also exist 7-11-uniform tiling patterns, however
they have not yet been quantified.
4: Non-Edge-To-Edge Tiling
There are six types of non-edge-to-edge tiling. They are Hexagonal, Square,
Truncated Square, Truncated Hexagonal, and Tri-Hexagonal.

The Wallpaper Groups
Wallpaper groups (also known as ‘symmetry groups’ and ‘plane crystallographic
groups’ are mathematical classifications of repetitive two-dimensional patterns,
which are based on the symmetries that occur within them. These patterns are
commonly used in the decorative arts, including textiles and architecture, where
they are perhaps most commonly used in tiling and wallpaper design.
There exist seventeen wallpaper groups. It has been claimed that each of these
groups is represented in the architecture of the Alhambra Palace in Granada.
Although this assertion has been challenged, it is has been established that at least
twelve of them are represented.72

Non-Periodic Tiling
Non-periodic tilings are all the tilings that are not periodic. Aperiodic tilings
are non-periodic tilings whose tiles can’t be rearranged in a periodic manner.
When dealing with non-periodic tilings, there can’t be found any fundamental
shape that could tile the plane by translations. Intuitively, “non-periodic”
means that the tiling will never repeat itself, or that different sections of the
tiling will always look different.73
Examples of aperiodic tiling include Girih Tiling & Penrose Tiling.
Girih Tiling
Girih tiles are a set of five tiles that have been used in the art and architecture of
the Islamic World since 1200. The five tiles are:74
1. A regular decagon

(with interior angles of 144’)

72. Nelson, A, Newman, H & Shipley, M.
"17 Plane Symmetry
Groups".

73. Blackaller, L,
Buza, K, Paluska,
J. Piles of Tile: Advanced Symbolic
Programming

74. Jansson, F. "Girih tile math".

2. An elongated hexagon (with interior angles of 72’/144’/144’/72’/144’/144’)
3. A bow-tie 		

(with interior angles of 72’/72’/216’/72’/72’/216’)

4. A rhombus 		

(with interior angles of either 72’/108’/72’/108’)

5. A regular pentagon

(with interior angles of 108’)
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Fig 1.48 Tiling
pattern created from
P1 Pentagonal tiling.

Fig 1.49 Kite
Dart tiling.

and

Fig 1.50 Tiling
pattern composed of
Rhombus Tiling.
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As one can see, the interior angles of each of these shapes is a multiple of 36’.
Furthermore, the length of each side of each tile is identical. As such these tiles can
be combined to form an infinite number of seemingly complex designs.
Penrose Tiling
While Girih tiles have been used for more than eight centuries, Penrose tiles are
a relatively recent invention, having only been discovered during the 1970s by the
English mathematician, Roger Penrose. There are three types of Penrose tilings:75
P1 Pentagonal

75. Weisstein, E.
"Penrose Tiles".

These were the original tiles, and they are similar in nature to the Girih tiles. There
are 4 in total:
1. Pentagon		

5 sided

2. Star			

10 sided

3. Boat			

7 sided

4. Diamond		

4 sided

Like the Girih tiles, they all possess sides of equal length and each of their interior
angles is a multiple of 36’.
P2 Kite & Dart
Kite and Dart tiling comprises two types of tile:
1. Kite			

(with interior angles of 72’/72’/72’/144’)

2. Dart			

(with interior angles of 36’/72’/36’/214’)

Again, each of these shapes contain interior angles that are multiples of 36’.
P3 Rhombus Tiling
Rhombus tiling comprises two types of tile:
1. Thin Rhombus 		

(with interior angles of 36’/144’/36’/144’)

2. Thick Rhombus

(with interior angles of 72’/108’/72’/144’)

Again, each of these shapes contain interior angles that are multiples of 36’.
Furthermore, one can see that the Thick Rhombus is comprised of a Kite and a Dart.

111

chapter one
Dwg 1.1 Plan
showing the muqarnas dome described
on the Ilkhanid Plate.

Fig 1.51 Drawings
showing the ’roof’
and the ‘facet’, the
two main parts of a
muqarnas cell.
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The Geometry of the Ilkhanid Plate Explained
Returning to the Ilkhanid plate we can begin to understand its geometry in relation
to the tessellation techniques described above.
At first glance the Ilkhanid plate seems to resemble a few of the Euclidean tiling
patterns. Although the plate seems to be made up of mostly squares and rhombi,
the latter of which is not a regular polygon. One can bisect a rhombus into two
triangles. If one combines two equilateral triangles, one gets a rhombus with
interior angles of 60’/120’/60’/120’. However, if we take a closer look at the plate
we see that the interior angle of these rhombi are 45’/135’/45’/135’.
As such we can be sure that the tiling pattern does not belong to the periodic
Euclidean family, we can also be sure that the pattern does not belong to the
Aperiodic family as the interior angles of these are always divisible by 36’ as
opposed to 45’. What then is the rationale behind the geometry of the Ilkhanid
Plate? In order to answer this we must turn to the Persian astronomer and
mathematician, Ghiyath al-Din al-Kashi.

Ghiyath al-Din al-Kashi
Born in 1380 in Kashan (Iran), Ghiyath al-Kashi was a Persian astronomer and
mathematician who served in the court of the Timurid ruler Ulugh Beg becoming
the founding director of the Ulugh Beg Observatory in Samarkand where he died
in 1429. He is regarded as one of the greatest mathematicians that Iran has ever
produced and is particularly well known for his work in the field of trigonometry.
‘In French, the law of cosines is named Théorème d’Al-Kashi (Theorem of al-Kashi),
as al-Kashi was the first to provide an explicit statement of the law of cosines in
a form suitable for triangulation’76. Al-Kashi is however of most interest to us as
the author of The Key of Arithmetic, which was published in 1427 and includes a
chapter that contains the oldest known definition of a muqarnas vault:

76. Al-Sham’aa, K.
Al-Kashi Project

The muqarnas is a roofed (musaqqaf) vault like a staircase (madraj)
with facets (dil’) and a flat roof (sath). Every facet intersects the adjacent
one at either a right angle, or half a right angle, or their sum, or another
combination of these two. The two facets can be thought of as standing on
a plane parallel to the horizon. Above them is built either a flat surface not
parallel to the horizon, or two surfaces, either flat or curved, that constitute
their roof. Both facets together with their roof are called one cell (bayt).
Between the roofs of two adjacent cells a curved surface can be located in
the form of a triangle or two triangles.
Adjacent cells, which have their bases on one and the same surface parallel
to the horizon, are called one tier (tabaqa).
The measure of the base of the largest facet is called the module (miqyas) of
the muqarnas.77

77. Dold-Samplonius, Y. Practical Arabic
Mathematics: Measuring the Muqarnas
by al-Kāshī, 226
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Fig 1.52 The eight
principal muqarnas
shapes identified by
al-Kashi.

1

square

jug

√

2

1

rhombus

almond

1

(small) biped

1
2

√

2

(large) biped

1
2

half square

half rhombus

Figure 2.5. Overview of the basic muqarnas elements.

135◦ . The rhombus appears as plane projection of a cell and of a
In Figure 2.6 three different elements with a rhombus as plane
. In the
114 first picture we see a cell with plane projection a rhomb
in the apex with an angle of 135◦ . In the right two pictures of
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The ‘module’ that al-Kashi describes is in fact equivalent to the plan projection of
each muqarnas cell and it is the two-dimensional plan of these cells that is of most
relevance to the geometry of the Ilkhanid plate. The eight principal shapes that
al-Kashi identifies are as follows:78
1. Square
A quadrilateral with equal sides and interior angles of 90’/90’/90’/90’

78. Al Jumaily, H
. Muqarnas Form
Efficiency in Diffusing
Sound
Waves Within the
Space, 135.

2. Jug
A quarter octagon with interior angles of 90’/67.5’/135’/67.5’
3. Large Biped
An arrow formed by subtracting the Jug from the Square with interior angles
of 90’/22.5’/225’/22.5’
4. Half Square
Triangle with interior angles of 45’/90’/45’
5. Rhombus
Parallelogram with equal sides and interior angles of 45’/135’/45’/135’
6. Almond
Deltoid with interior angles of 45’/90’/135’/90’ with interior angles of
45’/45’/225’/45’
7. Small Biped
An arrow formed by subtracting the Deltoid from the Rhombus with interior
angles of 45’/45’/225’/45’
8. Half Rhombus
Triangle with interior angles of 45’/67.5’/67.5’
Although these shapes differ from the aperiodic tiles in that their interior angles are
multiples of 22.5’, rather than 36’, the similarities between the Kite/Dart and the
Jug/Large Biped and the Almond/Small Biped are very clear. As one can see from
the following diagram, these shapes can be pieced together in order to perfectly
form a representation of the Ilkhanid plate, that has much in common with
aperiodic tiling patterns. The key difference of course it that muqarnas have a third
dimension, which we will now turn our attention to.
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Dwg 1.2 A muqarnas composed of
three units, featuring
two ‘tiers’

Dwg 1.3 The
defining attributes of
cells.

Highest Face (3-Sided)

2nd Curved Face

Highest Face (4-Sided)

1st Curved
Face

2nd Curved Face
2nd Rectangular Face

Rectangular Face

1st Curved Face

Dwg 1.4 The
defining attributes
of
intermediate
elements.

Highest Face (4-sided)

1st Rectangular Face

Highest Face (3-sided)

2nd Curved face

1st Curved Face

2nd Curved Face

1st Curved Face

Dwg 1.5 Two cells
joined by an intermediate unit (grey)

Two cells joined by an
intermediate unit (grey)
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Two cells joined by two
intermediate units (grey)

Two cells separated by
an empty space
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2: The Third Dimension
Unfortunately al-Kashi’s texts are not always easy to understand, as such I will use
a series of diagrams in order to help to explain the principal points of his geometric
description of the muqarnas:
1: A muqarnas is composed of two or more tiers (horizontal layers).
2: Each tier is composed of a number of adjacent elements. Depending on their
geometric characteristics these elements can be defined as either ‘cells’ or
‘intermediate elements’.79

Cells
Cells are the building blocks of muqarnas. No muqarnas design can exist without
the presence of at least three cells.

79. Al Jumaily, H
. Muqarnas Form
Efficiency in Diffusing
Sound
Waves Within the
Space, 134.

The highest face of a cell always has either three or four edges, consequently each
cell has either three or four vertical outer faces. At least two of these edges will
have a length equal to one unit.
Two of the vertical outer faces will always be curved elements. These ‘curved-faces’
will always have a width equal to one unit. These two curved faces will always be
joined along the shortest of their two vertical edges.
The remaining vertical faces will be rectangular in shape and will be the full height
of the cell. These faces constitute the ‘back-faces’ of the cell and will not be visible
in the finished design.

Intermediate Elements
Intermediate elements are used to complement cells. It is possible to place two
cells next to each other without the use of an intermediate element, however, one
also has the option of placing either one or two intermediate elements in the space
between two adjoining cells.
Like a cell, the highest face of an intermediate element will always have either three
or four edges, consequently each cell has either three or four vertical outer faces.
At least two of these edges will have a length equal to one unit.
Two of the vertical outer faces will always be curved elements. These ‘curved-faces’
will always have a width equal to one unit. These two curved faces will always be
joined along the longest of their two vertical edges.
The remaining vertical faces will be rectangular in shape, however their height will
be defined by the shortest of the two vertical edges of the curved sides. These
faces constitute the ‘front-faces’ of the intermediate element and will be visible in
the finished design.
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Combining Cells and Intermediate Elements

80. Harmsen, S.
Algorithmic Computer Reconstructions
of Stalactite Vaults Muqarnas - in Islamic
Architecture.

If we refer back to the diagram that identifies the eight principal shapes identified
by al-Kashi. One will note that there is currently no way of telling what 3D forms
they might be used to describe. However, if we colour code their edges as follows,
we will be able to identify them as being either cells, or intermediate elements, or
both.80
A. Curved-Faces will be described by red coloured arrows. The arrow will be
used to point towards the apex of the unit.
B. The back-faces of cells will be described by blue arrows.
C. The front faces of intermediate elements will be described with black
dashed lines.

Square

Square
250

CELLS

250

INTERMEDIATE
ELEMENTS

Jug
250

250

Large-Biped

Half Square
250

250

Half Square

Rhombus

Rhombus

0
25

0
25

Small Biped

25
0

0
25

Almond

25
0

250

Half Rhombus
Dwg 1.6 The seven
‘cells’ and seven
‘intermediate
elements’. Based on
drawings by Sylvia
Harmsen.
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Half Rhombus

25
0

250
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INTERMEDIATE
ELEMENTS

CELLS

Square

Square

Large-Biped

Jug

Half Square

Half Square

Rhombus

Rhombus

Small Biped

Almond

Half Rhombus

Half Rhombus
Dwg 1.7 3D
drawing of the seven
‘cells’ and seven
‘intermediate
elements’
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As the resulting diagram shows, the eight principal shapes generate a set of
seven intermediate elements and seven cells. With this information, the task of
generating a working muqarnas plan is greatly simplified as essentially, one only has
to obey 3 rules while constructing each tier:
1. Curved faces (i.e. those with arrows) can either be left exposed or placed
adjacent to other curved faces with the same direction.
2. Back faces must all face away from the centre of the design.
3. Front faces must face the centre of the design.

Dwg 1.8 Examples of successful
and
unsuccessful
muqarnas diagrams.
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Example showing
exposed curved faces

Example showing
curved faces adjacent
to back faces.

Example showing
curved faces facing in
opposite directions.

Example showing
curved faces pointing
in the same direction.

section 1.3
Dwg 1.9 A
coloured version of
the Ilkhanid Plate
showing the various
shapes of which it is
composed.

Interpreting the Ilkhanid Plate
The above diagram shows a cleaned-up version of the Ilkhanid Plate. The drawing
is comprised of a total of 171 elements, including the following:
64

Squares

88

Rhombi

8

Half-Squares

6

Half-Rhombi

3

Jugs

2

Small Bipeds

From this starting point several researchers have attempted to interpret the Ilkhanid
Plate with the objective of building a three-dimensional model that represents the
intentions of its design.
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Fig 1.53 Harb’s
interpretation:
projection plan & 3D
reconstruction.

Fig 1.54 Yaghan’s
alternative interpretations for the outer
part of the plan.

Fig 1.55 Yaghan’s
alternative interpretations for the inner
part of the plan.

Fig 1.56 Dold-Samplonius & Harmsen’s
interpretation:
projection plan & 3D
reconstruction.
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Ulrich Harb (1978)
As the first to research the plate, Harb was also the first to realise that ‘it is impossible
to build a muqarnas corresponding to the plate by using only elements whose plane
projections are squares and rhombi.’81 Consequently he chose to preserve the squares,
but to interpret certain chosen rhombi as being composed of smaller geometric
elements, specifically small bipeds and almonds.
Harb also chooses to use the four corners of the design as the base point (the point
from which they rise and build) of the muqarnas. Consequently his three-dimensional
interpretation shows four triangular corner pieces rise to meet at the eighth tier, before
joining to form a more conventional muqarnas vault. As such, Dold-Samplonius and
Harmsen dismissed Harb’s interpretation as not being ‘in accordance with the historical
context’ as ‘the corners run out in a point while the design is a square.’82

Yaghan (2000)
Yaghan’s interpretation differs significantly from Harb’s. He assumes that lower tiers of
the muqarnas are contiguous and splits the design into two parts, the lower part (A)
joins the four outer edges to a polygon that approximated a square, while the upper
part (B) segues this shape into ‘an irregular octagon’. He then presents two possible
interpretations for each of these two parts, giving a total of four different combinations
(AA, BB, AB, BA) and therefore four possible interpretations.
Yaghan’s interpretations were however dismissed by Dold-Samplonius and Harmsen
on the grounds that he creates geometric situations that conflict with the historical
context. Furthermore, by interpreting ‘some of the lines in the design as diagonals
of elements instead of their sides’ he breaks the ‘usual rules’. ‘Furthermore, for one
of his interpretations he uses elements that do not appear in actual muqarnas of the
same period’.83

Yvonne Dold-Samplonius and Silvia L Harmsen (2005)
Dold-Samplonius and Harmsen proposed ‘a different interpretation more in accordance
with surviving buildings of the period and the description of muqarnas by the famous
mathematician al-Kashi’.84 In order to achieve this they compared the plan of the
Ilkhanid plate with that of the basement vault of the north iwan of the Friday mosque
at the Shrine of Shaykh ‛Abd al-Samad in Natanz.
The three-dimensional interpretation proposed by Dold-Samplonius and Harmsen,
offers a more convincing solution than Harb’s in terms of its overall shape. In
comparison to Yaghan, they provide a solution that closely adheres to the logic of the
plate (i.e. they don’t break any obvious ‘rules’). Furthermore, they limit themselves to
elements that existed and were used in the thirteenth century.

81. Dold-Samplonius, Y. The Muqarnas Plate Found at
Takht-I Sulayman: A
New Interpretation,
90

82. Dold-Samplonius, Y. The Muqarnas Plate Found at
Takht-I Sulayman: A
New Interpretation,
93

83. Dold-Samplonius, Y. The Muqarnas Plate Found at
Takht-I Sulayman: A
New Interpretation,
93

84. Dold-Samplonius, Y. The Muqarnas Plate Found at
Takht-I Sulayman: A
New Interpretation,
90

It is of course impossible to be sure which of these hypotheses most closely resembles
the design intentions of the plate. All that we can be sure of is that the plate on its own
does not contain enough information to convey the three-dimensional implications of
a two-dimensional plan.
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3: Geometric Composition
Al-Kashi’s Muqarnas Types
As well as describing the geometry of the elements that make up the muqarnas, al-Kashi
also identified four principal types of muqarnas:85

1: Simple Muqarnas

85. Dold-Samplonius, Y. Practical Arabic
Mathematics: Measuring the Muqarnas
by al-Kāshī, 209

Simple Muqarnas consist only of plane surfaces. The sides of their cells ‘form only planes
like a square, a rhombus, or a rhomboid, whereas their roofs are shaped like squares,
half-squares, rhombuses, half-rhombuses, almonds, bipeds, or barley-kernels.’85

2: Clay Plastered Muqarnas
Clay-Plastered Muqarnas (also known as Mutayyan |Muqarnas) are similar to simple
muqarnas in that they are also comprised of planar surfaces. However, their tiers may
not all be of the same height and some of them may have only a roof and no facets.

3: Curved Muqarnas
Curved Muqarnas are similar to Simple Muqarnas, the key difference being their roofs of
their cells and intermediate elements are curved. However the facets of their cells are
only ever squares or rectangles.

4: Shirazi Muqarnas
The Shirazi muqarnas is like a curved muqarnas but has a greater variety of elements.
Where the top views of the simple, clay-plastered and curved muqarnas all consist of
triangles and quadrilaterals, a Shirazi muqarnas plan also contains other polygons
such as pentagons, hexagons, octagons and multi-pointed stars.
1: Square Style

Fig 1.57
three
types.
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Takashi’s
muqarnas

2: Pole Table

3: Other Styles
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Fig 1.58 Example
of a Shirazi Muqarnas.

Takahashi’s Muqarnas Types
Shiro Takahashi, however, has identified three different types of muqarnas styles, the
Square Style Muqarnas, the Pole Table Muqarnas, and Other Styles of Muqarnas.86

1: Square Style Muqarnas
What Takahashi defines as the Square Style Muqarnas, essentially comprises al-Kashi’s
Simple, Clay-Plastered and Curved Muqarnas styles. He describes these muqarnas as
having a ‘non-periodic tiling tessellation’ that has ‘a four-fold rotational symmetry.’86

2: Pole Table Muqarnas
What Takahashi describes as Pole Table Muqarnas, broadly covers the same muqarnas
as al-Kashi’s Shirazi Muqarnas. ‘The apex of the pole table evolved from the original 4,
5 and 6 segments to 7 and 11 segments. To complete the puzzle of geometric patterns,
star-shaped planes are inserted in a complex pattern at the concentric circle coordinates.
The star shapes consist not only of 4, 5, 6 and 8 point stars, but also of 7 and 9 point
stars, among others’.

86. Takahashi,
S. Muqarnas: A
Three-Dimensional
Decoration of Islamic
Architecture

3: Other Styles of Muqarnas
Takahashi’s third category comprises all the remaining styles of muqarnas, however
he divides these into five sub-groups. These include Triangular Tiling, Square Tiling,
Diamond Tiling, Sinan and Turkey-Syria-and-Egypt.
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Fig 1.59 Excerpt
from the Topkapi
Scrolls
showing
designs for a muqarnas vault.
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Topkapi Scroll
The Topkapi scroll is an ancient document that consists of 114 drawings, 59 of
which describe designs for muqarnas vaults. Although the scroll has no date and
no signature, it is believed that the drawings are the work of a single person. Given
the nature of the content, which mostly describes the architecture of the Timurid
Dynasty, it is believed that the drawings were created during the early part of
the Safavid Dynasty (1501-1736), some time around the turn of the fifteenth and
sixteenth centuries.87
Although the scroll was created in Persia, it was rediscovered for modern audiences
in 1986 by Filiz Çagman, within the Topkapi Palace Museum Library, from where
it takes its name. In 1996, all 114 drawings were published in a book by Gülru
Necipoğlu of Harvard University, which also included her dissertation that gave ‘an
account of their history and their place in Islamic architecture and its decoration’.88
The scroll itself is 33 cm wide and 29.5 m in length and is comprised of smaller
sheets of paper that have been glued together. The ‘drawings were made with a
reed pen, using black ink, with highlights in red and the occasional use of other
colours’, however they also contain barely visible construction lines (of grids, arcs
and radial lines) that were drawn with a metal point.89
The drawings within the scroll do not appear to have been utilised for the
construction of any known building, however there is always the possibility that they
were used for a building that no longer exists. It has also been suggested that the
scrolls either form part of an architectural design that was never completed, or that
they function as a kind of architectural pattern book to inspire new design.

87. Necipoğlu, G. &
Al-Asad, M. The Topkapi Scroll: Geometry
and Ornament in
Islamic Architecture,
6th Ed.

88. Rogers, J. Notes
on a Recent Study of
the Topkapi Scroll: A
Review Article.

89. Patterninislamicart.com. "The Topkapi Scrolls".

That said, it has been observed that there is a similarity between some of the
geometric patterns described in the scroll and a tile panel in the Jame-e Kabir
Mosque in Yazd (Iran). It has also been noted that the majority of the muqarnas
that are described in the document take the form of a radial hand-held fan, which is
more common in the architectural style of the Timurid Dynasty, while the minority
take the form of the seashell, which was more commonly used in Cairo.
‘This important document belongs to a once-widespread Islamic tradition of scrolls
in which geometric patterns, ranging from floor plans and vault projections to
epigraphic panels and architectural ornaments in diverse media, appeared side by
side.’90 The scroll is a vital document in the journey of investigating the muqarnas
because we are still missing many details of their history, origin and development.
It is also vital because in the past the master craftsmen guarded their methods as
trade secrets, even though they made records in the form of scrolls and manuscripts
that contained drawings of the production of patterns.

90. Kilyos.ee.bilkent.edu.tr. “The Topkapi Scroll: Geometry
and Ornament in
Islamic Architecture”

Fortunately, this scroll has survived and might shed light on one particular aspect of
the muqarnas, which is how artisans used to prepare plans of the muqarnas forms
and how this knowledge used to be recorded and transmitted through times and
places in such scrolls. This scroll might also help with understanding the muqarnas
vault plans.
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Fig 1.60 The
Topkapi Scrolls.

The Mirza Akbar Scrolls
This scroll belonged to the architect Mirza Akbar (1760–1837), and was acquired by
the English architect Caspar Purdon Clarke for the South Kensington Museum (now
the Victoria and Albert Museum) in 1876.91
The collection comprises two scrolls in their original state and some 53 others
mounted on cardboard. Purdon Clarke apparently bought them after the death
of Mirza Khan who had been the Persian state architect.
The collection is of particular interest since these items represent a rare survival
of genuine working drawings. Although not as old as the Topkapi Scroll they
do show a continuation of traditional drafting scrolls that continued up to the
modern era.
The drawings themselves, while in a good state of preservation, are of
very variable quality, from rough initial sketches through to highly finished
architectural draughts. They include general plans; outlines of schemes for
muqarnas; calligraphic layouts (mainly in Square Kufic); and a variety of
proposed decorative features.

91. Patterninislamicart.com. The Mirza
Akbar Architectural
Scrolls
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It is not clear whether any of these drawings were realised in any actual building
projects, but in most cases it seems unlikely, as was the case with the Topkapi
Scroll material. This is indeed the very reason for their survival.91
After an examination of these drawings it is obvious that they were only drafts
and not drawings of the final product, although they do include several drawings
of a muqarnas vault. The designs, however, are different to the muqarnas vault
drawings with fan-shaped and radial plans in the Topkapi scroll. The Akbar
scroll contains muqarnas vault plans with an increased variety of polygons and

section 1.3
star polygons. However, it is notable in observing these drawings that there are
inherited formulas and configurations that have been repeated rather than the
invention of new ones.
These drawings are sketchy and not worked out in much detail. They were
therefore probably insufficient to enable traditional craftsmen to build muqarnas as
they were not specific enough; a variety of possibilities may have been created from
the same illustration. The craftsmen would have required continuous guidance or a
more detailed plan from the designer, showing details of all the units.
Fig 1.61 Excerpt
from the Mirza Akbar
Scrolls.

Conclusions
It may be concluded, therefore, from all the surviving evidence listed above of
muqarnas recordings, from the plaster plate to the paper scrolls, that throughout
the centuries (from the thirteenth century to the late eighteenth century AD)
artisans repeated endless variations of muqarnas designs that were based on
traditional geometric formulas and configurations. These were slightly modified by
trial and error, and would depend on the vault in which they were trying to insert
a muqarnas. If it was very steep, this would mean decreasing the height of the
elements’ facets in higher tiers so that they could fit into the curvature of the vault.
If it was not very steep, however, the height of the facets of the muqarnas elements
would have remained the same throughout the whole structure.
It is important to stress the connection between a three-dimensional muqarnas
structure and its two-dimensional projection. Yet a question arises as to whether or
not this correlation is unique. In the flat projection, the muqarnas elements do not
overlap, which makes it possible to design a muqarnas by drawing its projection;
this was the method that artisans traditionally depended on to design their
muqarnas compositions. However, such two-dimensional designs do not implicitly
include all of the three-dimensional information required to build the structure of
the muqarnas.
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Fig 1.62 Damascus,
al-Madrasa al-Nuriyya
al-Kubra, 1167. Exterior.

Fig 1.63 Granada, ,
Alhambra
Palace.
Column capital with
muqarnas.
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4: Architectural Applications
Muqarnas are associated with many different architectural features. They have not only
been used on domes but also above the openings of doors, windows, arches, entrances,
corners, corridors, columns, minarets and mihrabs. ‘Almost any place in a building is able
to take in this ornamental feature’.92 In each instance the modular unit of the muqarnas,
as well as the depth of the composition, is different and can be adapted to the size of the
area involved.
Muqarnas have different applications and uses in Islamic architecture that can be
summed up as follows:

92. Haidar, K. The
Arabic and Islamic
Architecture: Graphic
Characteristics of
Muqarnas, 14 (author’s translation)

A:  Muqarnas that form domes
Muqarnas have been used as exterior domes since the eleventh century AD. ‘The first
use of muqarnas on the exterior of a building is on the tomb of Ladjin in Mazandaran
built in 1022.’93 However, in Damascus there are only few exterior muqarnas (conical)
domes, the remarkable features of which can be viewed from the street. They are
extraordinary, both on account of their height (over 20 metres) and also because of their
plentiful and profuse muqarnas decoration. Exterior muqarnas domes are usually seen
in mausoleums and graves of the Zengid architecture of the eleventh century AD. For
example, the dome found in the al-Madrasa al-Nuriyya al-Kubra 1167 AD in Damascus
(a school and mausoleum) features a six-tiered exterior dome, while eleven tiers line the
interior dome.

93. Petersen, A.
Dictionary of Islamic
Architecture, 206

Muqarnas can be seen in the entrance lobby of Bimaristan Nur al-Din (now a museum of
Arabic medicine), built in 1154 AD. In the interior, the inner chamber is square, featuring
a muqarnas-domed room. The entrance interior is adorned with stucco ornamentation.
These two buildings both belong to the Zengid era, when Damascus was influenced by
Iraq as shown by the conical muqarnas dome in Iraq on the tomb of Imam Dur (AD 1085)
north of Samarra, built 70 years earlier than Bimaristan Nur al-Din. Each muqarnas dome
consists of a square interior structure supporting the exterior muqarnas. The top dome
(cupola) concludes at a great height with a small, fluted dome. The exterior domes are
made of geometrically patterned raised brickwork towards the top of the structure.

B: Muqarnas as Column Capitals
Muqarnas are also used in the ornamentation of stone or timber column capitals. Prior
to the eleventh century AD, Islamic buildings, especially those in Damascus, relied on
reused classical and Byzantine capitals, or copies of these forms. For example, in the
Umayyad Mosque the columns inside the mosque utilise Corinthian capitals that
belong to the temple that existed on the same site before the mosque was constructed.
Here, muqarnas became appropriate mainly for use in capitals, since the muqarnas
configuration provides the transition from the circular section of the column capital to
the square section of an arch. In Ottoman architecture, however, where Turkish triangles
performed the same function as muqarnas, pendentives and squinches, muqarnas
tended to be employed for column capitals as well as other ornamental features.
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Fig 1.64 Granada,
Alhambra
Palace.
Muqarnas adorning
a ceiling.

C:  Muqarnas on Ceilings

94. Dold-Samplonius, Y. The Muqarnas Plate Found at
Takht-I Sulayman: A
New Interpretation,
85

Muqarnas are used as a ceiling decoration in domes or portals to make a smooth
transition from the rectangular (square) basis of the room/interior space into the
circular shape of the vaulted ceiling. Muqarnas are also employed on the ceilings of
some arcades located between a line of columns and the parallel wall, where they
serve a clear architectonic function, and sometimes provide an illusion of structural
movement by conveying a small vault: ‘the muqarnas is a linear system and an
organisation of masses.’94 The depth of the muqarnas compositions and their modular
units vary according to the surface the muqarnas is conveying (the linear system).
Muqarnas have no intrinsic limits since none of their units are finite, and there is
no limit to the scale of any one composition. A muqarnas composition is formed
by repeating these modular units in tiers (a hierarchy of massing). Muqarnas are
therefore formed by organising a mass of units in tiers on a surface or in a space. They
are products of a geometric system and the repetition of geometric pieces or units.

D:  Muqarnas Under the Balconies of Minarets
95. Petersen, A.
Dictionary of Islamic
Architecture, 206207

‘Some of the most impressive examples of muqarnas on the exterior of buildings
are where it is used as corbelling for balconies or minarets.’95 Muqarnas are
used outside the minaret body to enable the transition between shapes, or may
be used under any frieze inside a building or outside in the form of sculpture in
wood or marble from which the mosque pulpits (podiums) are made. In the Old
City of Damascus exterior muqarnas can be seen on many of the mosque minarets,
including those of the Umayyad Mosque.

E:  Muqarnas Above Entrances
Muqarnas are also employed in the top parts of an entrance space, portal, in the
transition area from the square entrance shape to the mihrab. They are used to
emphasise entrances.
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Fig 1.65 Damascus,
al-Madrasa al-Shadhbakiyeh
Mosque.
Muqarnas units underneath a balcony.

Fig 1.66

Damascus,
Al-Snayniyeh
Mosque. An example
of muqarnas used in
an entrance portal.
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5: Historical Development of Muqarnas in Damascus (1154-1924)
Having given a broad overview of the development of muqarnas across the Islamic
World, I will now turn my focus to Damascus. I have divided this section into four
main parts, each relating to one of the following four era’s: The Zengid Era, The
Ayyubid Era, The Mamluk Era, and The Ottoman Era.

Documentation
For each of the above eras, I have chosen a particular building on which to focus my
research, these are as follows:
A:
Name:
Type:
Year:
Use:

Zengid Era
Al-Madrasa al-Nuriyya al-Kubra
Dome
AD 1167
School

B:
Name:
Type:
Year:
Use:

Ayyubid Era
Damascus Citadel, Eastern Entrance
Entrance Portal
AD 1203
City Gate

C:
Name:
Type:
Year:
Use:

Mamluk Era
Al-Madrasa al-Zahiriyah
Entrance Portal
AD 1281
School & Mausoleum

D:
Name:
Type:
Year:
Use:

Ottoman Period
Umayyad Mosque
Muqarnas Mihrab
AD 18th C
Mihrab

Documentation Method
The spatial geometry of muqarnas is very complicated, and it is difficult to
provide correct results by classical surveying/measuring techniques. Reliance on
observing the geometry is insufficient as this might lead to a misinterpretation.
The geometries applied by traditional craftsmen are not fully understood today.
Photometric surveying techniques, however, have proved to be very efficient in
taking accurate measurements of any complex geometrical element or form. It
is also vital to take into consideration certain parameters that might affect the
accuracy of the measurements, such as the aging and weathering of materials, as
well as the effects of subsidence and building movement.
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Fig 1.67

Damascus,
Al-Madrasa
al-Nuriyya al-Kubra,
1167. Exterior of
muqarnas dome.

Fig 1.68 Damascus,
Bimaristan Nur
al-Din, 1154.
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While analysing the muqarnas in these four buildings, I undertook the following steps:
•

To produce a plan drawing of the muqarnas dome or vault.

•

To show the number of layers that the muqarnas comprise.

•

To show the units which form each layer.

•

To show a section or elevation of the muqarnas vault.

•

To show a three-dimensional perspective of the traditional form.

A:  Zengid Era
The Zengid dynasty was a Muslim dynasty of Turkish origin that ruled northern Iraq
and Syria on behalf of the Seljuk Empire. Their period of rule lasted between 1127
and 1250. Its centre of power was originally Mosul in Iraq. However, following the
death of the dynasty’s founder, Zengi in 1146, his sons divided the state between
them, with Syria falling to Nur al-Din who ruled over it between 1146 and 1174.
Consequently, the Zengid dynasty is also referred to as the Nuri dynasty in Syria.
Although the Zengids ruled over Damascus for a relatively short period, the city was
nevertheless exposed to Persian and Iraqi influences, which produced innovations
in both the arts and architecture. During this period the arts began to thrive in
Damascus in a different environment from the one in Iraq, in which it had originally
been established.

96. Al-Rehawi, A.
Damascus: Its heritage and its Historical
Landmarks, 72.

Following the establishment of the Zengid rule, an urban revival took place in
Damascus. The first thing to be accomplished in this context was the building of
the Citadel in the north-western corner of the city, which was used as a base for
the governing authorities. This was followed by the construction of schools (that
were independent from the Umayyad mosque) and public institutions, such as alMadrasa al-Nuriyya al-Kubra.96 Furthermore, Nur al-Din rebuilt the city wall, most
of which had been destroyed during preceding wars, and supported it with many
rounded towers. He also renovated its gates and opened new gates such as al-Salam
Gate (Peace Gate).
There are only two examples of surviving Zengid era muqarnas in Damascus, these
are the Bimaristan Nur al-Din, a madrasa and mausoleum that was completed in
1154, and the aforementioned al-Madrasa al-Nuriyya al-Kubra, which dates from
1167. Both these buildings feature a four-iwan plan, a characteristic that is likely
to have been influenced by the architecture of Iraq and Iran. While walled on three
sides, the hall or open space is usually vaulted, from which the aesthetic qualities
of the courtyard can be viewed and enjoyed. The use of a plan with four iwans is
unusual in Damascene architecture, as usually there is only one iwan.
Both of these structures are also characterised by conical muqarnas domes, which are
visible from both inside and outside of the buildings. Such domes are not common
in Damascus, however they were a common feature in Iraqi architecture and the
similarity between these two domes and those of both the Imam Dur Mausoleum in
Samarra (1085), and the Zumurrud Khatun Mosque in Baghdad (1200), is striking.
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Fig 1.69

Damascus,
Al-Madrasa
al-Nuriyya al-Kubra,
1167. Exterior of
muqarnas dome.

Fig 1.70

Damascus,
Al-Madrasa
al-Nuriyya al-Kubra,
1167. Interior of
muqarnas dome.
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Al-Madrasa al-Nuriyya al-Kubra (1167)
The Madrasa al-Nuriyya al-Kubra was built by Nur al-Din Al-Zengi, and is today
considered to be a complete model of twelfth-century architecture. It was the first
royal madrasa complex in Damascus and consisted of a madrasa (school), a mosque
and the tomb of its founder, Nur al-Din. The building is characterised by its two
muqarnas domes, its bands of Arabic calligraphy and by the ornaments that adorn
its walls. It was the subject of my first muqarnas documentation exercise.
The conical muqarnas dome is evident, consisting of niches with different shapes
and types of composition, both inside and outside the dome. This indicates that
the external niches are not a reflection of the interior. The number of rows of
muqarnas niches inside the dome is not equal to those on the outside and their
levels are also not identical. Furthermore, there are transitions in the geometry
from square, to octagonal, to circular.
There are twelve tiers of muqarnas units of the same height; the two bottom tiers
are composed by repetition of a basic modular unit, the tarbia, but the rest of the
tiers are composed by the repetition of two or three different muqarnas units. I
examined the relationship between the interior and exterior muqarnas and found
that in the interior dome comprising twelve tiers of muqarnas units the lower six
tiers are only visible on the inside. The six upper tiers are above the level of the roof
and can also be seen from the street.

Dwg 1.10 Damascus,
Al-Madrasa
al-Nuriyya al-Kubra,
1167. Interior of
muqarnas dome.
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Dwg 1.11 Digital
model of the dome
of Al-Madrasa
al-Nuriyya al-Kubra,
1167. Sectional
perspective.

Fig 1.71 Digital
model of the dome of
Al-Madrasa
al-Nuriyya al-Kubra,
1167.
Reflected
ceiling plan.

139

chapter one
Dwg 1.12 Digital
model of the dome
of Al-Madrasa
al-Nuriyya al-Kubra,
1167. Geometry
analysis of the
bottom part of the
dome.
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Dwg 1.13 Digital
model of the dome
of Al-Madrasa
al-Nuriyya al-Kubra,
1167. Geometry
analysis of the
middle part of the
dome.
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Dwg 1.14 Digital
model of the dome
of Al-Madrasa
al-Nuriyya al-Kubra,
1167. Geometry
analysis of the top
part of the dome.
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Fig 1.72 Damascus,
Eastern Entrance of
the Citadel.
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B:  Ayyubid Era

97. Moaz, A, Tabbaa, Y and Takieddine, Z. The Ayyubid
Era: Art and Architecture in Medieval
Syria, 53

The Ayyubid period had a particular place in the history of Islamic architecture
in Syria. Ayyubid architecture is distinguished by its harmony, sobriety, logic and
clarity. In general, decoration was minimal and the perfection of construction,
based on mathematical harmonious dimensions [were] highly esteemed.97
The Ayyubid dynasty was a warlike Sunni Muslim dynasty of Kurdish origins, founded
by Salah al-Din (Saladin), and centred in Egypt. It ruled over Egypt and most of
Iraq and Syria during late twelfth century and early thirteenth century. During
the Ayyubid era, a military style of architecture, with a heavy, rustic style, was
introduced to the city. This military architecture style of architecture is perhaps
most strongly expressed in the Citadel of Damascus, which was listed as a UNESCO
World Heritage Site in 1979.
During the Ayyubid period architectural individuality started to appear, including the
design of muqarnas. Although the Ayyubid era lasted for only eighty-five years, it was
during this short era that the muqarnas were first used as a transition from square
to circle. The components of the muqarnas during this era alternate between the
mihrab and the stalactite. Dominant architectural traditions were transferred from
Aleppo, north of Syria, to Damascus.
Aleppo was well known for being more conservative in its traditions and less affected
by external influences in comparison to the capital city. This tradition is reflected in
the use of the properties of stones in the construction of buildings and an interest
in carving, using the stone muqarnas forms in the corners of domes and above
entrances. Also, it is reflected in the defence system of the military buildings. For
the first time the domes that were built were made up from a double-decker drum,
with a dome above, which at this time became a segmented dome.
Additional novel architectural characteristics were used in constructing Sunni
schools, because the Ayyubid dynasty was a Sunni Muslim dynasty that was
attempting to take over places that had formerly been dominated by Shi’ite
Muslims from the al-Fatimid dynasty, such as those in Egypt. People of this era tried
to introduce an academy of religious studies and other sciences, such as fields of
medicine, pharmacology and botany.
During the Ayyubid period, ornaments in general were few and usually non-existent
on external elevations in architecture. Ayyubid architecture was characterised by
the following features: large and beautiful designs, accurate proportionality and
simplicity . Although the Ayyubid dynasty’s main concern was the ongoing crusades,
Damascus grew and developed, thanks to the security and stability that was
provided, as much as for the enthusiasm of the princes in promoting knowledge and
religion.

98. Al-Rehawi, A.
Damascus: Its heritage and its Historical
Landmarks, 72.
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Mosques were built in Damascus for the first time outside the city walls, five
centuries after the Umayyad Mosque.98 This era also witnessed the building of
schools and mausoleums. For example, there is al-Madrasa al-Adyylieh al-Kubra
(1223), which is located on the north side of the Umayyad Mosque.
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Fig 1.73 Damascus,
Eastern Entrance of
the Citadel, 1214.
Looking up at the
muqarnas.

Fig 1.74 Damascus,
Eastern Entrance of
the Citadel, 1214.
Detail of the muqarnas.
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99. Archnet. "Citadel of Damascus".

Damascus Citadel, Eastern Entrance (1203)
As mentioned previously, the Citadel99 was founded by the Seljuq Turks in 1076–
77. During, the Ayyubid period, the East Gate was the only proper entrance to
the Citadel from within the Old City of Damascus. It was captured by Salah al-Din
in 1174, who made it his residence and had its defences and residential buildings
modified. After an earthquake in 1201, it was almost entirely rebuilt between 1203
and 1214 by al-Malik al-’Ādil (Salah al-Din’s brother), and large parts of al-Malik al’Ādil’s original Citadel have survived until today. The rebuilt Citadel introduced a
number of important changes to the defensive system, such as new, massive, high
towers that were square rather than round in design like the old ones, and which
were numerous and closely spaced.
In the Citadel, the doorway is an exceptional example of the muqarnas, and is the
most outstanding Ayyubid muqarnas entrance in Damascus. It is noticeable that
the muqarnas here are twice as wide as they are deep. Three tiers is the usual
height of a Syrian muqarnas; however, at the East Gate a fourth extra tier, enlarges
the capacity bound by the vault of the entrance. The East Gate employs fairly
shallow cells of equal depth, leaving a large area to be spanned by the semi-dome.
The carved arabesque ornaments of the East Gate portals are unique and are not
found anywhere else. Twelve-sided polygons rotate to develop the geometry of the
muqarnas that achieves the transition from square to circle.
The muqarnas on the eastern entrance in Damascus Citadel was the second to be
documented. The half-dome comprises five tiers (four tiers, with the fifth, top one a
small cupola) made up of muqarnas units. At the East Gate, for the first time in the
history of muqarnas in Damascus, the back corners of the muqarnas are developed
into a recessed half-dome, rising from a first into a second tier. This feature later
becomes common; only later would a second series of recesses be built into the
second and third tiers. Here, however, the muqarnas is still in its simplest form. The
tiers comprise the repetition of one or more muqarnas units, and it is the first time
the fargheh (space) is created. This is composed by rotating the muqarnas units,
and it is significant that two distinctive units emerge in this muqarnas: the mihrab
and the stalactite. These two units are later joined to form the two parts of the
modular muqarnas unit. The cells of the muqarnas are painted, which makes it a
colourful and spectacular muqarnas, unusual in Damascus and unique among other
muqarnas vaults this era.
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Dwg 1.15 Damascus,
Eastern Entrance of
the Citadel, 1214.
Three-dimensional
perspective.

Dwg 1.16 Damascus,
Eastern Entrance of
the Citadel, 1214. Plan
perspective.
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Dwg 1.17 Damascus,
Eastern Entrance of
the Citadel, 1214.
Muqarnas
dome
de-constructed into its
four layers.

Dwg 1.18 Damascus,
Eastern Entrance of
the Citadel, 1214. Plan
projection
of
the
muqarnas dome with
geometrical analysis of
its units.
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Dwg 1.19 Damascus,
Eastern Entrance of
the Citadel, 1214.
Detail of the muqarnas
with geometrical analysis of its units.
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Fig 1.75 Damascus,
Madrasa-alZâhirîyah, 1277.

Fig 1.76 Damascus,
Madrasa-al-Zâhirîyah,
1277. Looking up at
the muqarnas portal.
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C:  Mamluk Era

100.
Blair, S.
and Bloom, J. The
Art and Architecture
of Islam 1250–1800,
97.

101. Petersen, A.
“Damascus - History,
Arts and Architectur”,

The Ayyubid dynasty came to an end in 1260, when Damascus was sacked by the
Mongols. However, the warlike Mamluks successfully pushed back the Mongols
and would go on to rule over the city for the next 250 years. The Mamluk’s centre
of power was Cairo in Egypt, one of the wealthiest cities in the world and the centre
of artistic and intellectual activity.100
Although Damascus would suffer a loss of influence during this period, it
nevertheless continued to develop as a city during the early period of Mamluk rule.
During this time Damascus was blessed with stability and security. A renaissance
bloomed because of the seeds planted during the days of Nur al-Din and Saladin,
both of whom were dedicated to the goals of unity, liberation and religious reform.
The sciences, arts and industry progressed while architectural projects flourished;
trade was active and Damascene goods became world famous. Damascus became
a station between East and West and international trade routes flourished .
Baybars, the first Mamluk sultan, was particularly fond of the city and
refurbished the citadel as a royal residence for himself. To the west of the
city he built another palace known as the Qasr Ablaq which was built out of
alternating courses of black and ochre-coloured masonry.101
This technique, of alternating bands of different coloured stone, would
consequently become known as the Ablaq style and would become one of the
defining characteristics of Mamluk architecture in Damascus, indeed its popularity
would continue well into the Ottoman Era. Ablaq buildings would typically feature
alternating bands of light and dark stone. Typically white limestone would be used
for the lightest colour, while black basalt or beige or red sandstone would be used
for the darker shades.
Madrasas continued to be built although not on the same scale as before. There
was a proliferation of mausoleums and to this period may be ascribed the invention
of the double mausoleum where two mausoleums were included within a single
complex. Examples of this type of building include the tomb of the Mamluk sultan
Kit Bugha and the tomb of the Muhajirin commemorating a Mamluk who had
fought the Mongols. The form of these double mausoleums was of two symmetrical
domed tombs, with a monumental portal between them which would lead to the
madrassa or memorial mosque.
The Mamluk era lasted for over 250 years, and this allowed the muqarnas to
flourish in both shape and proportion. During this period, the alternation between
the two different units of the muqarnas, the mihrab and the stalactite, runs in
continuous succession. Here, the modular unit of the muqarnas is not only the
tarbia but also an additional diamond-shaped component known as the makook.
Muqarnas continued to be used as a common feature in ecompletentrance portals.
One example being the Madrasa al-Zâhirîyah, which was completed in 1281.
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Dwg 1.21 Damascus,
Madrasa-al-Zâhirîyah,
1277. Digital drawing
showing the disassembled layers that form
the muqarnas portal.
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Dwg 1.22 Damascus,
Madrasa-al-Zâhirîyah,
1277.
Two-dimensional projection of the
muqarnas portal with
geometrical analysis of
the units

Madrasa al-Zâhirîyah (1281)
102. Al-Rehawi, A.
Damascus: Its heritage and its Historical
Landmarks, 176

103. Archnet. Madrasa al-Zahiriyya,

The Madrasa al-Zâhirîyah served as both a school and a mausoleum.102 The
madrasa is richly decorated using various materials and techniques. The entrance
leads into a fairly austere central courtyard. The mausoleum is immediately to the
right upon entry and is a domed chamber with decorative work.
The interior ornamental program consists of marble revetment, carved stucco,
gilt wood and a continuous frieze of glass mosaic that depicts architectural
ensembles on three of the four interior walls, along with vases, trees, and other
stylized vegetal motifs. The mihrab in the mausoleum is made of coloured marble
to allude to patterns and mosaics typical of the Mamluk architectural style.103
Perhaps most striking of all is the wide band of mosaic work, a style, which clearly
imitates the mosaics on the northern façade of the Umayyad Mosque.
The muqarnas portal of the Madrasa al-Zâhirîyah was the third to be documented.
The main entrance portal is a magnificent example of Mamluk muqarnas. The
entrance itself features alternating bands of black and yellow stone, with three
bands of finely carved inscriptions. The half-dome over the entrance includes
impressive muqarnas stonework that enables a transition from the rectangle shape
of the entrance to the semicircle shape of the entrance roof.
The usual height of a Syrian muqarnas is three tiers; however, the grand Zâhirîyah
portal has four tiers, and is the only four-tiered example in Damascus. The tiers are
of equal height until the Zâhirîyah is reached, and the depth of the cells varies with
the portal. The muqarnas portal of al-Madrasah al-Zâhirîyah exhibits an exquisite
carving of muqarnas stone.
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Dwg 1.23 Damascus,
Madrasa-al-Zâhirîyah,
1277. Elevation view
with a geometrical
analysis of the bottom
layer.
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D:  Ottoman Era
In 1516 the area that is known as Syria today was taken over by the Ottoman
dynasty, and as such fell under the jurisdiction of a culture that had
originated in what is now modern day Turkey, together with its language and
traditions. The Ottoman rulers were, however, not connected to the Arabs
in any other way, except by their shared religion. Ottoman architecture
was developed, inspired and influenced by the preceding dynasties’
architecture. Under the Mamluk rule the country had been independent,
and was Arabic in all aspects of life except for the military. During the
Ottoman period Damascus continued to be connected to the outside world,
specifically Europe, as it was still a major connection for international trade
routes between East and West. European travellers always confirmed the
rich status of Damascus markets, their trading activities and their famous
products, such as silk and cotton fabrics.104
During the four centuries of Ottoman rule, Damascus never witnessed the
architectural flourishing that it had achieved during the Ayyubid dynasty.
Most of what is left of Ottoman buildings belongs to the beginning of that
era, primarily the sixteenth century. Amongst these buildings is the Tekkieh
Slemanieh, which includes a madrasa, a mosque, a restaurant, a hotel and
a market. Ottoman architecture relied heavily on domes, and the Ottomans
also excelled in the construction of many building types.105 Within the
long period of the Ottoman dynasty, four styles of architecture may be
distinguished:

i

104. Al-Rehawi, A.
Damascus: Its heritage and its Historical
Landmarks, 39-40

105. Al-Rehawi, A.
Damascus: Its heritage and its Historical
Landmarks, 82-83

Early Ottoman (1517–1600 AD)

The Early Ottoman period was heavily influenced by the architecture of the
Mamluk Era. As such, use of the Ablaq style continued to be popular, as did
the use of coloured mosaics composed of coloured geometric shapes. Also,
the decoration of ceilings, with muqarnas and stalactites, adorned with yuxi
gold and soft coloured geometric patterns, became increasingly popular.106
In the sixteenth century, Istanbul became the capital of the Ottoman
dynasty, and the arts started to flourish in a new style influenced by the
Hagia Sophia in Istanbul, which was transformed into a mosque after the
Ottoman conquest of Constantinople. Three sources, Syrian, Persian and
Byzantine, influenced Ottoman art, which was apparent in the building
of mosques and schools at the beginning of the Ottoman conquest of
Damascus.107 Mosques were no longer constructed according to the
Umayyad Mosque’s appearance and design. The prayer hall became
square, capped with a dome held on four corners and sometimes supported
by small wings that were covered with vaults to increase its capacity, usually
preceded by a roofed arcade. Ottoman minarets were distinguished by
their slender shapes, and also with their many-sided forms that ended with
conical hoods reinforced by lead.

106. Al-Rehawi, A.
Damascus: Its heritage and its Historical
Landmarks, 148

107. Al-Rehawi, A.
Damascus: Its heritage and its Historical
Landmarks, 134
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Fig 1.77 Damascus,
mihrab wall in the
Umayyad
Mosque,
Ottoman Era.
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ii

Middle Ottoman (1600–1860 AD)

During this period, muqarnas had a geometric shape crafted with straight lines,
with the mihrab parts of the element, the ‘curved’ parts, disappearing and being
replaced with straight lines. The Ablaq style was further developed as another colour
was added to the black and white: beige that was replaced by either yellow or red,
according to the availability of stones. Also during this period quishani ceramic first
occurred. Traditional craftsmen were able to produce the most elegant ceramics
with beautiful hues of blues and greens in different gradients, such as turquoise,
which is usually thought to consist of 70 per cent blue and 30 per cent green. White,
turquoise and red first appeared in this era, mostly in three separate colours: even so,
in comparison to the Mamluk era, the middle Ottoman era is not as visually rich with
colours.
There was little architectural activity during the seventeenth century AD, and nothing
significant was built during this time in Damascus. Architecture was, however,
revitalised in the eighteenth century by the Azem family, who built several buildings,
including a khan and a palace, a market and a school. In the nineteenth century, a
redevelopment of the urban plan of the city took place. New roads were constructed;
residential areas and markets were renovated and renewed. In addition trenches
were bridged, and the Citadel was turned into military barracks with markets
surrounding its walls. Some parts of the city wall were destroyed while others were
covered with additional facilities.108

iii

Baroque Ottoman (1860–1903 AD)

During the late nineteenth century, European architecture influenced the appearance
of buildings in cities of the Middle East such as Damascus, which is why this era is
known as the Baroque Ottoman. At this time additions of plant decorations (floral
motifs engraved on wood and stone) were added to architecture in general and in
particular to the muqarnas. European methods of architecture started infiltrating
into Damascus and buildings were constructed using these new methods. The style
of the city’s architecture and features therefore changed, while muqarnas lost their
innovative creativity.109

iv

Late Ottoman (1903–1918 AD)

108. Al-Rehawi, A.
Damascus: Its heritage and its Historical
Landmarks, 86-87

109. Al-Rehawi, A.
Damascus: Its heritage and its Historical
Landmarks, 90

During the late Ottoman period the application of muqarnas became simpler, with
elementary façade frieze decoration. Only simple muqarnas comprising three tiers
and few units were set in the corners of buildings or windows during this period.

Umayyad Mosque, Muqarnas Mihrab
The muqarnas mihrab of the Umayyad mosque was the fourth Damascene muqarnas
to be documented.
This muqarnas mihrab belongs to eighteenth Century and contains 16 layers and is
topped by a cupola. The plan is almost half a circle, and the muqarnas is characterised
by sharp edges of its geometrical units as the curviness has disappeared in this area.
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Dwg 1.25 A
three-dimensional
perspective of the
muqarnas mihrab in
the
Umayyad
Mosque.

Dwg 1.26 A
Geometrical analysis
of the units of the
muqarnas mihrab in
the
Umayyad
Mosque.
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Dwg 1.27 The
muqarnas mihrab of
the
Umayyad
Mosque
de-constructed into its six
layers.
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Dwg 1.28 A close
look at the bottom
layers of the muqarnas mihrab of the
Umayyad
Mosque
with a geometrical
analysis of the units
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Dwg 1.29 A close
look at the top layers
of the muqarnas
mihrab
of
the
Umayyad
Mosque
with a geometrical
analysis of the units
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Map 10 Showing
the location of buildings in Damascus
that have been documented in the film.
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Documentary Film
In August 2015, I produced a documentary film to accompany my thesis. The film
comprises two parts, the first part documents a total of twenty different buildings
(or in the case of the Umayyad Mosque building additions) belonging to four
different historical periods, the Zengid era, the Ayyubid era, the Mamluk era and
the Ottoman era. The second part of the film, which documents my visits to two
muqarnas workshops in Damascus, will be discussed in the fourth section of this
chapter.
Producing the film was a natural result of exploring the Old City of Damascus. At
the beginning of this research, I had not been aware of quite how rich the city was
with these historical treasures. As I mentioned in the introduction of this thesis, I
had been aware of their existence in Damascus since my childhood days. However,
as I have also mentioned, the old city of Damascus is lacking in documentation with
regard to its architectural heritage.
My initial expectation was that I would only be able to find a fairly limited number
of examples. Consequently, my plan was to spend a single day in 2015, exploring
the city and documenting the muqarnas that I discovered. However, it soon became
apparent that there existed far more examples of muqarnas than I had initially
expected. The more I walked, the more I discovered and I soon realised that I might
need several weeks, or even months, in order to fully conduct my research.
My research was greatly helped by a number of residents of the old town, who
were able to assist me by pointing out certain elements that were hidden inside
the buildings. As a result of this interaction and exercise, I decided that I should
document at least twenty of these historical elements in order to provide enough
substance to my research in particular and to the whole muqarnas field in general,
as my thesis has to serve this historical dimension.
As part of this research I also visited two muqarnas workshops. From this
experience I was able to begin to connect the various strands of my research; the
lessons that I had learned from the Il-Khanid Plate and from the works of al-Kashi;
and the work of mathematicians and architects, including Yvonne Dold-Samplonius,
Mohammad Ali Yaghan, and Shiro Takahashi; with the practical nature of the crafts
that had been inherited from one generation to the next.
The first part of the documentary features the following buildings:
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1:
Name:
Year:
Use:
Style:

Bimaristan Nur al-Din
AD 1154
Museum of Medicine & Science
Zengid period

2:
Name:
Year:
Use:
Style:

Al-Madrasa al-Nuriyya al-Kubra
AD 1167
School
Zengid period

3:
Name:
Year:
Use:
Style:

Damascus Citadel, eastern entrance
AD 1203
Citadel Gate
Ayyubid period

4:
Name:
Year:
Use:
Style:

Al-Madrasa al-Adiliyeh
AD 1223
School & Mausoleum
Ayyubid period

5:
Name:
Year:
Use:
Style:

Al-Madrasa al-Zahiriyah
AD 1281
School & Mausoleum
Mamluk period
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6:
Name:
Year:
Use:
Style:

Tinkiz Mosque
AD 1318
Mosque
Mamluk period

7:
Name:
Year:
Use:
Style:

Al-Thaqafy Mosque
AD 1411
Mosque
Mamluk period

8:
Name:
Year:
Use:
Style:

Hammam Tairouzi
AD 1445
Public Bath
Mamluk period

9:
Name:
Year:
Use:
Style:

Al-Madrasa al-Shadhbakiyeh
AD 1453
School
Mamluk period

10:
Name:
Year:
Use:
Style:

Minaret Qait Bey
(addition to the Umayyad Mosque)
AD 1488
Minaret
Mamluk period
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11:
Name:
Year:
Use:
Style:

Al-Sibaiyeh Mosque
AD 1515
Mosque
Mamluk period

12:		
Name:
Al-Snayniyeh Mosque
Year:
AD 1590
Use:
Mosque
Style:
Ottoman period

13:
Name:
Year:
Use:
Style:

Hammam Fathi
AD 1743
Public Baths
Ottoman period

14:
Name:
Year:
Use:
Style:

Al-Azem Palace
AD 1750
Private Residence (currently a museum)
Ottoman period

15:
Name:
Year:
Use:
Style:
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Khan Asad Pasha
AD 1752
Private Residence, Commercial & Hotel
(presently serving as a cultural building)
Ottoman period
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16:
Name:
Year:
Use:
Style:

Bait Mardam Bey
AD 18th C
Private Residence
Ottoman period

17:
Name:
Year:
Use:
Style:

Bait Khalid Al Azem
AD 18th C
Private Residence (former)
Ottoman period

18:
Name:
Year:
Use:
Style:

Bait Nezam
AD 18th C
Private Residence (former)
Ottoman period

19:
Name:
Year:
Use:
Style:

Bait Al-Sebaai
AD 18th C
Private Residence (former)
Ottoman period

20:
Name:
Year:
Use:
Style:

Muqarnas Mihrab
(part of the Umayyad Mosque)
AD 18th C
Mihrab
Ottoman period
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Fig 1.78 Screenshots from the documentary film.
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Fig 1.79 Screenshots from the documentary film.
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Fig 1.80 Screenshots from the documentary film.

174

section 1.3

175

chapter one
Fig 1.81 Isfahan,
Friday Mosque. The
muqarnas units are
deteriorating
and
this helps reveal the
structural elements
that are holding the
muqarnas units to
the structural vault
of the building.
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1.4

TOOLS, MATERIALITY & CONSTRUCTION METHODS

In this, the fourth and final section of chapter one prior to the conclusion, I look into
the tools, the materials and the construction methods utilised in the production of
traditional muqarnas.

Tools
The main tools used for designing buildings and forming patterns by traditional
Arabic artists were set-squares and compasses, as well as a thread to measure
right angles. These tools were used to ensure a framework for the harmonious and
proportional relations between the dimensions110. As Alpay Özdural mentioned in
his article, ‘An Analysis of the Geometry of Stalactites’:
A tenth century mathematician, Abu’l Wafa el-Buzani, informs us that in
his time craftsmen were using konye (set-squares) for drawing lines. An
anonymous Persian craftsman-geometrician, possibly from the twelfth century,
was actually using konye for 30° and 36° angles.111
It may therefore be assumed that the same tools might have been used for
producing a plan of a muqarnas. According to Özdural, Abu al-Wafa’ Buzjani says
that in addition to konye (set-squares), craftsmen had access to instruments for
drawing such as perjal (compasses) and mastra (rulers).112 Özdural has also written
about the tools that were used in the past and which are used in present day
workshops:
The surveying technology had not changed much in the fifteenth century
since ancient times. Ancient Egyptian and Roman masons were using identical
instruments for levelling: an A-shaped frame with a plumb bob (plummet)
suspended from its vertex. … These instruments were all designed according
to the same geometric principle: the altitude of an isosceles triangle divides
it into two equal right-angled triangles. … In modern Iran, masons are still
working with similar instruments. 113

110. Haidar, K. The
Arabic and Islamic
Architecture: Graphic
Characteristics of
Muqarnas, 113

111. Özdural, A. An
Analysis of the Geometry of Stalactites:
Buruciye Medrese in
Sivas.
112. Abu al-Wafa’
Buzjani (940–998 AD)
was a Persian mathematician and astronomer who worked in
Baghdad.

113. Özdural, A. An
Analysis of the Geometry of Stalactites:
Buruciye Medrese in
Sivas,
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Fig 1.82 Construction sequence of a
traditional
muqarnas.
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Materiality & Construction
In the second section we looked at the origins of muqarnas and identified the following
designs as being amongst the earliest known examples of them:
Name

Country

Type

Material

Date

Nishapur
Gunbad-i ‛Ali
Qal‛at Bani Hammad
Minaret of Badr al-Jamali
Imam ‘Abdullah al-Dur

Iran
Iran
Algeria
Egypt
Iraq

Remains
Minaret
Ceiling
Minaret
Mausoleum

Stucco
Mortared Rubble
Stucco
Stone
Brick

9th/10th C
1056
11th C
1085
1085

It is particularly notable that amongst these five early examples of muqarnas, four different
construction materials are used. This is largely due to the fact that construction materials are
generally heavy and difficult to transport. Consequently buildings tended to be constructed
from materials that could either be sourced locally, or were relatively easy to transport.
Broadly speaking traditional muqarnas tend to be constructed from one of four materials;
stucco, brick, stone, or wood. However, in many cases the muqarnas are clad with a
different material, such as plaster, ceramic tile, mirror tile or paint.

Stucco
As we discovered earlier in this chapter, the oldest known examples of muqarnasesque
forms (the triangular fragments unearthed by Charles K Wilkinson at Nishapur) were
constructed from stucco. Stucco was one of the most commonly used finishes in the
architecture of the Islamic World. Indeed it had been a popular construction material in
the region for many thousands of years having been commonly used in ancient Egyptian,
Mesopotamian, and Persian reliefs.
One of the great advantages of the material is that it can easily be used to cover over
cheaper and less attractive construction materials such as clay-brick and rubbled-mortar
(which in many regions were the only locally available materials). Secondly, stucco is
remarkably weather resistant and as such can be used both internally and externally. It
is lightweight and easy to mold (while wet), making it an excellent material for ceiling
vaults, and provides an ideal base for finishes, such as paint or tiles, and is also attractive
unadorned.
Perhaps the only drawback of stucco, is that it relatively fragile and is prone to crack (as a
building settles, or if it is impacted). However, even in ancient times the material could be
reinforced with the addition of plant fibres or animal hairs and in the event of damage it
could be easily repaired.
Stucco is of course a finishing material, and as such requires a base on which to be applied.
Writing in 1969, having visited contemporary construction sites in Iraq and Morocco,
Wilber made the following observations regarding the construction of these bases:114
Gypsum or wooden form strips are prepared corresponding to the outline of each
course and they are horizontally embedded within the growing system of stalactites
(muqarnas units)115

114. Wilber, DN. The
Architecture of Islamic Iran, the II Khānid
Period, 73

115. Özdural, A. An
Analysis of the Geometry of Stalactites:
Buruciye Medrese in
Sivas.
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Fig 1.83 An
example of Nasrid
plasterwork.

Fig 1.84 Delhi,
Qutb Minar. An
example of
Mocárabe
constructed from
brick.

Fig 1.85 Isfahan,
Friday Mosque,
1089. An example of
muqarnas
constructed from
brick.
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Indeed, similar observations had been made by Richard Phené Spiers in Persia during
the nineteenth century:116
The plan was first made out on the floor, the outlines at the several levels being
strongly marked out. Then thin slabs of stone were cut as the template of each
level, and subsequently built in the wall at the required height.117
With regard to the application of stucco to the Alhambra Palace, Victor Borges makes
the following observations:

116. Richard Phené
Spiers (1838 – 3 October 1916 London)
was an English architect and author.
117. Spiers, R. P.
Stalactite Vaulting, its
Origins in Saracenic
Architecture, Journal
of RIBA, 1888. P. 45.

The main component of Nasrid plasterwork is gypsum (hydrated calcium
sulphate). Retardants such as salts, glue or calcium carbonate were added to
slow the setting and permit carving while panels were still damp. Sometimes the
back would be reinforced with a rougher gypsum plaster containing sand and
fibres. On the samples taken from the mortars, only gypsum was found. As a
retardant, salts or glue may have been used. No trace of calcium carbonate was
found.
During the first period of Nasrid Art (1232-1314) the carving process took place
in situ with the ‘naqch hadîda’ technique (sculpture with iron tools). The gypsum
plaster was applied and then carved, following the design previously outlined
with dry point. The ornamental motifs were then carved at different levels with
the most important on top. To finish off, several white washes of lime or gypsum
were applied to soften the edges of the carving and blur the transition between
light and shadows.
With Muhammad III (1302) the technique became more standardised: moulds
began to be used. The design was drawn and cut in sections in order to make
moulds on wood or plaster. The casts obtained would be set in place while damp
with dabs of clay and sealed in with a gesso slurry. Finally the whitewash and
the polychromy, when required, were applied. All the fragments studied were
cast.118

118. Borges, V. Nasrid
Plasterwork: Symbolism, Materials &
Techniques

Brick
Brick or clay was a popular choice of material for muqarnas, due to the fact that it
was often cheap and readily available. Furthermore, it could be used either to form
simple bricks, or moulded into more complex three-dimensional forms.
As such the shrine of Imam Dur is constructed primarily of simple bricks, however
its dome is constructed from larger three-dimensional clay units, which are stacked
on top of each other to form a striking muqarnas structure the geometry of which is
visible on both the interior and exterior.
Other muqarnas-like structures have been constructed from simple (rather
than specially formed) bricks. The north-eastern dome of the Friday Mosque of
Isfahan, which was built between 1088-89, is constructed almost entirely out of
bricks. Although it is possible that this brick structure was once clad in a different
material (i.e. stucco), it seems more likely that the architect chose to leave the brick
unadorned.119

119.
Archnet.
"Masjid-i Jami'
(Isfahan)"
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Fig 1.86 Detail of
carved stone muqarnas.
Source:
Author's photo

Fig 1.87 An
example of small
scale wooden muqarnas on a piece of
Ottoman Era furniture.
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Stone
Like their brick counterparts, stone muqarnas have to be structurally self-supporting
as they are too heavy to hang. The structural logic of stone muqarnas is essentially
a development of corbelling techniques that have existed since Neolithic times.
Given their relative complexity, stone does not easily lend itself to more intricate
muqarnas compositions. However, the fact that it is relatively hard wearing makes
it a more natural choice for building exteriors and as such stone muqarnas most
commonly feature on minarets and portals.
Stone muqarnas portals were first developed in Syria during the thirteenth century,
with early examples featured in the Mashhad al-Husayn (Aleppo, 1183-96), the
Eastern Gate of the Damascus Citadel (Damascus 1203), and the Madrasa alFirdaws (Aleppo, 1235-36). Following the capture of Damascus by the Mamluks in
1260, similar multi-tiered portals began to appear in Egypt, following their probable
introduction by ‘Sultan Baybars Al-Bunduqdari, who used it as a monumental
entrance to his madrasa’, which sadly no longer exists.120
With regard to construction techniques, one can only speculate as to how craftsmen
used to work. However, nowadays, different techniques are used to assemble a
stone muqarnas. The pieces are engraved on the ground, overlooking minor but
subtle details. Contours of the layers drawn on the top and bottom surfaces of each
stone piece act as guidelines for traditional craftsmen, who use a template of paper
to copy the outline of the layer on stone or draw directly on it using their tools.

120. Kashef, M. Bahri
Mamluk Muqarnas
Portals in Egypt: Survey and Analysis.

When all the layers are approximately formed on the ground, they are elevated and
positioned jointly in horizontal layers, starting with the lowest. The craftsmen are
then able to perform minor adjustments to enhance the details of the muqarnas
units, operating like sculptors.

Wood
As we saw earlier in this chapter, wood was used to spectacular effect in the
muqarnas vault of the Cappella Palatina in Sicily (1132-43). However, wooden
muqarnas compositions of this size are not common. Wooden muqarnas are more
typically featured in smaller pieces of interior design, such as mihrabs and friezes
and are more commonly used in domestic interiors. They are also featured in
various types of furniture.
While it is entirely possible to construct large muqarnas units from flat pieces
of wood, or from board, wood muqarnas units are more typically carved from
solid pieces of wood. Indeed this is the technique that is employed by the two
Damascene workshops that I visited in the latter part of 2015. These visits, which
are also featured in my accompanying documentary film, are described on he
following pages.
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Fig 1.88 A
traditional
muqarnas
mihrab in the Yaser
Worksop in the Old
City of Damascus.
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Workshop Visits
During my research, I visited two workshops: the Radwan (Na’anoos) and the Yaser
(Alkahwahji) workshops, where a variety of Islamic patterns are produced, the most
renowned of which is the muqarnas. One of the ways that I learned to understand
traditional muqarnas and how they were constructed was by visiting these abovementioned workshops. There, muqarnas are currently being produced as a
traditional craft, with the old designs, compositions and units being copied, using
traditional tools and methods.
In spite of the war at the time of writing, the workshops were, and still are, active.
However, no work is done for Syrian clients; rather, the workshops export their
products to other countries. The front of the workshops are filled with traditional
elements of Islamic art, such as lamps, tables and cupboard doors, and in one of the
workshops there is even a wooden mihrab muqarnas from the Mamluk era. Both
workshops are run as a family business, for example Radwan workshop is run by
himself, his son and his nephew.
According to Radwan, muqarnas construction has always been seen as a craft in
Damascus. Radwan explained that because it is a family business, family members
start to learn their craft at an early age.
I was very eager to see some of the drawings for traditional muqarnas and to
witness how the plans and sections were constructed. I asked whether creating
muqarnas required a major sketch before the construction process began and what
tools craftsmen used for their work. I was surprised to learn from Radwan that he
simply imagines the muqarnas he would like to build.
For him, making a muqarnas does not need any pre-designed plan or sketch; it is
the outcome of his imagination and creativity. He initially examines the space for
the muqarnas and decides where to start the designs to reach the ceiling. He said
that traditionally plaster and a type of herbal rope made of teak were used to attach
the muqarnas to the structure above, but that today metal is more commonly used
instead.
The concept is in my head and I have many bundles of different units in my
workshop; I pick and choose from every bundle, and create the parts which
lead to the whole already imagined.
The final outcome of the muqarnas design has already been imagined by Radwan
before he begins his construction, and he will decide on the muqarnas form,
depending on whether, for example, it is for a mihrab, a dome or for a column
capital, once he has examined the space provided. It is essential to examine this
space, and Radwan will be taking into account both the depth and the height of it.
Having examined these two variables, he will decide on the size of the muqarnas
unit and how many layers of these units he will need to cover the particular space.
Accordingly, he starts to choose the units from the bundles in his workshop, which
contain ready-made units of different shapes and sizes. He will then put them
together and, as he works, he will choose more components to place in his design.
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Fig 1.89 Two
craftsmen creating a
muqarnas configuration in the Radwan
workshop.
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The configuration of the final outcome of the muqarnas will be created gradually
and put together slowly.
The main component, the tarbia, is so called because in Arabic the word means
a piece that has a square shape, and ancient artists considered the square to be
the basis for achieving proportionality and consistency. It achieves integrated,
balanced, simple and stable relations between its parts. These characteristics were
inspired by the essence of the Islamic religion, which is based on simplicity, balance
and stability. The square shape is the basic form of the modular unit, which is a
cuboid form.
In addition to the square Muslim artists and architects adopted other shapes and
forms, including the following:
I.

The circle, when a circle is inscribed in a square, the diameter of the circle
is equal to the side length of the square.

II.

A right-angled triangle, the result of dividing a square into two equal
halves.

III.

A ‘golden’ rectangle, the outcome of a square.

IV.

A diamond-shaped quadrilateral with two 45-degree angles (a rhombus).

In addition to the tarbia in Damascus, the modular units of muqarnas created from
diamond shapes are known as makooks in Arabic, which are usually used only in
Damascene craft workshops.
The above-mentioned shapes are the main geometrical configurations used to build
the modular units of the muqarnas. When these shapes materialise, the niche and
the stalactite are produced.
These units may be assembled in various ways, depending on the required design.
Each combination of muqarnas units has a different name according to the place
where it is situated in the building. For example a particular combination of units is
known as al-Sirwal, which is placed only in the four corners of a ceiling.
In November 2015 I once more visited the Radwan workshop to film a wooden
muqarnas being assembled where a rhombus was being created, a specific unit I
was investigating at the time. Unfortunately, however, I was told that the craftsman
who had been responsible for producing this particular unit had fled to Turkey. He
had been one of the few people left in the Old City of Damascus who knew about
muqarnas units and had the knowledge and experience to create these complex
configurations. It is hoped, therefore, that this documentary film adds value to both
this and future research in the field of Damascene muqarnas, particularly because
these buildings are considered likely to be destroyed by bombing and to therefore
disappear permanently.
Currently, on account of the political situation, the Old City of Damascus is struggling
to stay alive. Buildings are in need of continuous renovation, which often proves
to be very costly. This financial cost, coupled with the competition of modern,
low-cost and easy-to-maintain buildings, has created a problem with regard to
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Fig 1.90 A muqarnas arrangement to
cover
a
mihrab,
composed
by
craftsmen at the
Radwan workshop.

Fig 1.91 A
linear
muqarnas arrangement to cover the
transition
area
between the wall
and
the
ceiling,
composed
by
craftsmen at the
Radwan workshop.

Fig 1.92 Close-up
of wooden units at
the Radwan workshop.
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the preservation of Old Damascus. Furthermore, the crisis that has befallen Syria
over the past seven years has proved very difficult, even for those willing and able
to renovate their traditional houses, owing to security considerations. Moving
materials in and out of Old Damascus is currently almost impossible, and thus a
noticeable deterioration has lately been apparent in the city.
Visiting those workshops was insightful and I tried to capture this inherited
knowledge and skills of Damascene craftsmen in my documentary film. The craft
of making, designing and fabricating traditional muqarnas is based on two major
techniques: modularisation (composition of modular units) and pre-design, or
pre-fabrication (units assembled in horizontal tiers packed one on top of another
without any overlap). This is how those muqarnas used to be constructed
traditionally. The transcripts from these interviews are presented below:

Transcripts (translated)
Craftsmen Workshop - Radwan
This modular unit is called a Tarbia, and it is called this because ‘Muraba’ in
Arabic means ‘a square shape’ and thus ‘Tarbia’ in Arabic means ‘a piece that
has a square shape.
Even if you put these modular units in the wrong way, or you have forgotten
where to place it, you feel that the modular unit leads you to its correct position.
When we try to put the modular units in a certain way and we notice that they
did not fit right, we simply change their positions and we usually know if their
position is right.
They do not look right, unless their positioning is where it should be. Thus the
components in a way guide you and tell you when the fit is absolutely right.
There are two parts of the Tarbia: the ‘niche’ and the dangling part, which is
called the ‘stalactite’. The entire stalactite parts should be put together and all
the niche parts should be put together.
The edge above the stalactite and below the niche should fit with the other
similar edge in other Tarbia.
When we put the stalactites together and they appear dangling in a dome or Mihrab,
the muqarnas then appears to be complex. The colour also adds to the complexity
because it becomes difficult to distinguish components, one from the other.
Each different combination has a different name according to the place in which it
will be situated. For example a certain combination of the components is called ‘alSirwal’ and it is put in the corners of the ceiling, only in the four corners of the ceiling.
When layers are added on one side of the shape, the depth of the muqarnas
changes. By changing the positions of the tarbia one can produce depth of
the muqarnas and also depth in higher layers or in any direction. This will
create different compositions of muqarnas.
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Stone
Usually the craftsman works on one piece of marble on which he makes the
design through engraving, producing by that, the niche and the stalactite
while the higher part of the marble remains as it is.

Fig 1.93 Opposite:
scenes
from
the
Radwan workshop.

If we want to make the muqarnas have more depth, we choose a thick piece
of marble so that we do the niche and the stalactite, and through engraving
the marble we have different depths or what is called ‘fajawat’.
The depth of the muqarnas made of marble depends on the thickness of the
marble and on the amount of different engravings we do to produce different
shapes or different compositions.
This is another combination especially for frieze, which is known to fit either
around the ceiling or any straight line.
It is the combination of the tarbia that produces different shapes, sizes and
different modules. The varied repetition of the positioning of the pieces is the
one that produces different shapes and different combinations with different
sizes and for different usages.
When we remove these components and use the other ones, a new
composition will emerge and we will repeat it again. This becomes a new
composition, and so another layer can be added.
If you want to add depth, you add complexity to the muqarnas, through using more
components. Notice, in order to do this depth, how many components I used.
There are different methods and ways that could be applied in order to
achieve this depth. This depth is called a chamber (in Arabic it is called
‘fajweh’, which means a ‘chamber’) and I can place them in a linear way in
one horizontal layer, or in a diagonal way across the muqarnas. But I will
need more components to be able to achieve this.
When we put four components of Tarbia together in this way, it is called
‘nafra’, which means in Arabic ‘protruding’. If I had two more components
here, I would have achieved the fajweh (chamber) next to the nafra
(protrusion).
He then took me through several typical assemblies.
The result of placing these four pieces of tarbia in this way is this composition
of fajweh (chamber). This could be repeated on different layers or levels.
This combination can be used as a frieze on a wall surface or in the corner of
the rooms and it is called al-Sirwal.
It is noticeable that the niche part and the stalactite part of the tarbia have
the same height. So sliding these components next to each other, in a way
that the niche meets another , or meets the nose, a different module or
design of the muqarnas will ensue.
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Fig 1.94 Scenes
from the Yaser Workshop in Damascus.
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Look at this component, wherever you place it, it will arrive to its right position
on its own, because it is clear that they should meet here, at this point, where
the niches from two tarbia meet and also the stalactite parts meet as well.”
The way you position two tarbia next to each other, in a way they compose this
niche, if they are looking towards each other, or in a way dissonant like this.
We can elevate the components upwards, so we will have this composition.

Craftsmen Workshop - Yaser
All the tarbia (modular units) should have the same size, and the ‘fargha’
(niche elements) and the nose-Minkhar (stalactite) should have the same size
as all of the other components. Otherwise, it will not work, because they will
not be able to match, the tarbia size could vary.
It could be 3 cm x 3 cm or 4 cm x 4 cm. Here, these are 4.5 cm x 4.5 cm. The
craftsmen control the size of the modular unit tarbia. Bit the chosen size is
definitely the size of all the pieces you make.
But here the material of the wood took over and controlled the size of the
component.
For muqarnas made of wood, we use the ‘Rumi’ wood from Ghouta of
Damascus. Most muqarnas in Damascene houses are made of this kind
of wood. This is a Syrian kind of wood from Damascus Sghota that is cut in
January.
This composition is used when we want to have dangling parts of the
muqarnas. I can do other compositions, like a frieze on a wall. In this gap,
floral patterns could be drawn or pearls can be entered in the design here.
Also, using the same process, I can do another layer. Another variation I can
give is by reorganising the components to have a bigger gap from the previous
compositions.
This wood is cut only in December and January because it is dry at this time
with no water and it is firm, hard and it’s easy to handle. From experience
Damascene people know that they cut it at this season. This will prevent the
wood from rotting.
The wood shape differs completely if it were cut with or without leaves on it, if
it has leaves the product will be fragile wood.
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Fig 1.95 Damascus,
the Umayyad Mosque,
8th century.

Fig 1.96 Damascus,
the Umayyad Mosque,
8th century.
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CONCLUSIONS
This chapter is the foundation of the thesis, as it outlines the background of
traditional muqarnas, and has largely been concerned with historical research
related to this unique Islamic architectural form.
As mentioned in the introduction to this thesis, I have based the four principal
sections of each chapter around the following four aims:
Firstly, History & Culture (AD 622-1924), secondly, Development of Traditional
Muqarnas, Thirdly, Geometry, and finally,   Tools, Materiality & Construction
Methods. Therefore, I have divided this conclusion into four parts in order to
answer these four ‘threads’/ aims. Here, in the conclusion, I will be reflecting on the
findings of those aims in the four parts, respectively.

1: History & Culture (AD 622-1924)
I wish to explore the reasons why it is important to preserve, revive and to develop
vernacular forms and why one should refer to the past whilst looking to the future.
In the first section of chapter one I looked at the past and traced the development
of the architecture of the Islamic world between 622 and 1924. Perhaps the first
question that needs to be answered, is why it is necessary to ‘refer to the past’ at
all. This is perhaps best answered by the frequently quoted sentiment that ‘those
who fail to learn from the mistakes of their predecessors are destined to repeat
them’. Furthermore it is important to recognise that humans have most successfully
developed by building on the achievements of the past. ‘If I have seen further it is
by standing on the shoulders of giants.’121
What is very clear from the first section of chapter one is that the architecture of
the Islamic world was very much built upon that which preceded it. Not only that,
but it would also influence the architecture of other cultures, and in turn continue
to be influenced by external sources. As such, we saw how the Umayyad Mosque
was literally built upon, and indeed with, the remains of both the Roman temple
and the Byzantine Christian Cathedral that had preceded it. Furthermore, the
layout of the mosque had been based upon that of converted Christian churches,
and would in turn become a prototype for future mosques.
The fact that the design of the Islamic mosque follows that of the Christian
church provides a neat parallel to the fact that Islam very much developed from
Christianity, which in turn had developed from Judaism. The fact is that the
religions have an enormous amount in common, indeed it would be a blessing if
more people recognised that ‘we are far more united and have far more in common
with each other than things that drive us apart.’122

121. Isaac Newton
(1675)

122. Jo Cox (2016)

Another question that needs answering is how attached to religion is the
architecture of the Islamic world? Given that I have just mentioned the words
‘mosque’ and ‘Islamic’ one might conclude that they are inextricably linked,
however the real answer to the question is far more nuanced. The fact is that ‘unlike
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Christian art, Islamic art isn’t restricted to religious work, but includes all the artistic
traditions in Muslim culture’123. As such, the architecture of the Islamic world is
not restricted to religious buildings, but is also found in a variety of other buildings
including schools, hospitals, hammams, palaces and houses.
Furthermore, the design and construction of these buildings was not restricted
to practitioners of the Islamic faith. Although Muslims often formed the majority
in the Arabic speaking world, and consequently dominated the practise, there
are a number of very notable exceptions. These include countless numbers of
Greek and Armenian architects and artisans who made important contributions
under the Ottomans, as well as the era’s most celebrated architect, Mimar Sinan,
who is believed to have come from an Orthodox Christian background124 (before
later converting to Islam), yet was responsible for some of the most celebrated
architectural works of the Islamic world, including the Süleymaniye Complex in
Istanbul and the Tekkiye Mosque in Damascus.
What this proves is that it was not considered essential for the designers of even
the religious buildings to be practitioners of Islam. Furthermore, the Orientalist
writer Titus Burckhardt argues that Arabic, the language of the Koran, is not only a
spoken tongue, but also a mode of thinking125. ‘Arabic determined to a greater or
lesser degree the “style of thinking” of all Muslim people’126, ‘and this was reflected
in all their other forms of expression, including architecture and art’.127 Writing in
2016, Marwa al-Sabouni, even questions the use of the term ‘Islamic architecture’:
Even the term ‘Islamic Architecture’ has caused confusion and led to
stereotyping when understood as the ‘Architecture of Islam’. The architecture
that was produced from the eighth century until the late seventeenth century,
from the tail end of Umayyad rule until the decline of the Ottoman Empire,
and that was spread from Mogul India to Morocco and Andalusia, was not an
architecture of religion but the result of that religion on people who believed
in and lived through it. So although it has manifested the Islamic conceptions
of the people who produced it, it remains as their understanding, their
interaction, and should not be understood as an architecture based on Islamic
law or anything like that.128
Throughout the course of this thesis, I have been careful to avoid using the term
‘Islamic Architecture’ and have instead used the term ‘architecture of the Islamic
world’. The distinction is of vital importance as we seek to create a world that
celebrates difference, yet at the same time preserves the rich cultures that have
developed over the course of human history. Human culture has not evolved based
on a tabula rasa approach. While it can be interesting to examine new ideas while
not bound to any restrictions, one should at the same time understand the Hegelian
concept of ‘thesis, antithesis and synthesis’, which recognises that seemingly
conflicting ideas are able to combine to create something new and unexpected.
This idea will be further investigated in Chapter Two.

conclusions
2: Development of Traditional Muqarnas
I wish to document the architectural/aesthetic development of muqarnas,
from their inception, to the present day and to propose ways that they might
develop in the future.
I began the second section of Chapter One by attempting to trace the architectural
origins of muqarnas, before describing how they subsequently developed in the
various different parts of the Islamic world. Although it was impossible to say with
any certainty where and when the first muqarnas compositions appeared, there
was a strong case for the theory that they were initially developed in Nishapur (in
north-east Iran) during the eighth or ninth century.
Arguments were also presented for examples of muqarnas (and muqarnas-like
forms) in Arbarku (Yazd Province, Iran), Qal’at Bani Hammad (Algeria), Cairo (Egypt)
and Samarra (Iraq). Each of these are thought to date from sometime during the
eleventh century, however, each example has remarkably different characteristics,
not to mention their diverse locations. As such, we see a muqarnas-like cornice
(constructed from mortared rubble) in Iran; a non-structural stucco ceiling in
Algeria; structural stone transitions in Egypt; and a muqarnas dome constructed
from structural brick elements in Iraq.
Again, it is impossible to know if there is any link between these different structures.
There is simply no way of knowing if the people who designed and built these
structures had any awareness that similar structures were being built elsewhere.
Indeed it seems highly likely that at least one (and potentially all) of these structures
would have been designed independently of one another. The reason why this
is possible is that muqarnas are governed by very precise geometries. These
geometries cannot be invented, they can only be discovered, and there is no reason
why they might not have been discovered in several locations concurrently.
After discussing the inception of muqarnas, I went on to describe how they were
developed across the Islamic world between the eleventh and twentieth centuries.
I described how tall conical muqarnas domes, including that of the Zumurrud
Khatun Mosque in Baghdad, were further developed in Iraq, before spreading
to neighbouring countries. How muqarnas were developed in Iran, first with
the addition of turquoise tiles, and at a later, during the Safavid era, with sevencoloured tile mosaics. We saw how muqarnas were developed in Egypt and Syria,
where stone became a popular choice of construction material, as well as examples
from Sicily, where highly elaborate muqarnas were constructed from wood. We
also discovered how the art-form spread to Anatolia, where they were used for a
diverse range of architectural applications.
What we did not witness however was any really profound development in the
art-form. If one compares the earliest examples of muqarnas with the later ones
what is the real difference? We see muqarnas applied to different architectural
elements, yet the geometry remains consistent. We see the adornment of the
muqarnas develop, yet again there is relatively little development in their geometry.
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This is of course due to the fact that muqarnas are controlled by a very precise set
of geometrical rules. One cannot simply invent geometrical rules, and so we have
to accept the geometrical limitations of traditional muqarnas forms.
However, this does not mean that the development of muqarnas is permanently
stunted. Traditional muqarnas forms were limited in terms of their geometry
because they had to be relatively simple. They had to be based on a limited
number of repeated elements in order that they could be designed and constructed
with relative ease. However, since the invention of the Computer Aided Design
(CAD) and Computer Aided Manufacture (CAM) we are no longer tied to the simple
geometries of the past. As such, there exists a huge potential to revisit traditional
forms, such as muqarnas, within a digital environment and this will provide one of
the principal focal points of the following chapters.
Furthermore, there also exists the potential to develop muqarnas in a way that they
will be able to perform environmental and structural functions as well as aesthetic
ones. Although a large number of muqarnas compositions are non-structural
and perform only aesthetic functions, this research has identified a number of
examples, such as the dome of the Zumurrud Khatun Mosque in Baghdad, where
the muqarnas perform structural functions, as well as environmental ones (i.e.
letting in reflected natural daylight). As such, these performative muqarnas will be
further investigated in the following chapters.
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3: Geometry
I wish to study how the mathematics and geometry behind muqarnas has
developed over time, and how one can utilise contemporary computing
techniques in order to generate new forms.
When one experiences the great architectural works of the Islamic world, such as
the Umayyad Mosque (Damascus), the Alhambra (Granada) or the Great Mosque
of Cordoba, it is difficult not to be inspired. Viewing these works as an architect
however, it is also difficult to resist a certain feeling of awe, when confronted with
the incredible levels of intricacy and detail that these structures possess. The
attention to detail within these buildings can seem unending as Dalu Jones writes in
his essay ‘Surface Pattern and Light.’
The layers of surface decoration are increased and the complexity of visual
effects enriched by the use of carpets and cushions, which often reflect the
same decorative schemes as those found on walls and ceilings. Floors and
ceilings contribute to the fluidity of space by the nature of their decoration,
since they are often patterned in the same manner as the walls; sometimes,
in the case of floors, the decoration actually reproduces carpets. The tomb of
I’timad ad-Dawla in Agra, for example, has an inlaid marble floor that exactly
reproduces the designs of Mughal carpets.129
By applying similar patterns to the different elements of an interior, the architects
and artisans of the Islamic world were attempting to create a sense of continuous,
or infinite, space that would unify the different parts of the building. Indeed the
concept of unity is very much at the heart of Islamic theology and translates into
Arabic as ‘tawhid’, the ‘oneness of God.’ It is central to Islamic belief that all people
are equal, regardless of culture, race and gender and that unity can be achieved if
we all adhere to the same set of rules.

129. Mitchell, G
(ed.). Architecture of
the Islamic World: Its
History and Meaning,

This same concept applies to the architecture of the Islamic world. By following the
same set of rules, unity can be achieved, not just within a single building, but within
an entire city. Furthermore, this sense of unity is not limited to individual cities, but
extends across continents, so that buildings such as the Alhambra, Taj Mahal and
the Great Mosque Xi-an can be found in locations as diverse as Granada (Spain),
Agra (India) and north-west China, yet still be bound by a similar aesthetic.
What connects these buildings, without negatively affecting their own individual
identities, is the fact that their designers follow the same set of geometric rules, in a
similar way to how Muslims, throughout the world, follow the same set of religious
rules. As such, we saw in this chapter how the architects and artisans of the Islamic
world made use of pattern books such as the Topkapi and the Mirza Akbar scrolls in
order to communicate these rules. This allows us to understand more easily how
these works of apparently infinite complexity were created.
Furthermore, we saw how these seemingly complex patterns can be further broken
down into a very small number of individual elements. As such, we saw how a huge
number of different tessellations are in fact composed of a very limited number of
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different units. Similarly, we saw how the vast majority of muqarnas compositions
are made up of just fourteen different units and intermediate elements. With this
knowledge one can begin to look at the seemingly complex geometries of these
buildings in a very different way. As such, while they often appear to be extremely
complex, they are in fact based on hidden geometries, which are themselves
relatively simple to understand.
One of the great advantages of using these geometric systems, where seemingly
complex geometries are based on simple grids, is that it allows architects and
artisans to express their individuality within the grid, while at the same time
ensuring that a greater sense of unity (across the grid) is left undisturbed. As such,
one can see how both Gaudi and Escher were able to create seemingly complex
tiling designs that were in fact based on extremely simple hexagonal grids. However,
while Gaudi limits himself to working within the grid, Escher demonstrates that it is
also possible to cross the grid as long as you do so in a very specific way.
The same is undoubtedly true of muqarnas, and it remains one of the key aims
of this study to investigate how this art forms may be further developed with the
use of contemporary computing techniques. However, one of the key lessons that
I have learned through writing this chapter is that there are enormous lessons
to be learned from the underlying geometric principles upon which so much of
the art and architecture of the Islamic world is based. While one of the defining
attributes of early modernist architecture was a desire for simplicity, expressed
most succinctly by the phrase ‘less is more’, the pendulum has in recent years very
much swung the other way.
As such we have buildings like the Heydar Aliyev Centre in Baku and the The
Guggenheim in Bilbao, the forms and construction of which were only made
possible by utilizing cutting edge Computer Aided Design (CAD) and Computer
Aided Manufacture (CAM) techniques. These buildings not only look complex, they
also tend to be very complex and the reason that they remain the exception, rather
than the norm, is that they are extremely expensive to produce. In many ways they
are the antithesis of the idea that ‘less is more’, while the architecture of the Islamic
world could easily be described as making ‘more from less’.
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4: Tools, Materiality and Construction Methods
I wish to study how muqarnas have been manufactured throughout history and
to explore how they may be manufactured in future. I also intend to investigate
how they might be developed to perform structurally and environmentally.
At the beginning of the fourth section of chapter one, it was noted that the five
earliest existing examples of muqarnas were constructed from four markedly different
construction materials, stucco, mortared rubble, stone and brick. By the middle of the
twelfth century a fifth material, wood, would be added to this list. Despite the fact that
muqarnas compositions share a common geometry, each of these materials possess
very different characteristics and lend themselves to significantly different construction
techniques.
Stucco, although it can be strengthened with fibres to form panels, is essentially non
structural. It is the most malleable of the five materials and as such the most expressive.
Mortared rubble, however, is a rough aggregate material that cannot be used to form
fine details and must, by its nature, perform structurally. Stone, when used to form
muqarnas, must also perform structurally. Furthermore, stone muqarnas will often
feature larger blocks that are carved in such a way that they appear to be composed
of several units. Clay can be used to form non-structural panels, or structural units and
like stucco is fairly malleable. Although wood lends itself to a structural role, wooden
muqarnas tend not to perform a structural function when used to adorn ceilings.
The question must then be asked, why were so many different materials used? The
most likely answer to this question is that the designers and builders tended to use the
materials that were immediately to hand. Although materials such as stone and wood
were transportable, the cost of moving construction materials remained restrictive
until the introduction of railways, which even then were never widely introduced
across the Islamic world. Furthermore, transportation by land was around twenty
times more expensive than transportation by water, so the movement of stone across
land was necessarily limited.
With regard to materials then, the architects and artisans of the Islamic world showed
a similar degree of resourcefulness as they did with the appropriation of existing styles
and construction techniques. With regard to choosing a material and method of
manufacture for a contemporary muqarnas, there is therefore little merit in restricting
oneself to historical materials and construction techniques. Had the artisans in ancient
times had access to modern materials, then there is little doubt that they would have
made use of them.
For the purpose of this thesis however, it remains my intention to draw inspiration
from certain examples of muqarnas in order to develop my own contemporary
version. As such it remains my intention to develop a muqarnas that like the domes
of Zumurrud Khatun Mosque in Baghdad (AD 1200) and the Al-Madrasa al-Nuriyya
al-Kubra in Damascus (1167), is able to perform both structural and environmental
roles. However, it does not make sense to overly restrict one’s choice of materials and
construction techniques until one has further developed one’s design.
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introduction
INTRODUCTION
This chapter is carrying out a contemporary research on muqarnas form, covering
the time period since late nineteenth century up to the present, as well as focusing
on the changes on Damascene architectural scene and how that affected the
patterns and crafts. The emphasis of this chapter is to explore the current research
on muqarnas together with historical art terms, design technical terms in addition to
reviewing the contemporary software and fabrication terms. All those examinations
will build an understanding of contemporary muqarnas design attempts, both their
success and failures, and build a foundation for the thesis design studies of chapter
three.
This chapter is shaped from four sections, headed by this introduction and followed
by a conclusion, where I review the findings of this chapter.
The aim of the first section is to explore why the traditional Damascene muqarnas
were abandoned in early twentieth century and when they were rediscovered again
and the reasons of that sudden interest again in the notion of patterns, muqarnas
among them. Also, I examined the architecture and urban planning in Damascus
over the past century.
The second section reviews the contemporary research of muqarnas design,
in technical design terms, through a number of case studies made by current
researchers and designers.
The third section I reviewed the recent research on contemporary muqarnas
through different fields, such as mathematics, computation and architecture,
by researchers such as Yvonne Dold-Samplonius, Mohammad Ali Yaghan, Shiro
Takahashi, Gülru Necipoğlu and Farshid Moussavi.
The final section in this chapter, investigated computer tools and specific software,
such as Rhinoceros and Grasshopper, which currently aid the design process,
together with current manufacturing techniques. They depict the process of reviving
muqarnas by creating modern shells, with the use of new unit designs and new
compositional techniques. Knowledge of material behaviours and structural systems
is required in this research, as well as an understanding of spatial organisation,
cultural implications and muqarnas as geometry.
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2.1

THE DEVELOPMENT OF MODERN DAMASCUS

In Section 1.1 we looked at the development of architecture in the Islamic World
between 622 and 1922, a period of precisely thirteen-hundred years. In this section
I will focus on the city of Damascus and will examine how it developed during and
after the modern age.
While it is not possible to precisely define the beginning of the ‘modern age’ in
the Middle East, Tagharobi and Zarei suggest that ‘the first movements toward
reform started in the nineteenth century and culminated with the introduction of
constitutions and parliaments into the Persian, Arab, and Ottoman monarchies.’1
Given that Damascus was part of the Ottoman Empire, it therefore makes sense
to identify the Tanzimat (re-organisation) period (1839-1876) as the beginning of
‘modernism’ in Syria.

1. Blackaller, L, Buza, K, Paluska, J.
“Piles of Tile: Advanced Symbolic
Programming”,

In their article ‘Modernism in the Middle East and Arab World’, Tagharobi and Zarei
identify ‘three waves of modernity’ that have influenced the development of the
Middle East over the past two centuries, they describe them as follows:
The first period is characterised by constitutionalism, parliamentarism,
literary experimentation, and a call to transform traditional ways of thinking
and living. This is a period of constitutionalism when intellectuals in Egypt,
Persia, and Turkey/Ottoman Empire, captivated by the Western values of
democracy and enlightenment, tried to modernize their societies by promoting
development, progress, and liberal values.
The main feature of the Middle East’s second phase of intellectual
modernization was an emphasis on domestic sources of thought and
development under leftist influences, when the will to change was manifesting
through nativism. This period culminated after the Second World War and
gradually lost its velocity in the last decades of the twentieth century.
The gradual settlement of the revolutionary drive in the final decades of
the twentieth century and the failure of the Arab nationalist and Islamist
programs mark the beginning of the third period in the Middle East’s process
of intellectual modernity. This period, which is still ongoing, is characterized
by an attempt for a deeper critical engagement on the intellectual level and
changes in the socio-political domain due to the appearance of a new world
order.2
With regard to the experience of Damascus and Syria, these ‘three waves’
correspond to three identifiable time periods, which will be used to describe the
influence of modernity on the development of modern Damascus. Before I do so
however, I will briefly describe the development of Damascus prior to 1839.

2. Tagharobi, K. &
Zarei, A. “Modernism in the Middle
East and Arab
World”,
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Development of Damascus pre-1839
Amongst the lessons that we can draw from Section 1.2, is the fact that the
development of architectural styles in the Islamic World was an extremely slow
process. This is perhaps most clearly demonstrated when one compares the design
of Hagia Sophia, which was first completed as a Christian patriarchal basilica in
AD 537, with that of the Süleymaniye Mosque, which was completed more than a
millennium later in 1557.
The history of the city of Damascus itself is in fact far longer than that of the Islamic
World, and archaeological excavations have revealed that the general area was
inhabited as early as BC 9000. Furthermore, it is believed that Damascus has been
inhabited without interruption since at least BC 3000, making it one of the oldest
continuously inhabited cities in the world.
The city is located in the south-west of Syria, some 80 km inland from the coast
of the Eastern Mediterranean in the foothills of the Anti-Lebanon Mountains. The
city is situated on a plateau 680 m above sea-level and experiences a semi-arid
climate. However, the area is provided with water by the Barada River, which runs
west to east across the city, and forms the oasis that supports the Ghouta, an area
of irrigated farmland that has been used to feed the region for many thousands of
years.
The city developed as an important caravan centre on the Silk Road/Silk Route, the
ancient network of roads and sea/water routes that linked Europe and North Africa
with the Arabian Peninsula, Persia, India and the Far East. Three major roads led out
of the city; the western road leading to Egypt, the eastern road to Babylon, and the
southern road to Mecca.
The city first came to prominence under the Aramaeans, a Semitic people from
Mesopotamia, following their arrival in the eleventh-century BC, and later came
under the control of the Greeks (BC 336 and 146) after it was conquered by
Alexander the Great. It was during this period that the Temple of Zeus, which would
later become the site of the Umayyad Mosque, and the agora were laid out. The
Romans, who ruled the city between BC 64 and AD 636, would later build on these
foundations.
They expanded the orthogonal grid that the Greeks had developed, across an area
of approximately 1500m by 750 m, which they surrounded by a wall that was
punctuated by seven gates. Although little remains in terms of architecture, the
eastern gate of the city (Bab Sharqi) still survives today. However, the orthogonal grid
of the city is still identifiable (despite numerous infills) and the main thoroughfare,
the Via Recta, still runs east to west across the city linking two of the city gates.
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Damascus under Early Islamic Rule
Roman rule of Damascus came to an end when the Byzantines (Eastern Roman
Empire) were defeated by the Rashidun Caliphate in AD 634. However, although the
new Muslim rulers largely preserved and built on the existing social and economic
structures of the towns and cities that they had conquered, the same cannot be said
with regard to their attitude towards urban-planning, as Kennedy describes:
Paradoxically, however, this continuity of social and political function did not
result in a continuity of architectural design and urban planning, even in cities
like Damascus…The broad, colonnaded streets were invaded and divided up
by intrusive structures, both houses and shops, and became more like narrow
winding lanes than the majestic thoroughfares of classical antiquity; and the
extensive, open agora, scene for markets and meetings, was gone.3
Although the major architectural development of the early Islamic period in
Damascus was the building of the Umayyad Mosque in AD 715, the period also saw
the development of several linear souqs and hammams, which went some way in
replacing the lost agora. However, the defining characteristic of early Islamic urban
planning doesn’t seem to be its content, rather its relative lack of existence:
Perhaps the most significant social implication of Islam was thee fact that the
strength of ritualised living patterns dispensed with the need for many formal
institutions.4
As such, it seems that ‘municipal authorities for town planning and civic affairs’
simply did not form in Islamic cities, instead ‘each city was provided with city walls
for security, a mosque and a supply of running water’ and the city was largely left
to develop in an organic way. As such, property owners were allowed to ‘build
or extend their properties, as long as their neighbours were not offended.’5 One
of the consequences of this relaxed attitude to planning was that the streets were
narrowed. However this was not generally problematic as wheeled chariots were
increasingly becoming obsolete and the narrow streets offered more protection
from the harsh summer sun.

3.
Kennedy, H.
From Polis to Madina:
Urban Change in Late
Antiquity and Early
Islamic Syria, 4-5

4. Bianca, S. Urban
Form in the Arab
World: Past and Present - The Morphology of the Traditional
Islamic City and Its
Confrontation with
Western
Planning
Models, p 30.
5. Labadedi, Z. The
Urban Development
of Damascus: A Study
of its Past, Present
and Future, 19

Ayyubid and Mamluk Development in Damascus
Following the fall of the Umayyad Empire in 750, Damascus was rapidly eclipsed by
Baghdad, the new capital city of the ruling Abbasid Empire and fell into a lengthy
period of relative decline. However, the city would experience something of a
revival following the arrival of the Seljuq Turks, after which it regained its status as
a capital of independent states. This period of prosperity would continue into the
Ayyubid Era (AD 1171-1260), which Burns describes as ‘the city’s new golden age….a
period of building that is unmatched in any other century of the city’s history’.6
‘Public works, which had been neglected for centuries, including the water
supply, were improved, and large areas of the old city underwent rigorous
regeneration. This included reinforcing the Roman gates, and the city walls. Due
to Nur-Al-Din’s piety, many religious buildings were also erected, including the

6. Burns, R. Damascus, A History, 153
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Fig 2.4

Damascus, view of an Ottoman Era bazaar from 1865.

Fig 2.5

Damascus, view from inside the courtyard of the Tekkiye Mosque.

section 2.1
first surviving hospital of the Islamic world. During this time satellite suburbs
also began to be established; including Salihiye, at the base of Jebel Quassioun
Mountain, Maydan in the south-west, Saruja in the north and ‘Amara in the
north-west. These districts originally arose on roads leading out of the city,
near the tombs of religious figures.7
Further extra-mural neighbourhoods would be developed during the Mamluk Era
(1260-1515) in Saruja (north-west of the old town), al-Sraijeh (to the west), and ElQbeybat (a suburban village to the south).

7. Labadedi, Z. The
Urban Development
of Damascus: A
Study of its Past,
Present and Future,
22

Early Ottoman Development of Damascus
Following the fall of the Mamluks in 1516, control of Damascus passed to the
Ottoman Turks. Although Damascus did not regain its status as a capital city, it
found itself at the geographical centre of a far larger empire, and consequently it
continued to prosper and expand. As mentioned earlier in this section, Damascus is
situated at the intersection of two major trade routes, the east-west Silk Road and
the road to Mecca.
Under Islamic rule, Damascus became a major meeting-point for caravans
of pilgrims undertaking the holy hajj to Mecca. Hajj was carefully organised
around two caravans, one from Damascus, the other from Cairo, placing
Damascus back as the centre of the Empire. As the Empire expanded, so did
the number of pilgrims, with between 25,000-60,000 people assembling in
the Maydan district of Damascus twice each year – once at the start of the
journey, and then at the return…. In addition, 2 or 3 caravans of up to 2000
camels would stop in Damascus every year bringing goods from the East,
(China, Japan, India, and Baghdad) before continuing on to Istanbul and Cairo.
These trade voyages continued until the 19th century.8
As a consequence of these large influxes of visitors, and the economic benefits that
they brought with them, the suburbs to the south of the city rapidly expanded.
At the start of Ottoman rule (in 1516) the Damascene suburbs had totalled 64
hectares, however, by the middle of the nineteenth century they accounted for 184
hectares, and the southern village of El-Qbeybat was now joined to the city by a
continuous strip of urban development.

8. Labadedi, Z. The
Urban Development
of Damascus: A
Study of its Past,
Present and Future,
23

As well as accommodation, the pilgrims naturally needed places to worship, and
to this end Selim II appointed the Empire’s best architect, Mimar Sinan, to design
the Tekkiye Mosque, which was completed in 1559 and stands on the banks of the
Barada River, a mile to the west of the old town.

The First Wave of Modernism (1839-1946)
The Tanzimut period of 1839 to 1876 is widely recognised as being the advent of
modernism in the Ottoman Empire, and by extension in Syria and Damascus. The
reforms were very much driven by reformist sultans, including Mahmud II and his
son Abdulmejid I, as well as a number of prominent politicians and bureaucrats
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many of whom had been educated in Europe. Inspired by successful European
practises, in particular the Napoleonic Code and French law under the Second
French Empire, the reformers sought to modernise the Ottoman Empire by
introducing a broad range of military, educational, institutional and legal reforms.
The changes reoriented the functions of the state towards a more European
model, away from the complex Ottoman system that had represented an
unwieldy balance between the power of local bosses and the centre; religious
versus civil authority.9
They also sought to promote a policy of ‘Ottomanisation’, in essence their
equivalent of the French concept of ‘egalitarianism’. As such, all members of the
Empire were to be treated as equals, regardless of whether they were Muslim or
non-Muslim, Christian or Jewish, Arabian or Armenian, Greek or Turkish. Despite
this noble aim, tensions began to arise between an increasing number of Muslims
and minority groups, particularly Jews and Christians, who some believed held an
unjustified privileged position due to protections provided by European protection.
These tensions would come to a head in 1860, when fighting between Druze and
Christians in the Chouf region of Mount Lebanon spread to Damascus, resulting in a
massacre that claimed the lives of 2,000 Christians (approximately one-fifth of the
city’s Christian population)
The two decades between 1840 and 1860 had simply put too much social
change on the Muslims’ plate. They had to accept relegation from being the
community that controlled the agenda at every level to a situation in which
the Christians had the upper hand.10

The Late Ottoman Period (1839-1920)

9. Burns, R. Damascus, A History, 249

10. Burns, R. Damascus, A History,
251

Fortunately the massacre of 1860 proved to be something of a watershed moment
for the city and there followed a half-century of relative peace and prosperity,
which saw the city significantly expand its borders. One of the most significant
areas of expansion took place to the west of the old city where a new quarter would
emerge on either side of the Barada River. This new area, very much reflected
the westernised tastes of late Ottoman society, and consequently became known
as ‘Little Istanbul’ after the former Byzantine capital, which literally bridged the
European and Asian continents.
During these fifty years, the city was transformed at a rate not experienced
since Nur al-Din’s time. The clearest indication was the development of its
western extension...The Istanbul fashion for European-style architecture now
became the norm that more or less obliterated the local tradition in everything
from public buildings to domestic structures….Religious institutions, notably
the Tekkiye at its western extremity, had already reinforced the Ottoman
character of this area. The zone now became studded with other Sufi,
institutions favoured by the Ottoman military, for example the Mosque and
Madrasa of the Mawlawiye.11

11. Burns, R. Damascus, A History,
254-256
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Fig 2.6
Damascus,
‘Straight Street’.

Fig 2.7
Damascus,
Midhat Pasha Souq.
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The fact that the city had land available for development meant that there was
little pressure on the old town, and consequently its ‘complex tapestry’ was largely
left intact. However, the fact that the wealthier citizens were now moving to
fashionable new suburbs meant that the old town was left with a population that
was increasingly growing poorer and ‘the old city was left stigmatised as backward
and inferior’.12 The old town suffered further misfortune in 1893, when a fire that
started in, and destroyed a large part of, the Umayyad Mosque, spread westwards:
The fire extended to much of the quarter lying west of the Mosque. This
proved a perfect opportunity for Abdulhamid II to finalise the re-planning of
the western approach, in the process giving the city a more European ‘look’.
The new thoroughfare, the Suq l-Hamidiye, represented a cheaper iron-roofed
version of the galleria of contemporary Europe with uniform shop facades. For
the first time, the area was reserved exclusively for retailing (no workshops
allowed) and quickly became the fashionable location for ladies’ clothing and
textile stores. This re-formalisation of the western axis leading to the Mosque
thus completed the reorientation of the city’s commercial activities by joining
the Mosque to the ‘Little Istanbul’ to the west.13
The late Ottoman Period also saw new planning and building regulations introduced
to the city. These new rules not only affected the new parts of the city, but also had
an influence on some of the existing buildings within the old town:

12. Labadedi, Z. The
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13. Burns, R. Damascus, A History,
260

The trend towards domestic rebuilding was a product however, of new building
and planning codes...Instead of the Damascene courtyard house, which had
been standard for centuries, domestic buildings in the Anatolian (or ‘Konak’)
style now looked outwards into the street rather than in from blank external
walls towards a central courtyard.
Most remarkable, was the enthusiasm with which the Damascenes saw the
world through an Ottoman prism in a style imported from the Bosphorus, even
down to images of the Turkish capital and its environs. The new materials
and style leaned towards the baroque. Instead of the traditional Damascene
fascination with the geometrical (a simple playing with sunlight and shade,
basalt and limestone) the effect became a razzle-dazzle of colour, curves and
restless eclectic detail.
Fortunately, particularly in the larger town houses, many courtyards survived.
They still provided a miraculous sense of relief on entering from sun-blasted,
dusty streets: quiet, colour and greenery, dappled shade and deep recesses
in the form of up to four soaring iwans, serving as entertainment rooms
depending on the season.14
Thankfully there were relatively few major interventions in the old town during
this period, one exception being the re-design of the so called ‘Straight’ Street,
which was widened, to accommodate vehicular traffic, straightened, and
covered, over much of its western half, to form the Midhat Pasha Souq. Outside
the walls of the old town, other streets were widened in order to accommodate
a new tram system that was operated by a Belgian concession and opened in

14. Burns, R. Damascus, A History,
263
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Damascus,
Hijaz Station.

Fig 2.9
Damascus,
al-Harika Square.
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1904. Other improvements to transport infrastructure included the building of
a railways that linked Damascus to Beirut (1895) and to Medina (1908). The
main station for the latter, the Hejaz Railway, was completed in 1917.
The Hijaz Station stands at the western end of the axis leading from the old
city. One of the most delightfully bizarre buildings in the city, it represented
a full turning of the circle, as Stefan Weber recently pointed out: local style
triumphs in a European-designed orientalising building which borrow heavily
from an assumed Damascene repertoire.15

Damascus under the French Mandate (AD 1920 - 1946)
The Hijaz Station would prove to be one of the last building projects completed
in Damascus by the Ottomans. A year previously (AD 1916) the Sykes-Picot
agreement, which set out how the Ottoman Empire should be divided in the event
of victory for the Triple Entente,16 had been set out, and the following year (AD
1918) Damascus and Aleppo would be captured by Arab and British Forces.
For the following two years, both the Levantine (which included Damascus) and
the Mesopotamian provinces were administered by the Anglo-French Occupied
Enemy Territory Administration (OETA). Following the defeat of the short-lived
Syrian monarchy of King Faisal (who would subsequently rule over Iraq) and the San
Remo conference of April 1920, the region was formally divided between the British
Mandate of Palestine and the French Mandate of Syria and Lebanon.

15. Burns, R. Damascus, A History,
253

16. The alliance
between Russian Empire, the French Third
Republic, and the
United Kingdom of
Great Britain and Ireland that was formed
in 1907.

The French would effectively rule over Syria and Damascus for the following twentysix years, although this seems a relatively short time, their influence on the city, in
terms of architecture and urban planning, would be profound and would extend
well past their official withdrawal in 1946.
Their first major urban interventions followed the Great Syrian Revolt (AD 1925-7),
which started in Hauran (in south-western Syria) before spreading to Damascus. As
part of their efforts to quell the rebellion, the French used heavy artillery to shell the
area of the old city that is located between the Al-Hamidiyah Souq and the Medhat
Pasha Souq, which resulted in a fire that destroyed the neighbourhood. The area
was rebuilt to French tastes, with wide streets and a large plaza (al-Hariqah Square).
Following the Harika intervention, the renowned urbanist, Rene Danger, was
appointed to draw up a new masterplan for the city. To this end, Danger conducted
an in-depth study of Damascus, ‘taking social, economic, and historical elements
into consideration.’17
Danger, working with Écochard, proposed a road system radiating from the city
centre and expanding outwards (towards) the urban perimeter, creating a ring
road around the old city to ease the congestion problems in the centre of the
city (just west of the old city) and in principle enabling easy access across the
town. Danger’s and Écochard’s framework for urban management was based on
a modern functional zoning of the city, and so the master plan faced resistance
from a city which had developed organically for the past thousand years.
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Suq
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Fig 2.11 Illustration
from
the
Damascus Masterplan of 1935.
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Proposed new districts, whose outlines are developed by Danger, would be
marked by streets fringed with trees, broad intersections, public gardens and
small individual buildings of four or five storeys. As Danger drew up plans
for new suburbs, ignoring traditional urban patterns, he avoided the old city,
considering it to be a ‘backward place for the indigenous Arabs’, which led to
its neglect.18
In her book, The Battle of Homs: Memoir of a Syrian Architect, Marwal al-Sabouni
pulls no punches when she comes to describe the influence of Danger’s protégé,
Michel Écochard.’
The military pilot Michel Écochard, who worked with Rene Danger, was the first
planner to see the city of Damascus from above, and was able to scan it using
the technology of aero-photogrammetry. Bombing and building seem like
contradictory words, but not for the French at that time. Many bombardment
clearances were made by Écochard, isolating one by one the key monuments in
the Old City, destroying the surrounding fabric and following the new ‘modern’
regulatory plan.19
Danger and Écochard’s plan was published in 193518, and in truth relatively little
was implemented before the French were forcibly drawn into the Second World
War. Following the fall of France to Nazi Germany in 1940, the Republic of Syria
fell under the control of the Vichy Government. However, the Vichy Government
were soon deposed by the British and Free French who invaded and occupied the
Syrian region in July 1941. Although Syria again declared independence in 1941, it
was not until the 1st of January 1944 that it would be recognised as an independent
republic.

18. Archnet. “1936
Development Plan
for Damascus”

19. Al-Sabouni, M.
The Battle for Home,
84

On the 29th of May 1945, whilst the Syrian Prime Minister was presenting his
country’s claim for independence from the French mandate, the French bombed
Damascus and tried to arrest its democratically elected leaders. Following
continued pressure from Syrian nationalist groups and the British government the
French would eventually evacuate their last remaining troops on the 17th of April
1946.

The Second Wave of Modernism (AD 1946 - 1970)
As we learned at the start of this section, the second phase of intellectual
modernisation in the Middle East witnessed an emphasis on domestic sources of
thought and development that had been primarily influenced by left wing beliefs.
As Boroujerdi (1996) notes, during this time Western colonialism was met
with nativism throughout the Third World. No longer attracted by the novelty
of Western technology and development, nativists reacted against capitalism
along three lines: nationalism, Marxism, and Islam. During this period, there
were nativist groups and organizations with various combinations of religious,
nationalistic, and leftist values.20

20. Tagharobi, Kaveh
& Ali Zarei. “Modernism in the Middle
East and Arab World”
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Map 3 Damascus: The residential quarters and their inhabitants, circa 1936
Map 14 Location
of different religious
groups living within
Damascus during
The French Mandate.
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Map adapted from Al-Qattan, (2002). Religious data adapted from Kh
(1984).
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The French withdrawal of 1946, would mark the first time since AD 1079 that
Damascus operated as the capital of an independent state. Unfortunately
independence would bring its own set of problems as the country struggled
through a decade of political instability, during which ‘Syria had twenty different
cabinets and four different constitutions’21 before being drawn into the Suez Crisis
of 1956. Following Suez, Syria signed a pact with the Soviet Union that would mark
the beginning of a close relationship that still survives today.
In February 1958, the Syrian President Shukri al-Quwatli and Egypt’s President
Nasser announced that the two nations would be uniting to form the United Arab
Republic. The move was initially popular as Pan-Arab sentiment had traditionally
been very strong in Syria, and Nasser was riding a wave of popularity following his
strong and successful stand against the British, French and Israeli forces during the
Suez crisis.
The move was strongly supported by the increasingly popular Arab Socialist Ba’ath
Party. One of the key policies of this period was the ‘Agrarian Reform law No. 161’,
which stipulated that no single person was allowed to own more than 80 hectares of
irrigated land or 300 hectares of rain-fed land. Consequently, 1.37 million hectares of
land was ‘expropriated and redistributed to landless peasants’.22
The union between the two countries would only last three years, and following a coup,
Syria seceded from the Union in September 1961. The resulting instability would lead
to a further coup in March 1963 that was led by the Ba’athist Party and resulted in a
cabinet dominated by their members. Over the next seven years politics in the country
swung increasingly further to the left until 1970, when the Hafez al-Assad took power.
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Although Assad’s policies are generally regarded as belonging to the ‘liberal left’, in
1970 he introduced new land reforms that further reduced the maximum sizes of
holdings. This in turn led to more citizens being given their own land. Furthermore,
although the Ba’ath’ Party ran a predominantly statist economy, this was not
extended to the construction industry, which remained in the private sector:
(Given the) ‘severity of government controls on imports and exports, (and)
the complete nationalisation of banks and insurance companies, private
investors focused mostly on the service sector and real estate as they felt more
free (from government control) and therefore (it was felt) that these sectors)
carried less risk.23
Writing in 1984, Aziz al-Ahsan observed that ‘by the end of 1978, (a) proliferation of
fancy shops, fashionable restaurants, and beauty salons demonstrated that private
sector investments were diverted to economically less-productive activities’24.
Furthermore, he references a newspaper article from 1981 that estimates that the
private sector was investing just 70 Million Syrian Pounds in industry, compared
with 1.5 billion Syrian Pounds in real estate and construction. The effect of these
figures on Damascus was profound.
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Fig 2.12 Damascus.
A traditional ‘courtyard house’.

Fig 2.13 Damascus.
View of Salihiyya
Street.
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Between 1955 and 1980, the population of the metropolitan area of Damascus
increased more than sevenfold, from 423,000 to 3,000,000. This increase was due
to two main factors, firstly migration from rural areas, due to the government’s
policy of centralisation, and secondly a huge influx of refugees from both Palestine
and Golan Heights. This huge population increase has been accommodated largely
by owner-occupied dwellings, which according to government statistics account
for 88% of households in Damascus25. In comparison with other countries, this
proportion is extremely high and is a consequence of both government policy (since
independence) as well as long standing Syrian attitudes to wealth and real estate
ownership.
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The majority of these dwellings have been constructed by private companies,
fuelled by the very significant private investment that was discussed earlier.
However, there has generally been a lack of quality control in these developments
and even the better projects tend to suffer from a profound lack of investment
in infrastructure and the public domain (i.e. the external areas surrounding the
buildings). When compared to the human scale of the old town, these modern
developments could not be more different.

The Development of ‘Modern’ Damascus
Despite the fact that Syria had turned somewhat inward since independence,
promoting an identity of ‘Arab’ rather than ‘Islamic’ nationalism, the government
had turned to a familiar face, Michel Écochard, when they decided to revive the
‘Masterplan for Damascus’. Having previously been the apprentice, under Rene
Danger, Écochard was now the master, and although he largely adhered to the 1935
plan in terms of its general layout, he was also partly responsible for introducing
many of the ‘modernist’ ideas of architects such as Le Corbusier, Ludwig Mies van
der Rohe and Walter Gropius, that had been influencing so much of the post-war
reconstruction in Europe.
As such, the new suburbs were developed to reflect contemporary Western
thinking and fashions. They promoted the use of the car, instead of walking. They
promoted the use of modern shopping malls, instead of traditional souks. Tall
apartment blocks with large outward looking windows were constructed instead of
traditional inward looking courtyard houses. Wide sunny streets were provided, so
that people would no longer have to suffer the narrow, shadow-filled alleyways that
characterised the old-town. Essentially the old was rejected for the new, as Marwa
al-Sabouni remembers:
The truth is that this kind of inferiority complex in regard to the West is not
restricted to one community in the Arab world. Failing so badly to adopt an
identity after casting off the ‘old’ one has left us all naked. Moreover this kind of
behaviour is highly contagious, especially when the country’s body is weak and
unguarded. And it has found expression in architecture. The choice of a wealthy
class, empowered by the industrial boom of the 1950s, was to abandon the
traditional way of building and all the accumulated knowledge contained in it.
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Fig 2.14

Squares in modern Damascus are of a far larger scale than those of the old town.

Fig 2.15

Street view from the Old Town of Damascus.
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That is probably why a relative of mine let slip a remark in front of me,
condemning an interior she had seen as ’looking like a Muslim home’, in other
words ‘not Western’ enough and therefore to be looked down upon as vulgar.
In this new unsettled world, architecture becomes a way of differentiation.
And in our disintegrating society, architecture loses its way, just as people do,
acquiring new blemishes in the name of renovation and losing the humble
utility of an art form that should be devoted to settlement and unity.26

The Development of the Old Town

26. Al-Sabouni, M.
The Battle for Home,
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Unlike his former mentor, Écochard, did not attempt to avoid the old town
completely, instead he attempted to ‘improve’ it. He could not understand why
so many of the city’s architectural treasures had been suffocated by the close
proximity of architecturally inferior neighbours. As such, he advocated the clearing
of buildings and the widening of streets around some of the city’s most celebrated
pieces of architecture. Consequently, in 1983, the area surrounding the citadel was
controversially cleared on three sides following the plan recommended by Écochard.
Although Écochard died in 1985, the Syrian government were still adhering to his
plan at the start of the civil war in 2011.
The damage to the old city might have been even worse, had UNESCO (of which
Syria was a founding member in 1946) not declared the ‘Ancient City of Damascus’
a World Heritage Site in 1979. In principle the ruling meant that ‘renovation and
maintenance of the old city was to be tightly controlled using original materials
and suitable building methods. In addition, rules to protect religious sites such as
churches and mosques required cafés and bars to be located at least 500 m from a
holy site’.27
However, there has been disagreement between the administration and UNESCO
as to what constitutes the ‘Ancient City’. It is UNESCO’s position that the ‘old town’
includes not just the ‘walled city’, but also the areas that were developed outside
the walls prior to the fall of the Ottoman Empire. These extra-mural areas, which
the government do not recognise as being protected, constitute two-thirds of the
area that UNESCO have been seeking to protect. Following government proposals
to demolish and develop the area around King Faisal Street, the city was placed on
the World Monuments Fund’s ‘Watch List of the 100 Most Endangered Sites’ in the
world. Furthermore, following the outbreak of the Syrian Conflict in 2011, the site
has been placed on UNESCO’s ‘endangered’ list since 2013.
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Unplanned Damascus
Unfortunately, the architecture of the Old Town is not the only part of the city’s
heritage to have been lost. As described earlier, the development of the old city
had traditionally been nourished by the area of fertile countryside known as alGhouta. However, following independence this area has virtually been destroyed
by the spread of illegal housing.
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Fig 2.16 View of
the illegal developments in the Muhajrin
district
in
Damascus.

Fig 2.17 Slum
housing
Damascus.
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As mentioned previously, the majority (88%)28 of Damascene households are
owner occupied, with the rental market only accounting for seven percent of
households. Due to a lack of housing however, real estate prices are relatively
high, and consequently poorer households are neither able to rent, buy or rely on
a government that has failed to invest in a social housing program. As a result they
have been forced to build their own houses.

28. Labadedi, Z.
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Following the expropriation policies that were first implemented in 1956, the
majority of al-Ghouta ended up in the possession of relatively poor farmers, many
of whom subsequently sold their land to poor immigrants. Despite the introduction
of policies designed to protect al-Ghouta in 1977, the government has largely been
unable to curb the spread of these areas of slum housing, which now house as
much as one-third of households in Damascus.

The Third Wave of Modernism (AD 2000-today)
The gradual settlement of the revolutionary drive in the final decades of
the twentieth century and the failure of the Arab nationalist and Islamist
programmes mark the beginning of the third period in the Middle East’s process
of intellectual modernity. This period, which is still ongoing, is characterized
by an attempt for a deeper critical engagement on the intellectual level and
changes in the socio-political domain due to the appearance of a new world
order. However, like the last two periods, fundamental problems are in the way
of the Middle East’s modernization.29
Following the death of his father in 2000, Bashar al-Assad was elected president.
There followed in 2011 a period of intense political and social debate, now known
as the Damascus Spring, during which they were hopes of widespread reform.
Although some reforms did indeed follow, these were mostly limited to market
reforms.
One thing that the Syrian government did however realise was that many of
the socialist economies upon which it had previously survived, were becoming
increasingly less viable. For instance, oil revenues, which in 2007 accounted for
25% of GDP, were rapidly diminishing along with the country’s oil reserves.30
Consequently the government had been trying for some years, to diversify its
economy and to this end had been concentrating heavily on developing their tourist
industry.
The potential of the Ancient City of Damascus as a source of revenue had in fact
been realised during the late 1980s. Following years of neglect, which had begun
during the late-Ottoman period, the Old City had become a place ‘associated with
peasants and tourists, (and) with the backwardness of the past.’31 As such, the
government realised that if they were to invest in building restaurants and hotels
within the old town, they would not only be able to attract more tourists, but they
would also be able to attract the middle-class and upper middle-class Damascenes,
who for so long had avoided the old town.
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Fig 2.18

Many courtyard houses in Damascus have been converted into restaurants.

Fig 2.19

Al Mamlouka, Damascus’ first ‘boutique hotel’.
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Progress was at first slow, and by 1994 the walled part of the city was home to
just 3 restaurants. However, by 2008 this number had increased exponentially to a
figure of over 130:32
“They are spreading like a cancer,” exclaims Waed al-Mhanna, consultant to
UNESCO’s World Heritage Site and founder of Heart of Damascus NGO. “There
is no control. No management of these developments.” On a tour around the old
city, Waed pointed out Ottoman buildings patched up with concrete blocks, and
bars and clubs located opposite churches. “The heritage value of these buildings
is destroyed.”32
The success of opening up the old town to tourism and entertainment was very
much a double-edged sword. On the positive side the old town was reinvigorated
and the spiral of decline halted. However, the success of the new restaurants, bars
and hotels have further driven up real estate prices, meaning that the poorest
people have increasingly had to leave their homes and move to the outskirts of
the city. However, unlike cities such as London, where inner-city areas such as
Hackney have become desirable to higher-income residents, the richer residents of
Damascus prefer to remain in the suburbs, where the problems of pollution and
congestion are less acute. Consequently, as low-income households are increasingly
replaced by hotels, bars, restaurants and shops there is a real risk that the Ancient
City of Damascus will soon lose its status as being one of the ‘oldest continually
inhabited cities in the world’.
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The Syrian Conflict 2011-Present
There are many different reasons why conflict broke out in Syria in 2011, indeed far
too many to list now. However, in her book The Battle for Homs: Memoir of a Syrian
Architect (2015), Marwa al-Sabouni develops the theory that the built environment
in Syria directly affects the communities that live within it. Describing the experience
of Homs (her own city) as well as that of Damascus and Aleppo, she explains how
these ancient cities, each of which is situated on the ancient Silk Road, developed in
such a way that they encouraged and strengthened multicultural communities.
The traditional urbanism and architecture of our cities assured identity not by
separation but by intertwining, helping to perpetuate the ‘moral economy’ that
was tangible in the streets and the markets….It is no coincidence that cities
along the ancient Silk Road became radiant centres of civilization; not just
because of the wealth accrued by trade, but also because of the openness that
was taught by seeing new faces, talking different tongues, and knowing there
were others in the world around you, and that you were compelled by mutual
interest to learn how to live with them, to do business with them and to keep
together in harmony.33

33. Al-Sabouni, M.
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Fig 2.20 Damascus.
Jobar neighbourhood
in Eastern Ghouta
(suburb
of
Damascus).

Fig 2.21 Damascus.
Street
damaged
during the Syrian
Conflict.
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Al-Sabouni goes on to describe how the modern development of these cities
contributed to driving their citizens apart. As the rich left the old city centres, so
they formed ghettos of affluence in the suburbs, meanwhile the opposite was true
in the streets that they left behind. Those moving to the city from the countryside,
meanwhile, would no longer find themselves living in mixed communities like their
ancestors had. Instead, they would move to areas that were mainly inhabited by
people of the same faith or the same tribe. As such, while the old city centres
had been ‘melting pots’ where all classes and creeds lived side by side, so the
cities developed in such a way that each of the suburbs had a different sectarian
character and people no longer mixed as they once had.
Careless expansion and so called renovation has torn all the Syrian cities
apart. Homs in particular, suffered the consequences of building new
suburbs based on sectarian differences, whether relating to class, creed or
affluence….Zooming in, from the urban to architectural level, the same tale
can be told: the building of concrete blocks lacking the least aesthetic sense
or architectural vision denies the city its character and deprives its citizens of a
congenial environment…..Fear that one’s identity is threatened leads to anger
and hatred, and concrete barracks stimulate that fear.34

Conclusions

34. Al-Sabouni, M.
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Just as Marwa believes that the built environment contributed to the social rifts
that have pulled her country apart, so she believes that architecture can be used
to heal it. It is her belief that the principal characteristic of a city is trade, that
with trade comes negotiations and that these negotiations lead to the formation
of relationships, which in turn lead to the formation of successful neighbourhoods.
Asked in an interview how the rise of automation might affect the city as a place to
live, she replies as follows:
For me, this will be the beginning of an end for the city. By making the city
a machine like Le Corbusier dreamt after World War II, you are removing the
human factor – its basic nerve. But I’m sure people will remain and they will
not just stand still and be pushed into the periphery of a city in service to a
robot-controlling elite.35
It is Marwa’s firm belief that by engaging with local crafts, people begin to feel
connected to a place:

35. Yusuf, C. Skin
Deep meets Marwa
al-Sabouni.

I think (that craft) can be applied anywhere. It can be done in any city that
has produced building patterns based on local production. Older architectural
practices used a mason, a blacksmith, a carpenter, a plaster worker, all of
whom had a role in constructing the building. It was not only the architect
who assembled the different elements but also these experts who created the
necessary character for a place where the elements were in harmony with
each other. But what is also important in craft is the discipline: the time that
it consumes, the knowledge it demands, and the hierarchy that it is based on.
Before, there would also be a master of the craft who would have the greatest
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Fig 2.22 Aerial
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expertise, the best work ethic, and a good social reputation. If I were not
happy with the product that you gave me and we reached a dead-end in our
conversation, we would go to the master of the craft to resolve it, like a judge
of its own vocation. This social hierarchy guaranteed the good quality of the
product.36
Growing up in Damascus I was always puzzled by the disruption of the optics
between old Damascus and new neighbourhoods. The absence of continuation
between the old and the new styles of architectures has always raised questions,
and this chapter is an effort to explore a possible answer. To me, a more organic
transformation of the architecture of Damascus would have included an evolved
forms of the traditional ornaments that fit the needs and the style of the modern
day, rather than totally abandoning them. Hence, the next chapter, provides
an imagined evolution of muqarnas, which is how I have always imagined the
new architecture of Damascus should have been, an evolved embodiment of the
architectural heritage of the city.

36. Yusuf, C. Skin
Deep meets Marwa
al-Sabouni
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Fig 2.23 Baghdad.
The Federation of
Industries
Building,
Baghdad by Rifat
Chadirji.

Fig 2.24 Garf
Hoseyn, Egypt. Sadat
Rest-house bu Hassan
Fathy.
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2.2

CONTEMPORARY MUQARNAS

In the previous section I described how the city of Damascus developed over the
past century and a half. The result of this development was a city comprised of
two very different parts, the old town, and the modern suburbs. While the old
town was described in a generally positive light, the modern suburbs were shown
to have been generally unsuccessful, both architecturally and socially. The same
could be said for many other cities throughout the world, particularly those that
have experienced rapid expansion in modern times.
It is of course too simplistic to say that ‘old is good, and new is bad’. After all, every
‘old’ building was at one point ‘new’, while every ‘new’ building has the potential
to one day be described as being ‘old’. Whether or not that potential is realised
depends on three main factors: firstly, it needs to have been constructed in order
to withstand the tests of time; secondly it needs to be fortunate enough to avoid
wilful acts of destruction or natural disaster; thirdly it needs to continue to be
functional; and fourthly it needs to be valued.
Consequently, the old parts of cities are comprised of buildings that have both
avoided destruction, and been deemed of sufficient quality to survive and to not
be replaced. The modern parts of cities, on the other hand, are comprised of
buildings that have not yet stood the tests of time. As a result, they are far more
likely to contain a greater proportion of unsuccessful buildings than their older
counterparts. This dichotomy, which exists in a great many cities across the Islamic
world, is discussed by the architect Garry Martin in his essay ‘Building in the Middle
East Today - in search of a Direction’:
The concept of Unity in multiplicity is the determining factor in integrating
Islamic societies. Historically the revelation of Islam as expressed by the
prophet Mohammed and the Holy Koran brought together the most diverse
cultures and peoples from Spain across to India and beyond. The architecture
of the Islamic world throughout history adapted and responded to different
cultures and existing traditions of buildings without weakening the spiritual
essence which was its source of inspiration.
Urban centres in Islamic cities evolved over long periods of time with
generations of craftsmen whose sensitivity and experience added variety and
a diversity of styles to the environment. The traditional Islamic city reflected a
unity which related the architecture of the mosque, the madrassa, the souq,
palace and the home as a sequence of spaces...
The identity of the city lay in the relationship of its elements. These
relationships were generated by the harmonizing of the community with the
forces acting on it, that enabled the interaction of cultures, building methods
and methods to evolve an Islamic identity in the same way a language
maintains its own identity even when it absorbs outside words.37
After describing what made the ancient cities of the Islamic world successful,
Martin goes on to describe how a desire for rapid development ‘brought to the

37. Islamicart.com.
The Future of Islamic
Architecture,
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Fig 2.25 Mecca,
Saudi Arabia. Abraj
Al-Bait Towers.

Fig 2.26 The 5
Farming Bridges by
Vincent Callebaut
Architectures.

Fig 2.27 The 5
Farming Bridges by
Vincent Callebaut
Architectures.
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Middle East the massive importation of Western technology, planning, design and
constructional expertise’38. As a result a large proportion of new developments
have been ‘direct imitations of Western models’ that were designed for other
cultures. As a consequence, communities are being forced to live in environments
that are wholly alien to their culture.

38. Islamicart.com.
The Future of Islamic
Architecture.

Martin identifies three distinct approaches that have been taken by contemporary
architects working in the Islamic world. The first of these rejects the past, whilst
embracing modern techniques; the second, attempts to recreate the past by
imitating historical forms; while the third attempts ‘to understand the essence of
Islamic architecture and to allow modern building technology to be a tool in the
expression of this essence’:
Architects working today can take advantage of opportunities that new
materials and mass production techniques offer. They have an opportunity to
explore and transform the possibilities of the machine age for the enrichment
of architecture in the same way that craftsmen explored the nature of
geometrical and arabesque patterns.39
The first of these approaches very much defines the experience of Damascus, where
modernist ideals were transplanted from Europe (in particular France), without
thought as to how they should be adapted to suit local environments and cultures.
The second approach has the potential to be more successful, as long as one
remains wholly faithful to the past. The reality of this approach, however, is that
it far too often results in unconvincing pastiche, as illustrated by the Abraj Al-Bait
Towers (Mecca, 2011), which attempt to mimic the appearance of their low-rise
neighbours, whilst wholly ignoring the scale of their urban context, by themselves
rising to a height of 581m.

39. Islamicart.com.
The Future of Islamic
Architecture.

The third approach attempts to combine the lessons of the past, with the potential of
the present. Proponents of this approach include the Egyptian architect, Hassan Fathy
(1900 - 1989), who developed a sustainable form of vernacular modernism, and the Iraqi
architect, Rifat Chadirji (born in 1926), who sought to combine ancient Iraqi heritage
with modern art and architecture in order to create a hybrid form of architecture that he
referred to as ‘international regionalism’. The work of these two architects has served
as an inspiration to a number of contemporary architects including Vincent Callebaut
(born 1977), whose practise, Vincent Callebaut Architectures, received the third-place
prize for the inaugural Rifat Chadirji Prize in 2017:
“The 5 farming bridges” signifies itself by approaching a neglected zone in
most cities – above the river. In most cities, the above river concept is more
industrial; this one humanises the inhuman by creating a liveable bridge,
which has been seen in the history of big cities like Florence.
The judges selected this because of the level of imagination and yet, very
realistically developed spaces. There is a sense of cultural background, and
designers hint at it in the views, shaded spaces, construction, material.
This proposal directed to two of Mosul’s most immediate needs: housing and
the reconsideration of its bridges, and yet at the same time uses the historical
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Fig 2.28 Riyadh,
Saudi Arabia. Muqarnas Towers by SOM.

Fig 2.29 Doha,
Qatar. Museum of
Islamic Art by IM Pei.
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precedent of an inhabited bridge and yet speaks to the future in its morphology
and construction.
Forget about the drones and consider the project as something that can be
built conventionally. The drones are amusing; however, we can see commercial
viability in this. The mountains are inspired by the ziggurat, and the design is
inspired by the muqarnas, which provokes the imagination. It is a fantasy of
the hanging gardens.40
Callebaut is just one of a number of architects who have been inspired by Islamic
design and muqarnas in particular. Currently under construction, and due for
completion in 2020, Skidmore Owings & Merrill (SOM) have designed a thirtystorey, 89,000 metre square tower for the King Abdullah Financial District (KAFD) in
Riyadh (Saudi Arabia). Named the Muqarnas Tower, the building’s massing and skin
concepts have been driven by solar performance:
The massing and skin concepts for the tower are driven by solar performance.
The linear plan of the tower is oriented on the east-west axis to minimize the
problematic exposure to low-angle sun. Elevators and other core elements
are arranged along a shear wall on the south side to minimize southern solar
exposure. The composition of metal panel types of varying finishes creates a
shimmering mosaic that changes appearance as the sun moves through the
sky. By contrast, the north side is transparent and open to take advantage of
better solar orientation and preferred views.41
In truth, the SOM towers owe far more to modernism than to the local vernacular.
However, they do serve to demonstrate a renewed interest in reviving the
architectural styles of the Islamic world. The influence of traditional architecture
is felt far more keenly in I.M. Pei’s design for the Museum of Islamic Art in Doha,
which was completed in 2008:

40. tamayouz-award.com. Mosul’s Housing Competition - Winners
Announcement,

41. Saieh, N. Muqarnas Tower / SOM

The Museum of Islamic Art is the result of a journey of discovery conducted
by I.M. Pei, whose quest to understand the diversity of Islamic architecture
led him on a world tour. During visits to the Grand Mosque in Córdoba, Spain;
Fatehpur Sikri, a Mughal capital in India; the Umayyad Great Mosque in
Damascus, Syria; and the ribat fortresses at Monastir and Sousse in Tunisia,
he found that influences of climate and culture led to many interpretations of
Islamic architecture, but none evoked the true essence he sought.
Mr. Pei’s final design inspiration was the 13th-century sabil (ablutions
fountain) of the Mosque of Ahmad Ibn Tulun in Cairo, Egypt (9th century).
In the “austerity and simplicity” of the sabil, Mr. Pei stated, he found “a
severe architecture that comes to life in the sun, with its shadows and
shades of colour.” The sabil offered an almost Cubist expression of geometric
progression,” which evoked an abstract vision of the key design elements of
Islamic architecture.42
The museum features a 164-foot-high atrium, which is crowned by a faceted
metal dome that is reminiscent of traditional muqarnas. The art-form has also
been inspirational to Tiffany Cheng, a computational designer from Taiwan

42. Fairs, M. “Museum of Modern Art by
IM Pei”
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Fig 2.30 Contemporary Muqarnas by
Tiffany Cheng.

Fig 2.31 Contemporary Muqarnas by
Tiffany Cheng.
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whose ‘research focuses on the creation of digital work-flows that allow masscustomization of material properties, behaviour, and performance’. For her
2014 project, ‘Contemporary Muqarnas’, Cheng examined ‘the possibility of
the muqarnas as a structural and compressive structure using ceramics. Digital
processes were used to create the mold for slip casting, and a 6 axis robot was used
to create variations within each brick’ 43.
In recent decades there has been a revolution in exploring pattern design due to
the technological development of digital design tools, such as algorithmic design
and parametric modelling. Most of this research relates to generic geometrical
patterns that have been influenced by their structure and fabrication. They have
been explored as ornamental features, regardless of their possible environmental,
structural or social performance. However, the cultural, religious and human
interaction with this patterning and its development has not yet been widely
explored. Most of the recent explorations with regard to this feature have been
based on aesthetic or engineering considerations, but I believe that they should
also be based on preserving a cultural identity.

43. Cheng, T. Tiffany
Cheng - A Portfolio,

I do not see patterns as comprising only form and structure; they relate to cultural
uniqueness within a global context. Ornaments are very strong entities with which
to define historical identity and individuality, and in my opinion ornamentation
is important to exhibit in architecture, because it portrays a distinct individual
architectural and cultural identity.
At present, the majority of research carried out on traditional muqarnas using
computer software has depended on the two-dimensional plane projection of
the muqarnas form. However, due to the development of powerful parametric
modelling software such as Grasshopper, which make it possible for designers to
draft in multiple planes simultaneously, there exists the potential to revive the
muqarnas from a three-dimensional formation, rather than being limited to their
plan projection. In the composition of any architectural form, creativity and vision
should be involved. Starting from a three-dimensional composition may be the first
step in an imaginative design process.
In this section I showcase some design work of various researchers who consider
muqarnas from a geometric and tessellation point of view, and how they attempt
to advance them. Their new design attempts represent new possibilities of
contemporary muqarnas in the field of architectural design
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Fig 2.33 Plan
of
the
room
with
shelves and lighting
elements inspired by
the muqarnas form.

Fig 2.32 The room
with both muqarnas
elements.
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Muqarnas Shelves Created by Parametric Morphing
Rafia al-Bahlani
University of Kassel, Germany
2013
This project was produced by an Omani architect, Rafia al-Bahlani during her studies
at the University of Kassel (Germany) in 2013.44 The project comprised a new
lighting installation as well as shelving units in an office space. The new design is
clearly influenced and driven by the two-dimensional projection of the muqarnas
composition, since both the star polygon, as well as the muqarnas domes of the
Alhambra Palace, are used as compositional references.

44. Al-Bahlani, R.
“Muqarnas Shelves”

As stated on the website by al-Bahlani with reference to the muqarnas shelves
project, she was concerned with the historical element of muqarnas. As well as
creating shelves inspired by this architectural form, she created a ceiling installation
based on a digitally manufactured design.
I find this application of muqarnas to be rather superficial, as the shelving units
achieved were a literal representation of the two-dimensional plan. The same
applies to the lighting elements, which were realised by a paper-folding technique.
When looking at the Alhambra muqarnas dome from below it presents an eightpointed star, and the shelving section and lighting plans exactly resemble this.
Nevertheless, despite the lack of understanding of the complex three-dimensional
geometry, this attempt does show an interest in the use of this exuberant form to
perform a contemporary function in shelving units and a lighting system.

Fig 2.34 Rendering
of the muqarnas
form lighting.
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Fig 2.35 The muqarnas vault with the
movement of units.
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Dynamic Muqarnas Created by Parametrica
Andrei Dragan, Cristiana Pista, Madalina Oprica, Lavinia Vutescu and Catalina Plaino
Parametrica
Barcelona, Spain
2013
This project was designed and executed by a team of young students and
professionals and formed part of Parametrica’s course ‘Dynamic Fields in Responsive
Architecture’. Inspired by the beauty of traditional muqarnas compositions, the
team attempted to push the innovative boundaries of the art-form by creating a
dynamic muqarnas composition. The design project also challenges the limited
spatial characteristics of this composition as it aims to create a pavilion. As stated
on the website by the team:
Inspired by (and) reminiscent of the stalactites and the muqarnas, the Dynamic
Muqarnas project is reconstructing and rethinking the traditional elements and
materials into a flexible and performing structure. Muqarnas display radial symmetry
based upon N-gonal symmetry. The number of unique tiles possible is derived from
N = N/2 - 1. Larger N values result in thinner muqarnas tiles. There are an unlimited
number of muqarnas tile sets given the wide variety of tile profile design possibilities.
Performing in a dynamic field with a variable air velocity the structure is responding
in an controlled manner and movement by inserting some specific geometric
components. By understanding the air flow and the materials, the joints are designed
to have a certain bending angle and rigidity. The components are assembled together
forming a more complex geometry with a more dynamic response to the environment.
All the elements and components are moving and limiting one another having as a
dome like structure which performs as a dynamic muqarnas, allowing the user to be
part of it, changing the air flow and as a result the structure movement.45
In essence the group constructed a series of model vaults (at a variety of scales)
that were formed from triangles of varying sizes held together by flexible joints.
The models were exposed to air flows with variable velocities in order to force the
flexible models to move dynamically in accordance.

45. Parametrica.
“Dynamic Muqarnas”,

Although I appreciate the efforts of the team, I consider these experiments to have
been somewhat limited in terms of their success.
Firstly, the movement of models appears to be somewhat random and lacking
in control. One would assume that had the students experimented with
aerodynamically shaped three-dimensional units, rather than simple extruded
planes, they would have had greater potential to produce a model that would move
in a more controlled way.
Secondly the models themselves are only very loosely based on muqarnas geometry.
As we saw in the geometry section of chapter one, even the simplest muqarnas plan
projections are based on eight two-dimensional shapes (squares, rhombi, triangles,
jugs, bipeds etc.). However, the models that we see here are based on a limited
number of triangles and are essentially tessellations of two-dimensional surfaces.
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Fig 2.36 Screenshots from ‘Interactive Modelling of
Muqarnas’ by Nader
Hamekasi.
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Interactive Modelling of Muqarnas
Nader Hamekasi, Faramarz Samavati and Ahmad Nasri
2011
‘Interactive Modelling of Muqarnas’ is the title of a paper that was presented at
a conference entitled ‘Computational Aesthetics in Graphics, Visualization, and
Imaging’ (CAe, 2011), in Canada. The authors of the paper were Nader Hamekasi,
Faramarz Samavati, and Ahmad Nasri who, based on their computational science
expertise, used computer-aided methods to recreate traditional muqarnas. They
provide new methods for ‘modelling muqarnas interactively.
Our paradigm is based on modelling the visible surface of muqarnas as a set
of transitive layers, where each layer consists of a set of B-spline patches fit
together seamlessly with possible sharp edges.46
They use a two-dimensional projection of the muqarnas as a guiding image in
a software tool to create new designs of the muqarnas. They also investigate the
layer lines to connect them to each other and to boundaries, and provide an option
of using three-dimensional curves as the layer lines. The main aim of their paper
was to:
Revitalize the traditional art of muqarnas by analysing their geometry and by
providing a set of methods to algorithmically model muqarnas. Such methods
enable us to develop software tools for modelling muqarnas and consequently
preserve this cultural heritage for future generations.46
The design process was presented in their paper first by creating a continuous space
of muqarnas design that can be used in modern architecture and subsequently by
taking the projection of the muqarnas as a guide for the work-flow of modelling.
Unfortunately, I found the method presented to be limited as the muqarnasgenerating process is applied on traditional surfaces. Moreover, the whole process
is derived from a two-dimensional projection of the muqarnas, whereas I believe
that a three-dimensional investigation is required.

46. Hamekasi, N, Samavati, F & Nasri, A.
Interactive Modelling
of Muqarnas,
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Self Supporting ‘Genuine’ Muqarnas Units
Mohammad Ali Yaghan
2011
The heading of this section is the title of an article by Mohammad Yaghan, where
he proposes two new self-supporting systems of muqarnas that have not existed
previously. He calls them ‘line-muqarnas’ and ‘point-oriented muqarnas’ and claims
that the units are genuinely self-supporting. He considers these two systems to be
a new type of muqarnas that have evolved from traditional forms.
They provide new erecting systems, new experiences, and because they
are self-supporting allow for the form to be seen from both sides (called
“genuine”).47
Yaghan wrote a programme in AutoLISP that allows users to design new muqarnas
units digitally. The program acts as a native command in AutoCAD, and is activated
by typing in the command ‘1UNIT’.

47. Yaghan, M.
Self-Supporting Genuine’ Muqarnas Units

Following this, a dialogue box will appear asking the user to define a list of variables
for the final unit. These include: its type, its general geometric variables, and the
way it is presented (mesh, faces with hidden edges, or visible edges)
Once the user finishes entering the data, the program creates the unit as an
AutoCAD block for further manipulation or rendering by the user .
Yaghan explained the two new muqarnas systems (line/point-oriented units),
together with their new geometry, new characteristics and the computer program
written to produce them. His new forms of muqarnas have the ability to be viewed
from both sides, which provides a new experience for looking at muqarnas. The
line-oriented units simulate a vault comprising singular curvaturcomple layers, and
the front elevation of the muqarnas is an arch. These layers are arranged around
the centre of this arch. According to Yaghan, the point-oriented units are suitable to
form domes and portals. Although Yaghan created these two new digital systems,
he did not take the opportunity to build a real physical version of either.
In a later paper, entitled ‘The Evolution of Architectural Forms through Computer
Visualisation: Muqarnas Example’ (2010), Yaghan classifies the muqarnas values into
two categories. He names the first category as characteristics that include constant
values for all forms, and the second category as attributes, which include values that
vary according to the type of muqarnas portrayed.48 These two categories, establish
the necessary tools for further topological studies, which are the means through
which contemporary muqarnas are developed. Yaghan has studied the traditional
units that comprise these forms in order to design new elements and create new
compositions of the forms. In this particular paper Yaghan’s main contribution is
his theory with regard to muqarnas and their application, which revolve around
topology. In his own words:

48. Yaghan, M. “The
Evolution of Architectural Forms Through
Computer Visualisation: Muqarnas
Example”, 113
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Defining a type requires stating all its perceived qualities, both of fixed values
‘characteristics’, and of variable values ‘attributes’. Creating new forms would
be, then, giving new values for the attributes. A true evolution of the form
happens when a characteristic is turned into an attribute and given new
values. When this theory was applied in muqarnas research at many levels, it
produced many new evolutionary steps, which will be presented. The theory
could be applied in other fields where there is a need for the evolution of
traditional forms.49
I found Yaghan’s attempt much more valuable than the previous projects outlined
above. He has proposed new functions for the new forms of muqarnas, such as a
structural role and self-supporting compositions that form independent envelopes.
In my opinion, however, his creations lack detailed research of either the vault or
form composed by these new muqarnas units. When compared with traditional
muqarnas forms his results lack the subtleties of beauty and aesthetic value that
always adds to the built environment.

49. Yaghan, M. “The
Evolution of Architectural Forms Through
Computer Visualisation: Muqarnas
Example”, 113

Conclusions
To conclude, this section has reviewed recent design attempts undertaken by a
variety of researchers to evolve the muqarnas historical form into the modern era
by adding new functions, new units and a new form. They all vary in the depth of
their suggestions and design proposals, with the use of different computer programs
and skills. There is a dialogue gradually taking place relating to the development of
this historical form, based on work in a number of educational institutions.
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Fig 2.39 The
scholars
of
the
Muqarnas Project at
Heidelberg University
in Germany proposed
a possible three-dimensional form to
reconstruct the south
octagon vault at
Takht-I-Suleyman.
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2.3

MATHEMATICS, COMPUTING & ARCHITECTURE

In this section I will review contemporary literature on the subject of the geometry
of muqarnas. This section is divided into three parts, Mathematics, Computing and
Architecture.

Mathematics
Several contemporary mathematicians have analysed the work of the Timurid
mathematician Ghiyath al-Din al-Kashi (1380–1429). Here I focus in particular on the
work of Yvonne Dold-Samplonius (1937–2014) and Alpay Özdural (1944-2003). DoldSamplonius, a prominent scholar, produced some very significant work; not only did
she review the work of al-Kashi on muqarnas, but, more importantly, she also analysed
the modular units of muqarnas, and listed the general characteristics of various
muqarnas types. Özdural provided a valuable mathematical analysis of the work of alKashi.
Both Dold-Samplonius and Özdural referred to muqarnas in several instances in
their work as stalactites. I, however, have found this reference both inaccurate and
confusing. Stalactites are actually a specific type of muqarnas that constitute a design
of units that dangle. As mentioned in Chapter 1, the term exists in Morocco, where
muqarnas are referred to as ‘muqarbas’, that is, muqarnas composed of vertically
juxtaposed bows or prisms, which denote muqarnas with pendentives. Although DoldSamplonius and Özdural refer to muqarnas as stalactites, in this section where I review
their work I use the term ‘muqarnas’ rather than ‘stalactites’ in order to avoid any
confusion.

Yvonne Dold-Samplonius
Based at Heidelberg University in Germany, Dold-Samplonius and her team produced a
project entitled ‘Mathematical Concepts and Computer Graphics for the Reconstruction
of Stalactite Vaults – Muqarnas – in Islamic Architecture’. Often referred to as simply
‘The Muqarnas Project’,50 it is a comprehensive study of traditional Islamic Muqarnas
that consists of two stages.
In the first stage, two-dimensional plans of existing muqarnas were transformed into
digital data in order to allow them to be analysed. This information was used to aid
the development of a computer program capable of answering certain complex
questions automatically, such as which units should be chosen and how they should be
connected.

50. Dold-Samplonius, Y., Harmsen,
S., Krömker, S. and
Winckler, M. Magic
of Muqarnas: Stalactite Vaults in Islamic
Architecture,

In the second stage, the same computer program was used to construct virtual models
of both unrealised muqarnas plans, including examples from the Topkapi Scroll, as well
as existing, yet partially destroyed, muqarnas.
The team also produced a fifteen-minute video for educational purposes. One of the
main contributions of this project was to provide a comprehensive and informative
overview of this traditional form of architecture and to represent it computationally.
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In addition, the project illustrates four characteristics of muqarnas that evolved
over time, as shown below:
•

Muqarnas is a three-dimensional form that provides volume wherever used,
with craftsmen deciding the nature and depth of the volume.

•

Muqarnas is a structural form that holds up domes and vaults; it is an
applied ornament as its depth can be controlled.

•

Muqarnas have no intrinsic limits, since no one of its elements is a finite unit
of composition and there is no logical or mathematical limitation to the scale
of any one composition. Craftsmen are free to compose as many units as
they please, depending on the spatial form to be conveyed by this form.

•

Muqarnas is a three-dimensional unit that may be changed into a twodimensional outline.

Dold-Samplonius also discusses the importance of calculating the surface areas
of muqarnas, and emphasises the importance of al-Kashi’s book on mathematics,
Miftah al-Hisab (The Key to Arithmetic), written in AD 1427. While the focus of
her paper is on al-Kashi’s calculations, Dold-Samplonius concludes that calculating
the surface area of the muqarnas was vital for the craftsmen of the medieval
Islamic World as they used to be paid according to the surface area that they
had completed. She points out that al-Kashi’s work was a practical compendium
concerned with mathematical calculations rather than providing a descriptive
account of the structure of muqarnas.

51. Dold-Samplonius, Y., Harmsen,
S., Krömker, S. and
Winckler, M. Magic
of Muqarnas: Stalactite Vaults in Islamic
Architecture.
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Dold-Samplonius also discusses various definitions of muqarnas and etymology
presented by different scholars. Depending on where it is applied in a particular
building, she maintains that the essential function of this traditional craft is either
ornamental, to disguise the joints of an architectural structure, or to provide a
structural role. She believes that craftsmen knew how a muqarnas had to be put
together as sometimes the modular units were prefabricated. She sets out details
of al-Kashi’s explanation of the muqarnas (his definition of a module, that is, a
muqarnas with plane facets and roofs, together with a curved muqarnas). She also
shows how al-Kashi used to calculate the area of the curved cells, as well as ‘curving
factors’, claiming that al-Kashi provided a simple calculation for an approximate
value of the surface area of the muqarnas, and that he lays out modern methods
for measuring the form by photogrammetry. She concludes that while al-Kashi
distinguishes four types of muqarnas, these four types are more or less of the
same, and claims that he fails to include numerous other types, particularly those
with pendentives.
I found Dold-Samplonius’ work significant as she provides an overview and
substantial analysis of al-Kashi’s mathematical work in particular, and muqarnas
topology in general, which is relevant to the computational phase of my research
thesis. The video she produced (Magic of Muqarnas: Stalactite Vaults in Islamic
Architecture, 2005)51, together with her team, is very valuable as it deals with the
basic concepts of muqarnas construction by dismantling the form into its units and
tiers with the help of computer graphics. Also, she demonstrates the connection
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between erected vaults and their two-dimensional projections. In my opinion,
Dold-Samplonius has shown the muqarnas to be a combination of mathematics,
arts and practical knowledge. Her studies and analysis of the muqarnas have been
of great assistance in helping me to revive the form in computational mode.

Alpay Özdural
Alpay Özdural 52 was an architect and scholar who specialised in the restoration
and preservation of historic monuments and sites. In his articles he explores the
relationship between mathematics and geometric construction, and includes
muqarnas in the examples that he provides. He shows how geometrical patterns
were used to solve cubic algebraic equations, and depicts how traditional artists
and craftsmen in the Islamic world focused on mathematics.
Özdural shows how mathematicians helped artisans by referring to the book ‘What
the Artisan Requires of Geometric Constructions’, written by Abu’l-Wafa al-Buzjani
(AD 940–998), together with other anonymous Persian treatises on ornamental
geometry (AD 1300). Özdural also reviewed an untitled treatise (discovered in
1960) that had been written by Omar Khayyam 53 (AD 1048–1131), in response to a
question raised at a meeting where Özdural had found evidence that conversations
between mathematicians and artists had existed and that they ‘collaborated to find
solutions to the problems concerning the application of geometry to architecture
and its related arts’53. Özdural analysed this ancient manuscript and suggested that
the same conclusion was reached by these artists and mathematicians regarding a
problem relating to an ornamental pattern on interlocking similar or corresponding
figures.
Özdural reviewed and analysed al-Kashi’s work, and maintained that the latter had
examined various muqarnas that were constructed in Samarkand. He claims that on
the one hand al-Kashi’s work on muqarnas is vital, as it is the only existing available
literature that specifies and details its ‘elements, geometry and construction.’54 On
the other hand, like Dold-Samplonius, Özdural highlights the limitation of al-Kashi’s
work as he notes that he fails to include all the different types of muqarnas, even
those that existed in Samarkand.
As part of this thesis I studied a variety of Damascene buildings that feature
muqarnas that include muqarnas cells and intermediate elements that were
not mentioned by al-Kashi. As such, I agree with Özdural’s conclusion that alKashi’s work does not include all of the various types and forms of muqarnas
compositions and units, and that units and compositions of muqarnas differ from
one geographical area to another, and from one era to another.

52. Alpay Özdural
(d.2003) was an associate professor in
the Faculty of Architecture in the Eastern
Mediterranean University in Gazi Magusa, Farmagusta in
Cyprus. He published
various articles in
Historia Mathematica, Technology and
Culture, Muqarnas
and the Journal of
the Society of Architectural Historians.

53. Omar Khayyam,
a prominent Persian
mathematician living
in the Seljuk era in
the eleventh century
AD, is known for his
significant Treatise
on Demonstration of
Problems of Algebra
(1070), which laid
down the principles
of algebra, part of
the body of mathematics that was
eventually transmitted to Europe.
54. Özdural, A. Giyaseddin Jemshid
El-Kashi and Stalactites, 31-49

Özdural’s work is very insightful with regard to the application of geometry to
architecture and his emphasis on the relationship between mathematics and the
arts. Many centuries ago, mathematicians used to have meetings with traditional
artisans when the former would instruct the latter by means of established methods
and with geometrical figures that had the potential to be used for ornamental
purposes. This corresponds very well with what I have observed in Damascus
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in present times. I believe that these ancient methods still exists as I visited a
historical mosque that was being restored, where the architect, Mohammad Khayri
Al-Baroudi, was instructing the artisan (a carpenter) how to undertake a certain
type of lattice work for some windows. As Özdural wrote:

55. Özdural, A.
Omar Khayyam,
Mathematicians, and
Conversazioni’ with
Artisans, 54–71

The intricate geometric patterns that decorate the monuments of the Islamic
world have always intrigued contemporary architectural historians. These
patterns cleverly interlock with each other to create infinite compositions
on wall surfaces, and highly sophisticated configurations of muqarnas are
believed to have been created by architects or artisans who were not only
masters in their own crafts but also competent in geometry.55
Özdural’s articles have been vital to my research as they focus on both maths and
geometry, and the relationship between the two. The mathematical domain relates
to this thesis, which depends on the mathematical basis of muqarnas and also
relies on mathematics for the computational environment (that is embedded within
mathematics) to evolve muqarnas in the future, rather than leaving them trapped
in the past as hidden treasures. Mathematics is at the core of Islamic geometry and
of muqarnas forms in particular; it is therefore vital to understand how the latter
were formed and developed by adducing evidence of these collaborative meetings
between mathematicians and artisans.
Nowadays, computer software is partly replacing the direct involvement of
mathematicians. I believe that this development has the potential to push the
domain of geometric patterns and the design of muqarnas further forward, and this
is one of the key aims of this thesis.
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Computing
The computing industry has been critical for the advancement of architectural
research for three reasons. Firstly, for exploring new and increasingly complex
architectural designs; secondly, for documenting buildings that have since been
destroyed and are now in ruins; and thirdly, for renovating buildings that are in
need of repair.
With regard to my research, computing will allow for advanced algorithms to be
applied to the geometrical design of muqarnas. Developments in computational
processes have assisted and enriched my research in terms of the methods and
techniques that I utilise in my design process. By decoding and reconstructing
traditional compositions and units of Damascene muqarnas forms, this will help
to establish certain methods of construction and constraints. For instance, a
muqarnas vault is built with various niche-like elements arranged in horizontal tiers,
and methods of construction require repetition of these elements in horizontal
tiers.
If, however, these methods of construction are challenged, they may turn into
constraints. For example, in this research the notion of horizontal tiers is challenged
as the tiers follow the curvature of a vault that is not necessarily horizontal. Turning
these methods of construction into constraints to be challenged may push the
evolutionary process of this traditional form into a new contemporary structure.
Traditional muqarnas used to cover a conventional (Euclidean) vault with a regular
geometry, and the forces would be distributed within the surface of the vault.
In order to create a contemporary muqarnas, however, I am going to challenge this
conventional vault and instead use a double-curvature hyperbolic vault. Therefore
in this thesis the traditional muqarnas units used to create this geometry will create
a more complex geometry, together with tension and compression forces.
My research will utilise modern computing techniques in order to fashion muqarnas
into contemporary forms, because mathematics is embedded within their
geometric forms, and these techniques will help to show the forms and elements
that existed previously. I suggest that using computers to develop traditional
muqarnas constitutes a sensible and rational strategy.
Scholars within the computational field have conducted research on the
computerisation of muqarnas over the last two decades. This has aided the process
of preserving existing traditional muqarnas, together with their documentation and
renovation. They have developed an increasing interest in decoding muqarnas,
because these traditional forms are very complex geometrically, and on that
account very challenging computationally.
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Fig 2.40 Line and
point-oriented
self-supporting
muqarnas,
from
Mohammad
Ali
Yaghan.
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In addition they have wanted to examine the possibility of reproducing traditional
muqarnas in contemporary forms. There have, however, currently been few
attempts in the field to evolve this historic form; those that have been attempted
have been brief and lack depth, while their design outcomes are constrained and
lack purpose with regard to the contemporary scene. My aim is to advance the
evolution of traditional muqarnas into new forms and possibilities as I am interested
in the development of contemporary muqarnas that may provide new functions.
Over the following pages I will review the work of computational researchers whose
work has focused on the development of traditional muqarnas.

Mohammad Ali Yaghan
Mohammad Ali Yaghan is an architect by profession and has been a professor at
the College of Architecture and Design, German Jordanian University, since 2007.
He has published in a variety of journals, where it is clear that he is interested in
developing the muqarnas through computing.
In his research on muqarnas, Mohammad Ali Yaghan has utilised computational
tools in order to process the evolution of this architectural form. In his book The
Islamic Architectural Element ‘Muqarnas’ (2001) he describes a computer algorithm
that he has designed for systematically generating muqarnas; however, the
generation system has so far produced only one type, constructed in a radial way,
with every tier consisting of just one type of repeated element. Yaghan’s system is
not able to generate a composition comprising varying arrangements of units.
In his paper, ‘The Muqarnas Pre-Designed Erecting Units: Analysis, Definition of the
Generic Set of Units, and a System of Unit-Creation as a New Evolutionary Step,’56
Yaghan describes how muqarnas are associated with the use of certain sets of predesigned and pre-fabricated units, and shows how discrete methods of joining
the units produce a different range of compositions. He also sets out a program
for the computation of units that is able to create, test and evaluate the concepts
presented in this paper. However, these pre-designed elements that comprise these
contemporary muqarnas are considered to be weak because their flexibility is
restricted in terms of the generation of new forms of muqarnas.

56. Yaghan, MA. The
Islamic Architectural
Element “Muqarnas’:
Definition, Geometrical Analysis, and a
Computer Generation System.

Yaghan’s work is concerned with the development of historical muqarnas using
computer-aided methods. He proposes several options, including new forms with
a structural function, together with new interior–exterior forms that evolve either
from the alteration of plans or from the alteration of layers. He also writes about
a computer program written in AutoLISP (AutoCAD’s dialect of LISP) that might
produce new forms of muqarnas.
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Fig 2.41 Plan analysis of muqarnas by
Sylvia Harmsen.

(a)
pl_natanz.fig

(b)
rmlines_pl_natanz.fig

(c)
gr_natanz.fig

5.2 Computer Reconstructions of Il-Khanid Muqarnas

97

inwards, in Figure 5.10(b) the result of applying Rule 2, the arrows point to the center
and in Figure 5.10(c) the result of applying Rule 3, directions of arrows in an islands are
known, is shown. Rule 4, there are no niches allowed, has no effect in this example. The
computer reconstruction corresponding to the new graph (see Figure 5.10(e)) indeed
agrees with the muqarnas in the basement of the north iwan of the Friday Mosque in
Natanz.

(d)
crc_gr_natanz.fig

(e) WRL/main.wrl

Figure 5.9. Plan analysis for reconstructing the muqarnas in the basement of the
north iwan of the Friday Mosque in Natanz, without specifications concerning the
height used for reconstruction.
(a)
afterrule1.fig

(b)
afterrule2.fig

(c)
afterrule3.fig

This program states that reconstructing a muqarnas containing
√5 tiers is√possible by removing the node indexed by 312, which has coordinates (1+1/ 2, 1+1/ 2). We remove
this node by hand.
We examine the effect of our rules (see Section 3.2) applied on this subplan by calling
plantograph -Qrmlines2_pl_natanz.fig.
In Figure 5.10(a) the result of applying Rule 1, the arrows at the bottom boundary point
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(d)
crc_gr_natanz.fig

(e) WRL/main.wrl

Figure 5.10. Plan analysis of the muqarnas in the basement of the north iwan of the
Friday Mosque in Natanz, with node removal on the diagonal allowed to get desired
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Silvia Harmsen
Sylvia Harmsen is a professor at Ruprecht-Karls-Universität in Heidelberg, Germany,
at the Interdisciplinary Centre for Scientific Computing. She was a member of the
previously mentioned team that was led by Dold-Samplonius.
Her dissertation, ‘Algorithmic Computer Reconstructions of Stalactite Vaults –
Muqarnas – in Islamic Architecture’ (2006) focuses on the muqarnas vaults that
were built during the Seljuk (twelfth century AD) and Il-Khanid (fourteenth century
AD) periods in Iran. Harmsen’s research investigates whether the ‘two-dimensional
projection contains all the structural information of the three-dimensional
muqarnas vault.’57 She maintains that different muqarnas reconstructions are
possible with the same plane projection. Examining the vault, both geometrically
and topologically, into which a muqarnas is supposed to fit or be applied helps to
determine the height and number of the muqarnas tiers. Moreover, she shows
that:
The differences between muqarnas with the same plane projection can be local
or global. Local means that by exchanging several elements the muqarnas are
alike. Muqarnas are globally different if more elements are involved and the
shape, or number of tiers, of the muqarnas varies. We can restrict the number
of reconstructions if we know the proportions of the vault into which the
muqarnas needs to fit. This gives a restriction on the amount of tiers that can
be used.57
To achieve this, Harmsen developed an algorithm graph that analyses the structure
of muqarnas and enables a better understanding of their design. However,
this software tool can only handle muqarnas that fit into domes and niches by
rectangular plane projection; the algorithm does not include muqarnas that appear
on minarets, as they require a different geometric form (a circle).

57. Harmsen, S. Algorithmic Computer
Reconstructions of
Stalactite Vaults Muqarnas - in Islamic
Architecture.

Harmsen’s significant contribution resides in her attempt to reconstruct muqarnas
by developing three computer programs:
I.

The first program, plantograph, is written for converting a muqarnas
sub-plan into a muqarnas graph. … This sub-plan consists only of the
edges which appear in the muqarnas graph. The task of plantograph is to
give the edges a direction.

II.

A second program, removelines, is used to find the sub-plan from the
complete muqarnas plan.

III.

The third program, graphtomuq, calculates a three-dimensional muqarnas
reconstruction from the muqarnas graph with the initial plan as plane
projection.58

Harmsen’s work is an attempt to travel along the computational path; however,
her computer programs are unavailable for current researchers to explore and
investigate further. Furthermore, the design outcomes are limited and spatially
constrained.

58. Harmsen, S. Algorithmic Computer
Reconstructions of
Stalactite Vaults Muqarnas - in Islamic
Architecture.
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Fig 2.42 Showing a
projection
of
a
quarter
muqarnas
vault. (Image courtesy of Necipoğlu and
al-Asad.
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Mohammad al-Asad
Mohammad al-Asad is a Jordanian architect and architectural historian. He is
the founding director of the Centre for the Study of the Built Environment in
Amman. He has taught at the University of Jordan, Princeton University, and the
Massachusetts Institute of Technology (MIT). He was a Visiting Associate Professor
at MIT in 2005.

59. Saliba, G. Artisans and Mathematicians in Medieval
Islam, 119.

In his paper ‘The Muqarnas: A Geometric Analysis’, which appears in Gülru
Necipoğlu’s, The Topkapi Scroll: Geometry and Ornament in Islamic Architecture,
al-Asad discusses the geometry of the muqarnas and demonstrates how one of
the patterns featured within the Topkapi Scroll might be used to design a threedimensional vault. He makes use of computer-assisted software to analyse the
geometric system of the muqarnas designs and to explain how to transform one
of the plan designs of a muqarnas, as represented in the scroll, into a threedimensional architectural unit.59
However, according to some scholars who have reviewed Asad’s work, including
George Saliba, decoding muqarnas projection is always debatable, as sometimes
units can be translated into different scenarios of three-dimensional units. Asad’s
rendering posits that ‘one possible interpretation of the design and many other
renderings might be conjured up, as well’.
According to Dold-Samplonius, when she reviewed al-Asad’s contribution to
Necipoğlu’s aforementioned book:
Al-Asad’s explanations are accompanied by a computer-generated model.
These pictures greatly facilitate the understanding of muqarnas structures.
They show how a three-dimensional complex structure originates based on a
two-dimensional geometrical grid.60

60. Dold-Samplonius, Y. “The Topkapi
Scroll - Geometry
and Ornament in
Islamic Architecture:
Topkapi Palace Library MSH. 1956;
with an Essay on
the Geometry of
the Muqarnas by
Mohammad al-Asad.
By Gülru Necipoǧlu”,
166–172
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Fig 2.43 Documentation
of
three
different muqarnas
iwans of Masjid-iJame in Isfahan, by
Shiro Takahashi.

Architecture
In the field of architecture, several researchers have pursued the subject of
muqarnas.

Shiro Takahashi
Shiro Takahashi is an artist who is known as a pioneer of Japanese media art.
He was a professor at Tama Art University, Tamabi, Japan (1970–2013), leading
research in art and design, and was director at Tama Art University (1996–2006).

61. Takahashi,
S. “Muqarnas: A
Three-Dimensional
Decoration of Islamic
Architecture”

Shiro Takahashi created a rich database of muqarnas, with 1,061 photos and
drawings of many varieties of muqarnas around the world, including Damascus.61
This huge catalogue ranges from countries such as Morocco and Spain, to Egypt,
Turkey, Iran, Afghanistan and Armenia.
He classified these historical forms into three types in an effort to explain the
different styles of muqarnas. On his website he provides a database of the functions
of the muqarnas used in domes, vaults, squinches, minarets, etc. He also provides
an archive of a variety of materials used to form muqarnas compositions, such as
brick, stucco, wood, ceramic, plaster and stone.
Takahashi was able to create a documentary database of these traditional forms
that serves as a reference for current researchers. Being not only able to have a
photo of the form but also a two-dimensional projection is significant in muqarnas
research, and he secured an initial platform for research from which to depart.
However, I believe that what he has offered needs to be carefully evaluated before
being used because, for instance, as discussed in detail earlier in Chapter 2, section
4, the Takht-i Suleyman plate has been examined in detail by various researchers
who have provided different interpretations of the plate. Decoding is therefore
translated in different ways.

266

section 2.3
George Saliba
George Saliba is Professor of Arabic and Islamic Science at the Department of
Middle Eastern, South Asian, and African Studies, Columbia University, New York,
where he has been since 1979.
Saliba has criticised the presumed relationship between artisans and
mathematicians in his article ‘Artisans and Mathematicians in Medieval Islam’
(1999), and has scrutinised the earliest historical sources in which such a
relationship is depicted. Also, he shows how a number of early texts might be
investigated to examine the presumed intimate connection that had advanced
between artisans and theoretical mathematicians. He himself has dismissed this
presumed relationship between artisans and mathematicians, as he is opposed to
Necipoğlu’s view that there ever was a relationship between them.
He has argued that Necipoğlu’s assumption is hard to entertain, let alone prove, and
that it is based on the available evidence from only a few surviving mathematical
treaties. He claims there is a difference between the technical language used by
mathematicians and artisans, and that mathematicians rarely taught artisans
directly and seldom wrote for them.62
In my opinion artisans definitely had great crafting techniques and abilities that they
passed through generations, but I also believe there was collaboration between
mathematicians and artisans and that they were directed, at least in the initial
stages of their work, which inspired them to go in various creative directions.

62. Saliba, G. Artisans and Mathematicians in Medieval
Islam, 119

Farshid Moussavi
Farshid Moussavi is an architect, founder of Farshid Moussavi Architecture, and
Professor in the Practice of Architecture at Harvard University Graduate School of
Design.
In her book The Function of Form (2009)63, Farshid Moussavi describes material
systems, and how they can be tessellated to create a variety of forms, among them
vaults and domes, including the muqarnas domes. She explains the general system
of the domes and their parameters, such as plan, profile, scale, depth and effect,
as well as the base unit of these forms, and provides several examples, together
with drawings, plans and perspectives. She also breaks down each muqarnas into
the multiple tiers that comprise its arrangement and sets out to analyse muqarnas
domes within a tessellation system, which she calls ‘vertical muqarnas domes’.

63. Moussavi, F. The
Function of Form.

Moussavi’s work within the muqarnas domain is at present small, but has
nevertheless been vital for my research due to the fact that she examines traditional
muqarnas domes in detail. Her work provides this research with a geometric and
topological understanding of these historical domes.
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Fig 2.44 Muqarnas
drawing from the
Topkapi
Scroll.
Fa-shaped
radial
muqarnas
quarter
vault
and
shellshaped radial muqarnas quarter vault.
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Gülru Necipoğlu
Gülru Necipoğlu is a Turkish-born American professor of Islamic Art at Harvard
University. She is co-author (along with Mohammad al-Asad) The Topkapi Scroll:
Geometry and Ornament in Islamic Architecture (1995), in which she discusses
geometry, muqarnas and the contribution of mathematical science.
The scroll is reproduced in its entirety in this book, and the text provides an
analysis of the scroll. Necipoğlu discusses the drawings, which were executed on
geometrically ordered grids in depth. These design drawings could be multiplied
to provide patterns for wall decoration, mosaic ornamentation, or muqarnas
vaults and domes that would have been made of plaster with underlying
geometric structures that shaped them, known as girih in Persian. They form a
grid that establishes the pattern design. Usually such grids are eliminated from
the final drawings, but they can be seen in this scroll. In my opinion the girih
give an aura of mysterious complexity to the patterns. Necipoğlu discusses the
notion of girih as well as the relationship between these grids and the final image
of patterns of polygons and stars. The grids consist of nodal points that correlate
with the centres of these polygons.
The text of Necipoğlu’s book aims to examine the era of recording and
transmission of architectural design in the Islamic world between the tenth and
sixteenth centuries AD, and compares the Islamic understanding of geometry with
that found in medieval Western art. She stresses that these patterns discussed
by her signify the identity of dynasty, and that this is part of their function in the
Islamic world.
Necipoğlu points out that today we have no indication of how much more
traditional architects may have known about the mathematics involved . She
shows that drawings such as those shown on the scroll would have served as
pattern books for the artisans who fabricated the tiles and the shapes of the
girih tiles. In this way, craftsmen could make highly complex designs without
resorting to mathematics and without necessarily understanding their underlying
principles,64 and I believe this logic might be reflected in the relationship between
the traditional artisan and the muqarnas. Necipoğlu also proposes that geometric
treatises were increasingly available for artisans between the tenth and sixteenth
centuries AD, which helped to develop geometric decorations into complex forms,
as well as the techniques that were used to create them.

64. Necipoğlu, G &
Al-Asad, M. The Topkapi Scroll: Geometry
and Ornament in
Islamic Architecture,
6th Ed

In my opinion, Necipoglu’s book, provided an insight into the traditional drawings
of ancient drafting, and the relationship between the artists and mathematicians.
The book provides an analysis of the scroll were she focused on the geometry of
patterns, including the muqarnas. This is the core of this thesis, the geometry of
the muqarnas. Necipoglu’s book shed light on the conceptualization, recording,
and communication of architectural design in the Islamic world between the tenth
and sixteenth centuries. It compared the Islamic understanding of geometry with
that found in medieval Western art.
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Fig 2.45 Ivan Sutherland
operating
‘Sketchpad’ in 1962.
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2.4

COMPUTER AIDED DESIGN AND MANUFACTURING

In section 1.3 we discussed the development of the muqarnas plan, from its earliest known
example, the Il-Khanid Plate, to the Topkapi and the Mirza Akbar Scrolls. As we saw, there
is relatively little difference in terms of geometrical development between the muqarnas
described on the Il-Khanid Plate, which dates from the 13th century, and those described in
the Topkapi and Mirza Akbar Scrolls, which date from the turn of the fifteenth and sixteenth
centuries and the mid nineteenth century respectively.
Perhaps the most significant difference between the plates is in the way that they are
drafted, with the Il-Khanid plate being etched onto stucco and the scrolls being hand
drawn. However, there remains relatively little difference between the drafting styles of
the Topkapi Scroll and those of the Mirza Akbar Scrolls despite there being three-hundred
and fifty years between them.
In terms of architectural drafting techniques, little would change until computers began
to become commonplace in the early 1990’s, indeed the only major developments that
would affect architectural drawing in the intervening years were related to reprographics.
Essentially, architectural drawing was still limited to the same two-dimensions that it had
always occupied. The invention of Computer Aided Design (CAD) would soon change that.

Computer Aided Design (CAD)
The beginnings of CAD can be traced back to the year 1957, when Dr. Patrick J Hanratty
developed PRONTO, the world’s first commercial Computer Numerical-Control (CNC)
programming system. CNC technology would soon become commonplace in the
automobile industry as it allows machines to be automated by means of computers.
PRONTO would shortly be followed by Sketchpad, which was invented by Ivan Sutherland in
1963, and is considered to be the first CAD program. Sketchpad was revolutionary as it was
the first program to utilise a Graphical User Interface (GUI), which allowed its users to input
commands by means of graphic icons, rather than typing.
The program also introduced the concept of ‘master’ and ‘occurrences’, as such a ‘master’
might describe the geometry of a cell, while the ‘instance’ would describe its location(s) and
orientation(s). As such the program showed how it was possible to describe seemingly complex
systems by first identifying their smallest units, and then describing where these units occur.
Furthermore:
The Sketchpad system uses drawing as a novel means of communicating with a
computer. The system contains input, output, and computation programs that enable
it to interpret information drawn directly on a computer display. It has been used to
draw electrical, mechanical, scientific, mathematical and animatea drawings; it is a
general-purpose system. Sketchpod has shown the most usefulness as an aid to the
understanding of processes, such as the motion of linkages, which can be described
with pictures. Sketchpod also makes it easy to draw highly repetitive or highly accurate
drawings and to change drawings previously drawn with it. The many drawings in
this report, including legends and labels, were all made with Sketchpad.65

65. History-Computer.com. “Sketchpad
of Ivan Sutherland”
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Fig 2.46 The
AutoCad interface.

Fig 2.47 The
Rhinoceros 3D
interface.
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2D
In truth early CAD programs were essentially replacements for drawing boards
and manual drafting. Although they were unable to produce drawings of the
same graphic quality as humans, CAD programs had the advantage that they could
easily be modified, revised and reproduced. As the cost of computers fell and the
skills of CAD technicians rose, so CAD drafting replaced manual drafting. By the
mid to late 1990’s the art of manual drafting had been made largely redundant.

3D
Although early ‘wire-frame models’ were developed in the early 1960s, and MAGI,
the world’s first ‘solid modeller’, was released in 1967, 3D modelling programs
would not become established in the architectural world until at least the early
1990’s and even then they were relatively unsophisticated and difficult to use.
However, following the invention of Non-uniform rational B-spline (NURBS) in
1989, 3D software would rapidly develop in terms of visual quality and ease of
use.

Rhinoceros 3D
In 1992 AutoDesk, the makers of the predominantly 2D AutoCAD program, hired
McNeel & Associates to develop AccuModel, NURBs modelling for AutoCAD.
However, after a brief collaboration with AutoDesk, McNeel would release their
own stand-alone version of the product in October 1998. The new program was
named Rhino and due to its ease of use and excellent graphics it soon became
popular in offices such as Zaha Hadid Architects and UN Studio, where it was used
to develop increasingly complex free-form shapes.
The architectural style of those two offices owes much to the work of Antoni
Gaudi. However, the similarities between their works are much more than skin
deep. What is particularly surprising is that all three have used parametric design
tools in order to generate their forms.
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Fig 2.48 An upside
down force model of
the Colònia Güell,
Sagrada Família
Museum.

Fig 2.49 A
parametric model of part
of the MercedesBenz Museum by UN
Studio.
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Parametric Design
Parametric design is a process based on algorithmic thinking that enables
the expression of parameters and rules that, together, define, encode and
clarify the relationship between design intent and design response.66
Despite the fact that Gaudi had died some ten years before Alan Turing
outlined the concept of the modern computer in his seminal 1936 paper,
On Computable Numbers he was well aware of the concepts of parametric
design, having used analogue parametric design techniques in the design for
the Church of Colònia Güell.

66. Sears, A (Ed.).
The Human-Computer Interaction
Handbook.

The use of parametric equations can be seen in many aspects of
Gaudí’s architecture but is perhaps best illustrated by his use of the
hanging chain model. Gaudí used this principle to design the Colònia
Güell Chapel by creating an inverted model of the chapel using strings
weighed down with birdshot.
Because of Hooke’s principle, the strings would always settle into
a shape that, when inverted, would stand in pure compression.
The hanging chain model has all the components of a parametric
equation.
There are a set of independent parameters (string length, anchor
point location, birdshot weight) and there are a set of outcomes (the
various vertex locations of points on the strings) which derive from
the parameters using explicit functions (in this case Newtons laws of
motion).
By modifying the independent parameters of this parametric model
Gaudí could generate versions of the Colònia Güell Chapel and be
assured the resulting structure would stand in pure compression.67
As described earlier, Ivan Sutherland’s ground-breaking program, Sketchpad, would
later include some basic parametric functions. Indeed many of the early 2D/3D
programs, such as AutoCAD and Microstation, would also have some parametric
capabilities. One example of this is the Mercedes-Benz Museum in Stuttgart (2006),
which was designed by UN Studio with the help of Arnold Walz who used Microsoft
Excel in combination with AutoCAD in order to create a fully parametric model of
the building.

67. Davis, D. A History of Parametric

Although Walz was himself a trained architect he had specialised
in parametric design, which at this time was a relatively niche field.
By establishing a role as a parametric consultant, Walz essentially
fulfilled the role of ‘mathematician’, while UN Studio concentrated
solely on the ‘design’. As such, it’s possible to draw parallels with the
‘mathematician’/’artisan’ relationship that existed in the Medieval Islamic
World. This relationship would however change in 2007, with the release
of Grasshopper 3D.
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Fig 2.50 Rhino &
Grasshopper
interfaces.

Fig 2.51 Rhino &
Grasshopper
interfaces.
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Grasshopper 3D (GH)
For designers who are exploring new shapes using generative
algorithms,Grasshopper® is a graphical algorithm editor tightly integrated
with Rhino’s 3D modelling tools. Unlike RhinoScript, Grasshopper requires
no knowledge of programming or scripting, but still allows designers to
build form generators from the simple to the awe-inspiring.68
Grasshopper is a Visual Programming Language developed by David Rutten &
McNeel that operates as a plug-in for the latter’s Rhinoceros 3D. Grasshopper
allows its users to create complex parametric models without the need to
learn conventional programming. Essentially, the program allows the user to
replace conventional ‘coding’ with visual icons.

68. http://www.
grasshopper3d.com/

Fig 2.50 and Fig 2.51 demonstrate how GH is able to perform in a very similar
way to Gaudi’s analogue parametric model for Church of Colònia Güell. Rather
than using physical string, we are able to import a line from Rhino (seen on the
left screen). Using GH (seen on the bottom-right screens) we are able to place
four points on the line; at 0 (i.e. the beginning); 0.25 (i.e. at quarter-length); 0.75
(i.e. at three-quarter-length); at 1 (i.e. at the end).
In the second step (see Fig 2.51) we move the second point down by 5 units
(-15) and the third point down by 15 units (-15). By doing this we are essentially
replicating the way that Antoni Gaudi manipulated his pieces of string by hanging
weights along their length. As one can see from figure XI, the straight line is bent
by the numerical forces acting upon it.

Scripting & Programming
Scripting and programming languages have become the driving force for
architectural thinking in the twenty-first century.
The latest research into programming languages has helped make technology tools
and software accessible to architects within known architectural software such as
Rhinoceros. For example, Daniel Piker has created an interactive physics plug-in
(Kangaroo) for Grasshopper in Rhinoceros, while Clemens Preisinger has developed
Karamba for Rhinoceros, and Philippe Block and John Ochsendorf have developed
their Thrust Network Analysis methods. Such efforts form the precedents and
parallel references for my current research.
It could be argued that growth in the role of simulation in conceptual design and
evaluating building performance is coupled with the need for architects to manage
the dichotomy between high-resolution geometries used in simulation and lowresolution, manipulation-friendly CAD geometries. Researchers have argued for
the benefits of Hierarchical Subdivision Surfaces in managing such a process. This
prototype attempted to physically manifest spatial, sculptural and ‘form-found’
shapes in concrete.69

69. Hadid, Z., Schumacher, P. & Bhooshan, S. Digital Hadid
Revisited
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This thesis aims to extend such efforts to show the complexities and challenges
facing contemporary architectural practice in relation to evolving a historical form of
muqarnas to meet the requirements of modern times. The prototype of this thesis
design realised spatial, sculptural and ‘form-found’ muqarnas shapes and vaults in
engineered wood materials.
A virtual form-finding tool is very common nowadays in architectural offices. This
might be achieved with the use of the Rhinoceros program, Grasshopper, and a
plug-in for Grasshopper called Karamba.

Karamba

70. https://www.
karamba3d.com/
[Accessed 1 February
2017.]

Karamba is a parametric structural engineering tool that provides accurate
analysis of spatial trusses, frames and shells. It is fully embedded in the
parametric design environment of Grasshopper GH, a plug-in for the 3D
modelling tool Rhinoceros.70
Karamba was designed by Clemens Preisinger, a researcher and engineer based
in Vienna. His interests lie in the implementation of technological developments
and computational strategies within the design process of architectural projects.
Recently, Karamba became an interdisciplinary team effort for architects and
structural engineers who use Karamba in their daily office work at BollingerGrohmann-Schneider. Karamba has been used by many architectural practices,
such as Zaha Hadid Architects, who used the tool in order to develop the design for
their pavilion at the 5th China International Architectural Biennial (2013).
In the early stages of building design, new digital and parametric tools have created
new opportunities for collaboration between architects and engineers. As a result,
a subsequent step would be to assess building physics or structural performance
through parametric designs and the application of generic optimisation algorithms.
Karamba is used in the early stages of design, for form-finding and structural
optimisation.
Karamba is embedded, and used interactively, in the parametric design environment
of GH. As it is a GH plug-in it integrates with the varied environment of other thirdparty programs available for GH. These environments range from building physics
applications to genetic optimisation engines.
In this design thesis, Karamba was used to optimise the structural performance of
interactive contemporary muqarnas hyperbolic paraboloid shells. The thesis design
reinterprets Félix Candela’s work together with contemporary hyper muqarnas
shells, which are both structurally and environmentally performative as well as
being exuberant and highly aesthetically pleasing.
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The potential of Karamba as a form finding tool is demonstrated in the example
outlined below, by first creating a starting or boundary surface by generating a
rectangle from two points. A mesh is then created from this surface.71 Karamba
usually works with meshes. The surface is converted into a mesh, and increasing
the subdivision of the mesh increases the resolution of the surface, so the U and V
values, for example, are given a value of 20 U and V divisions. Then the mesh is fed
into the ‘shell Karamba’ capsule, and the capsule connected to the mesh surface.
This capsule is important. Later, many capsules are plugged into the mesh surface
and Karamba is used to analyse what the mesh requires.
When using the assembled Karamba capsule, four support/anchor points for the
mesh surface are required. A load is required to raise the mesh up and make the
form. The load is created using a two-point load Karamba capsule; Karamba looks
for a vector so the direction and position of the load can be determined. A positive
Z axis may be used, together with the load value, which is 2. The position of the load
needs to be obtained from the structure. There is a need to locate the point loads
with the use of an MT slider to evaluate the surface, and a need to parametrise the
mesh surface. There is now a point on the flat surface mesh.
To start the form being found, other capsules are required. It is necessary to add
the analysed capsule, a ‘model view (Karamba)’72 capsule, which is used to connect
to the assembled Karamba model, and then a ‘shell view (Karamba)’73 capsule to
connect to the ‘model view’.
There will be some deformation of the surface mesh. There are two variables; if
they are changed, the shell form changes. When there is an increase or decrease in
the point load, the deformations change. This will change the location of the point
load, and when the MD slider changes, the location of the point load also changes.
To visualise the height of the point load, which can be used later for fabrication, a
line may be employed, which can help visually with the changes in number. The
line has a real scale to help visually with the changes of the point load position. A
second point load may be added.
This is a parametric process because the form is going to respond to the load of
the points and their position. As a result of this form-finding exercise in Karamba
in Rhinoceros, two meshes are left: the form-finding shell (the one I was aiming
to produce by using Karamba and the two point loads), and the original flattened
mesh (the one this exercise started with).

71. According to
Robert McNeel’s
website, the mesh
command creates a
polygon mesh from
a NURBS surface or
polysurface. A mesh
is a collection of vertices and polygons
that define the shape
of a polyhedral object. Meshes in Rhino
consist of triangle
and quadrilateral
meshes for export to
various file formats.
If a mesh is generated from a solid,
the mesh will be a
seamless (watertight
or closed) mesh.
Available at http://
docs.mcneel.com/
rhino/5/help/en-us/
commands/mesh.
htm. Accessed 7
March 2017.

72. The model view
(Karamba) capsule
or component in
Grasshopper enables
an inspection of the
current state of the
model. Usually it is
plugged into the data
pipeline in front of
‘Beam View’ or ‘Shell
View’ to control the
overall model display.
Available at https://
rhino.github.io/components/karamba/
modelViewkaramba.
html. [Accessed 25
March 2017.]

73. The shell view
(Karamba) capsule
or component in
Grasshopper enables
an inspection of the
current state of the
shells in a model. It
can be plugged into
the definition after
the model view-component to fine-tune
the model display.
Available at https://
rhino.github.io/components/karamba/
shellViewkaramba.
html. [Accessed 25
March 2017.]
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Computer Aided Manufacturing (CAM)
Computer Aided Manufacturing involves the use of computer software to control
machines in order to manufacture products automatically. In this section I will
describe three different CAM technologies that have the potential to manufacture
computational muqarnas.
Computer Numerical Control fabrication (CNC) is a process of subtracting; it cuts a
material into desired components or shapes.
3D-Printing is a process of adding materials, such as plastic, to create the desired
outcome.
Multi-Point Forming (MPF) is a process of fabricating movable moulds.
These techniques are likely to be the way forward for architecture in the foreseeable
future. Using these techniques will help to develop a system that is unique to an
individual project rather than searching for a universal modular system, that is to
say, one that fits every situation.
These fabrication techniques allow design solutions to be physically studied and
further examined. The connection between design medium and fabrication has
become much closer. Architects now have the ability to output virtual geometry
directly from three-dimensional computer models to CNC cutters, mills and routers,
or 3D printing, as CNC machines or 3D printers easily shape complex geometry.
These three fabricating methods might therefore be the way forward for fabricating
computational muqarnas.

Computer Numerical Controlled Machining (CNC)
Computer numerical control machining equipment was developed in the 1940s and
1950s, and the Massachusetts Institute of Technology (MIT) played a large part in
normalising and spreading the use of this system. This technique allowed for the
mass production of components to be used across many industries. Today, such
high-tech machinery is easily able to perform a variety of milling and turning tasks
at higher speeds than previously. CNC milling includes wood and steel fabrication
components; the steel components might be in aluminium, stainless steel or
carbon.
CNC machines are economical and available for architects to use in their own offices.
Their use has become widespread, so that in most large cities metal fabricators
and woodworking outlets are currently utilising them. Current digital fabrication
technology communicates information from computer-generated software (CAD)
directly to manufacturing equipment (CNC milling machines). An existing example
is the CNC fabricated home built by the Rural Office for Architecture in the UK in
2014.
74. Rural Office for
Architecture. “Rural
Studio”.
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The building is easily assembled by two people, is affordable, thermally
efficient and complies with permitted development.74
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This house was fabricated and assembled in just one week, and is a prototype
for a self-assembly plywood sheet studio kit (seventy-four modular panels
using eighty-nine sheets). The plywood acts as the structure, building envelope
and internal finish. The house has the advantage of allowing for future
extension, alteration or relocation. The materials are also chosen for their
environmental credentials and ability to be recycled. The modular repetitive
structural panels for walls, floors and roof require no additional structural
support above ground.
This fabrication method has recently been developed to customise fabricated
interiors through CNC technology, such as manufacturing the components
of two pavilions that form a new shop for the Victoria and Albert Museum
in London, designed by the London studio Friend and Company. ‘This new
space was constructed using a variety of digital fabrication techniques,
including 3D-printed ceramics, laser cutting, CNC routing and water-jet cutting.
The design team refer to these processes as ‘robotic craft’.75
The computational muqarnas components could be labelled and cut with CNC
milling machines using wood material, and then reassembled to reveal the
complex form of one single cluster of three shells.

3D-Printing

75. Available at
https://www.dezeen.
com/2017/05/19/
friend-companyharnesses-roboiccraft-new-shop-vamuseum-london/.
Accessed 3 May 2017

The technology for 3D printing first appeared as early as the 1970s, while
the first 3D-printing company was founded by Chuck Hull in 1986 in the USA.
Initially, it was used mostly in the automotive sectors. It was invented with the
intent of allowing engineers to create prototypes of their designs. Due to its
success in the automotive industry it spread into many other areas of industry,
however it is only within the last decade or so that it start to spread into
the architecture sector where the technology is now used to create models,
prototypes and patterns.
There is an idea that our houses could be digitally ‘printed’ in the future. In
fact in July 2015 the Chinese construction company Zhuoda Group constructed
a cheap, renewable and 3D-printed house from six 3D-printed modules in
just three hours. The house is a factory, which is produced in pieces and then
assembled on site. The price and speed involved certainly provides an effective
and cost-saving way to construct buildings.76
Currently, 3D printing is used to fabricate a physical prototype of components
or panels in the architectural domain, such as large and detailed masterplanning models, or for automotive and aerospace models that require a
precise accuracy and superior surface finish. Some parts may be manufactured
within a day, depending on the complexity of the design and the size. Printing
may take a few hours or days. Some 3D printed prototypes and designs are
strong enough to be machined and manufactured and can also be used to
make master patterns for various metal casting processes.

76. Available at
https://www.3printr.
com/zhuodagroup-unveils-3dprinted-modularhome-2729994/.
[Accessed 28 April
2017.]
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Fig 2.52 Computer
Numerical Controlled
Machining (CNC).

Fig 2.53 Zhuoda,
3D Printed House,
2015.

Fig 2.54 A multipoint
forming
machine.
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Another example is a 3D house printed in Moscow 2017 that was fabricated within
only twenty-four hours.
San Francisco-based 3D-printing start-up, Apis Cor, recently showed it can 3D-print
concrete walls for a small house in less than 24 hours. Using a 3D-printer to lay
down concrete walls on a test site in Russia, the firm was able to ‘print’ a 400 sq
ft house. The printer, which resembles a small crane, places layers of a concrete
mixture the company claims can last for 175 years and after the walls have been
laid, the printer is removed and insulation, windows, appliances and a roof is added.
The company claims these houses could be used to help quickly re-house people
affected by natural disasters, or in areas of extreme housing crises.77
Also, in the new shop at the V&A (as mentioned in the section above), both
pavilions feature a floor of ceramic tiles, which were 3D-printed by a robotic arm,
before being hand glazed.

77. Available at
http://www.wired.
co.uk/article/architecture-and-3d-printing. [Accessed 27
April 2017.]

3D printing uses computer-aided design software (CAM/CAD) and is a method
of creating 3D objects by successively ‘printing’ thin layers of an object using a
medium curable by ultraviolet light, starting from the bottom layer to the top layer.
The technique is often costly, which is a disadvantage, and the machines themselves
are expensive. Also printing small parts of a physical model of a building may be
really expensive.
The computational muqarnas components might be fabricated using 3D printing
machines with plastic or concrete material, and then reassembled to comprise a
complex form of one single cluster of three shells.

Multi-Point Forming (MPF)
MPF is an advanced and flexible manufacturing technology for three-dimensional
sheet metal parts. MPF can be used to form a variety of part shapes without the
need for solid dies, and given only geometry and material information about the
desired part. With the fabrication of a movable mould, this option is considered
to be the most efficient of the three systems in terms of fabricating computational
muqarnas.
Multipoint forming is a state-of-the-art method for processing sheet metal panels
into various forms by controlling the height of small presses arranged in multilayers, utilising a multiple-post hydraulic press. The basic principle is similar to the
pin toy, which can copy any shape by pushing movable pins with an object like a
face, a hand, or an apple. A well-known effort to develop an MPF technology for
large structures is the DATAFORM project supported by the European Commission
from October 2006 to October 2009. The DATAFORM project was initiated to
develop alternative methods for manufacturing 3D aircraft panels. Multipoint
forming was also deployed in a building project. It was utilized to fabricate the
distorted steel columns of Beijing Olympic Stadium. These steel structures were
bent with various curvatures in different directions, and production was possible
with multipoint forming.78

78. Available at
http://www.sciencedirect.com/
science/article/pii/

283

chapter two
Fig 2.55 Paris,
Chanel Mobile Art
Pavilion, 2011.

Fig 2.56 Seoul,
Dongdaeum Design
Park, 2011.

Fig 2.57 Los
Angeles, Walt Disney
Concert Hall, 2003.
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There is a misconception that there is a mature and affordable technology to masscustomise double-curved panels, because of the spread of the unusually curved
buildings designed by architects such as Frank Gehry and Zaha Hadid. The fact
is, however, that this technology is still extremely expensive and is only viable for
projects where the budget is particularly generous. Existing buildings with curved
shapes and geometries have hardly used true double-curved panels; instead they
have used tricks. Buildings that have used this technique are as follows:

Chanel Mobile Art Pavilion
2011
Paris, France
Zaha Hadid Architects
Each panel in the Chanel Mobile Art exhibition building was fabricated to be
double curved, but the panels were built using plastic material [fibre-reinforced
plastic (FRP)] that was cheaper and easier to manipulate than sheet metal
panels. In addition, as the Chanel Mobile Art exhibition building is temporary,
there was less emphasis on durability, waterproofing, and insulation than
would be required for other permanent structures.79

Dongdaemun Design Park
2011
Seoul, South Korea
Zaha Hadid Architects

79. http://biis.yonsei.ac.kr/pdf/Publications_Patents/1.%20
Journal(INT’L)/9.%20
JCEM_DDP_mass_
customization_Final.
pdf

This building, also designed by Zaha Hadid Architects, has an unusually high
percentage of double-curved panels.
Among the 45,000-façade panels
approximately 22,000 panels are double-curved.

The Walt Disney Concert Hall
2003
Los Angeles, USA
Frank Gehry
This was designed by Frank Gehry and, despite its complex shape, comprises flat or
one-way curved panels, the shapes of which were achieved through a process of
converting double-curved surfaces into developable surfaces. Some double-curved
surfaces were employed in only a few places, with low precision on account of the
discontinuity of the curvatures.
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CONCLUSIONS
The conclusions to this chapter will follow a similar format to that used at the end
of chapter one. As such they will be divided into the following four sections:
Firstly, The Development of Modern Damascus, secondly, Contemporary Muqarnas,
Thirdly, Mathematics, Computing & Architecture, and finally, Computer Aided
Design and Manufacturing.

1: The Development of Modern Damascus
In the first section of chapter two, I described the development of Damascus
between 1839 and the present day. During this period the population of the city
grew from approximately 140,000 (recorded in 1867) to an estimated 1,711,000
(recorded in 2009), while the urban area of the city expanded from just over 4km2
to 77km2. As such, the population and area of the city have expanded by factors of
twelve and eighteen respectively. By way of comparison, during the same period
the population of Greater London grew from 3,094,391 (recorded in 1861) to a
present day figure of 8,173,900, representing expansion by a factor of just under
2.7.
The ongoing Syrian conflict has obviously had a profound effect on Damascus,
however that does not change the fact that city was already experiencing severe
problems before the fighting began. Indeed, it is the opinion of Marwa al-Sabouni,
a Syrian architect and writer, that architecture was one of the major contributing
factors to the war:
The old Islamic city in Syria was built over a multi-layered past, integrating with
it and embracing its spirit. So did its communities. People lived and worked
with each other in a place that gave them a sense of belonging and made
them feel at home. They shared a remarkably unified existence....But over
time, the ancient became worthless, and the new, coveted. The harmony of the
built environment and social environment got trampled over by elements of
modernity -- brutal, unfinished concrete blocks, neglect, aesthetic devastation,
divisive urbanism that zoned communities by class, creed or affluence.
While many reasons had led to the Syrian war, we shouldn’t underestimate
the way in which, by contributing to the loss of identity and self-respect,
urban zoning and misguided, inhumane architecture have nurtured sectarian
divisions and hatred. Over time, the united city has morphed into a city centre
with ghettos along its circumference. And in turn, the coherent communities
became distinct social groups, alienated from each other and alienated from
the place. From my point of view, losing the sense of belonging to a place and
a sense of sharing it with someone else has made it a lot easier to destroy.80
While one hopes that the conflict will soon end, one must at the same time be wary
of what caused the conflict and seek to address those problems. Cities are built
by humans, and as such mistakes will inevitably be made. Like Damascus, London

80. TED. “How
Syria’s Architecture
Laid the Foundations
for Brutal War”.
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experienced the influence of modernist architecture and urban planning, some of it
was positive and some of it less so, however the profound difference seems to be
that London tended to learn from its mistakes, while Damascus continued to repeat
them.
As such, one can see how having demolished large areas of Victorian terraced
housing in order to make way for high-rise estates, London’s architects and planners
realised their mistakes and adapted to them. Consequently architects such as
Neave Brown developed new models of housing that drew inspiration both from
modernism, in terms of style and materials, yet at the same time recognised the
value of the traditional street, the intimacy of its surroundings and its ability to
foster human interaction. As such, projects like the Alexandra Road estate (1978)
and the Fleet Road project (1967) survive today (with Grade II listed status), while
many of the tower blocks that preceded it have since been demolished.
With the war in Syria hopefully drawing to a close, the government is already
drawing up plans for new neighbourhoods to replace those that have been
destroyed. One such neighbourhood is Baba Amr in Homs. However, the current
plan, which features yet more tower blocks, modern malls and broad avenues,
shows little sign of learning from the mistakes of the past. Al-Sabouni made her
own suggestions for the neighbourhood with a winning entry in UN-Habitat’s Mass
Housing Competition of 2014.

81. Stott, R.
“UN-Habitat Announces Winners of
Mass Housing Competition”,
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Team Render has adapted motifs from traditional housing that provide shade
and ventilation, applying them to a design which provides a range of different
apartment sizes as well as ground-level commercial units. These are included
in a repeated, tessellating unit which spreads across the entire area, creating
a monolithic housing scheme which breaks at key spaces with public space or
important civic buildings.81
It is of vital importance that as Syria rebuilds it avoids repeating the mistakes of the
past. In the years before the war the government had begun to realise the value
of the Ancient City of Damascus, not least as a source of income from tourism.
It is my profound hope that the government also begins to draw lessons from its
architectural and urban fabric and begins applying them to contemporary projects.
While muqarnas represent just one detail of the architecture of the Islamic world,
they are emblematic of a lost art and way of thinking that I believe it is important to
rediscover and to combine with modernist thinking in order to develop something
that is both contemporary, yet at the same time timeless and of lasting value.

conclusions
2: Contemporary Muqarnas
I wish to document the architectural/aesthetic development of muqarnas,
from their inception, to the present day and to propose ways that they might
develop in the future.
I used the second section of chapter two to review the work of several artists and
architects who had made contemporary compositions based on muqarnas. These
included Nader Hamekasi, Faramarz Samavati and Ahmad Nasri (2011); Mohammad
Yaghan (2011); Parametrica (2013); and Rafia al-Bahlani (2013).
The study by Hamekasi, Samavati and Nasri, entitled ‘Interactive Modelling of
Muqarnas’, was impressive on a technical level and it showed that its authors
had a formidable understanding of the mathematics behind traditional muqarnas
compositions. While the software that they developed has the potential to
benefit the reconstruction of damaged or destroyed muqarnas, its potential for
creating new muqarnas compositions is somewhat limited. Their approach is
limited not only to traditional muqarnas cells, but also to traditional forms, such
as domes and half-domes. As such, while it allows its users to create entirely
original compositions, these compositions are virtually indistinguishable from the
compositions of old.
Mohammad Yaghan, on the other hand, tried to create something new with his
study ‘Self Supporting “Genuine” Muqarnas Units’. Again the project is impressive
from a technical point of view, however, I was most inspired by the fact that he
had developed a structural role for his muqarnas and was able to propose selfsupporting compositions that formed independent envelopes. While many of
the forms that he was able to generate were similar to traditional muqarnas
compositions, I felt that they lacked the subtlety and beauty of the originals.
Furthermore, Yaghan’s attempts to extend the application of muqarnas to unusual
forms (i.e. those not commonly utilised in the architecture of the Islamic world),
were largely limited to simple ancient forms such as the barrel vault.
Like Yaghan, the Parametrica group also sought to innovate. However, rather than
focusing on structure they attempted to create a muqarnas composition that was
capable of movement. Unfortunately their experiments met with limited success.
Firstly the forms that they created were essentially tessellations of two-dimensional
surfaces. Given that muqarnas are undeniably three-dimensional forms, it is
difficult to construct an argument that Parametrica’s designs even qualify as
examples of the art-form. Furthermore, the movement of the models that they
created seemed somewhat random and lacking in control. As such, had they been
more successful with their experiments, it still remains unclear what kind of role
was intended for their pavilion other than an aesthetic one.
Rafia al-Bahlani also tried to give her muqarnas compositions performative roles as
she created both a lighting installation and shelving units within an office space.
Formally she only really succeeds in creating designs that closely resemble the twodimensional projections of the muqarnas domes of the Alhambra (which served as
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her inspiration). The ‘muqarnas’ shelving that she creates is essentially an extrusion
of a two-dimensional plan and as such has none of the three-dimensional attributes
that define a true muqarnas composition. Furthermore, it has somewhat limited
functionality as a bookshelf. Her lighting installation is however more successful,
and by making use of a paper-folding technique, she manages to create a seemingly
complex form in an efficient way.
Although each of these studies made use of computers and more specifically
parametric modelling techniques, it is difficult to argue that any of them contribute
formally to any kind of advancement of muqarnas composition. The studies may
increase our understanding of traditional muqarnas (and how to recreate their
geometry using modern techniques), however they do not offer too many clues as
to how the art form might be advanced in order for it to fit within a contemporary
setting.
Now that we have a firm understanding of how computers and parametric modelling
can be used to recreate traditional muqarnas compositions, the next logical step is
to use this knowledge in order to create contemporary compositions. Traditionally
the artists and craftsmen who designed and executed muqarnas compositions were
constrained by the fact that they only had access to a limited set of drawing tools
(i.e. rulers and compass). As such, it was a relatively difficult process to construct
a shape as simple as a regular pentagon. With modern day parametric techniques
it is now possible to draw multiple polygons simultaneously. Furthermore, rather
than simply projecting them vertically onto a limited number of traditional forms
(i.e. domes), it is now possible to project them onto an unlimited number of freeform surfaces.
As such, it is my intention to develop a contemporary muqarnas not by
simply reproducing the designs of old, but by combining my understanding of
contemporary parametric modelling techniques with a renewed understanding of
the underlying philosophical, mathematical and geometrical principles from which
muqarnas were originally created.
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3: Mathematics, Computing & Architecture
I wish to study how the mathematics/geometry behind muqarnas has
developed over time and how one can use contemporary computing techniques
in order to generate new forms.
I used the third section of chapter two in order to review the work of several
researchers who have been studying the geometry of muqarnas compositions in
recent years. These included Yvonne Dold-Samplonius and Alpay Özdural, both
of whom focused on mathematics; Mohammad Ali Yaghan, Sylvia Harmsen and
Mohammad al-Asad, who focused on computing; and finally, Shiro Takahashi,
George Saliba, Farshid Moussavi and Gülru Necipoğlu, who focused their attention
on the architectural and compositional aspects of muqarnas design.
While each of these studies was enlightening in its own way, I was particularly
fascinated by Necipoğlu’s discussion of the hidden grids, which were frequently
used in order to construct many of the patterns that are prevalent in the art and
architecture of the Islamic world. This discussion greatly contributed to my
understanding of how muqarnas composition corresponds to the Islamic concept of
unity, to which I first refer in the conclusions to chapter one.
Given the subject of my thesis I had been hopeful that the work concerning
computing would be of particular benefit to this study. Both Harmsen and al-Asad
concentrated on the geometry of traditional muqarnas, which greatly contributed
to my understanding of what had come before, but offered few direct clues as to
how one might develop a contemporary version of muqarnas. Yaghan, on the other
hand had attempted to develop new types of muqarnas, however I felt that he had
little success as his compositions were not only limited in terms of diversity of units
(he used just one repeated unit), but also in terms of the shapes to which they were
applied.
The work of the mathematicians was also limited to the study of traditional
muqarnas, however it was nevertheless beneficial to this study. Both Özdural
and Dold-Samplonius, spent a lot of time analysing the work of al-Kashi, which
was useful as it is difficult to understand the ancient mathematicians original
text. However, while Dold-Samplonius’ explanation of the mathematics behind
traditional muqarnas composition was extremely helpful, there was one paragraph
from her discussion regarding the origins of muqarnas that I found particularly
interesting:
The essential function of the muqarnas is ornamental. It was widely used as a
cornice to adorn the edges and disguise the joints of an architectural structure.
Most of all, it was closely connected with the transition zone of domes
especially where the squinch was adopted as transitional device.82
As a mathematician, Dold-Samplonius was clearly more interested in mathematics
than she was in building construction. However, reading this paragraph as an
architect, I was drawn to the phrase concerning disguising ‘the joints of an
architectural structure.’ Having worked for several years as an architect, I am all

82. Dold-Samplonius, Y. Practical Arabic
Mathematics: Measuring the Muqarnas
by el-Kashi, 200
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too familiar with that fact that detailing such joints in an elegant and efficient way is
one of the most difficult and unappreciated skills in the profession.
Until the early part of the twentieth century, architects and artisans detailing
such joints would tend to add elements in order to mask them. As such, these
details tended to be quite ornate in appearance. Modernist architects, however,
developed a taste for minimalist details. Unfortunately, minimalist details tend to
be far more difficult to achieve (and consequently more expensive) than traditional
ones. Essentially, they often employ complex solutions in order to achieve an
aesthetic of simplicity. In practical terms, ‘less is more’ often translates to ‘less is
actually more complicated’.
There is an argument then that by using ornamental details in order to ‘hide’
joints, one is being no more ‘dishonest’ than by using complicated details in order
to ‘minimise’ them. With regard to the use of muqarnas, they were employed to
create a ‘unity’ within buildings, to create a transition between the vertical, the
curved, and the horizontal. Is this sense of ‘unity’, of creating continuous flowing
spaces really any different to what modernist architects tried to achieve with openplan designs such as Mies van der Rohe’s Barcelona Pavilion? Furthermore, are
there not similarities between the ‘unifying’ style of the art and architecture of the
Islamic world and that of the ‘International Style’?
Certainly, the concepts of ‘unity’ and ‘continuous space’ are alive and well in
contemporary architectural discourse. UN Studio have built several projects based
on mathematical models of continuous space including the Möbius house and the
Arnhem Transferhal, which are based on the Möbius strip and the Klein surface
respectively. Meanwhile offices like Zaha Hadid continue to experiment with
buildings where the boundaries between the various parts of the building (floor, walls
and ceilings) are continually blurred. Is it not therefore the next logical step, that we
re-evaluate the use of ornamental details such as muqarnas in order to achieve this
aesthetic? Is it therefore not time to develop muqarnas so that they can adapt to
contemporary (free-form) surfaces as well as to traditional shapes (i.e. domes)?

4: Computer Aided Design and Manufacturing
I wish to study how muqarnas have been manufactured throughout history and
to explore how they may be manufactured in future. I also intend to investigate
how they might be developed to perform structurally and environmentally.
In the fourth section of chapter two I explored recent developments in Computer
Aided Design and Computer Aided Manufacture that might be utilised in order
to design and build contemporary muqarnas. As such, I looked into parametric
design tools, such as Grasshopper, as well as analytical tools such as Ecotect and
Karamba, which can be used to design, develop and test the environmental and
structural performance of virtual models. I also investigated several automated
fabrication techniques, including Computer Numerical Control (CNC), 3D Printing
and Multi-Point Forming (MPF), each of which might be used in the fabrication of
contemporary muqarnas.
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As we saw in the second section of chapter two, several researchers have already
developed software that allows users to easily build virtual models of traditional
muqarnas, allowing them to either create reproductions of existing (or previously
existing compositions), or to create entirely new compositions (albeit based on
traditional geometries). Furthermore, since 2005 a team of developers, modellers, and
archaeologists have been building a virtual model of Palmyra, large parts of which were
destroyed by ISIS in 2015. One hopes that this valuable exercise will be extended to
other sites across the Islamic world, where historic buildings have also been destroyed.
Whether or not these structures will ever be rebuilt in their physical form remains
unknown. With regard to Syria, the government clearly have more pressing
concerns at this particular moment in time. However, the Syrian government is also
acutely aware that tourism has the potential to provide the country with a major
source of revenue in coming years, and as such they may recognise the value of
reconstructing some of these lost buildings. There is certainly precedent for this
with entire towns and cities, including Dresden, Warsaw and Mostar having been
rebuilt following their destruction.
Given recent advances in Computer Aided Design the task of building virtual models
of these lost structures has been made far easier. However, there also exists
enormous potential to use Computer Aided manufacturing techniques to rebuild
some of these structures. Given the fact that there are so few people with the
skills to build muqarnas in a traditional manner, using traditional materials, it may
make economic sense to utilise not only modern manufacturing techniques, but
also modern materials. It is worth noting that much of the recent work on Gaudi’s
Sagrada Familia has made use of digital techniques:
Today, materials are applied using techniques offered by modern construction
technology. Stone is cut using computer controlled systems, as are the wooden
or metal, even polyester, fibreglass or polystyrene, frames and shuttering used
for reinforced concrete.
Finally, mention must be made of present-day ancillary equipment (metal
scaffolding, tall, powerful cranes, and computer-aided redesigning systems)
which have become indispensable tools for carrying out construction with
precision and efficiency, as well as the procedure of pre-mounting large stone
pieces, frames or shuttering on a large site on the outskirts of Barcelona.83
An alternative argument however, is that it is not only important to revive traditional
art-forms like muqarnas, but that it is also important to revive the whole act of human
creation that goes with it. In section one of chapter two I quoted Marwa al-Sabouni,
who when asked about the rise of automation, replied that ‘people will remain and
they will not just stand still and be pushed into the periphery of a city in service to
a robot-controlling elite.’84 The fact is that unemployment in Syria was high even
before the fighting began. Although the reconstruction of the country will create
employment opportunities, Syria, like any other country will eventually be forced
to deal with the implications of an increasingly automated workforce. A revival of
muqarnas and other related art-forms may be provide one way of filling this void.

83. Sagradafamilia.
org. “Techniques
and Materials”,

84. Yusuf, C. Skin
Deep meets Marwa
al-Sabouni,
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introduction
INTRODUCTION
This chapter explores muqarnas as architectural features and the possibility of
their being implemented within modern architecture. It is my desire to push the
evolutionary process of the design of this traditional form by examining the inherent
design limitations of muqarnas, and to subsequently undertake geometrical
computational processes with the aim of overcoming these limitations to enhance
their functional potential.
As was mentioned in Chapter 1, muqarnas forms are culturally very important in
the history of Islamic architecture. They are spread across the entire Islamic world
in many different styles. My research, however, is limited to the design of muqarnas
in Damascus.
In the twenty-first century, digital technologies are now vital for many aspects of life,
to provide enhanced rates of social and economic development. In architecture,
however, they are only just beginning to become popular with architects,
architectural offices, institutions and schools. Later this century it is certain that
digital technologies will greatly help to enhance innovations within architecture and
the built environment.
I have developed an original computational methodology for creating muqarnas
shells by assembling new designs of muqarnas units using contemporary design
methods. My research differs from previous modern studies relating to muqarnas
in that it is not only focused on examining and better understanding traditional
muqarnas forms but also on attempting to find a method of designing them in a
contemporary style using computational techniques.
In this chapter, computer tools and specific software, such as Rhinoceros and
Grasshopper, are shown to aid the design process. They depict the process of
reviving muqarnas by creating modern shells, with the use of new unit designs
and new compositional techniques. Knowledge of material behaviours and
structural systems is required in this research, as well as an understanding of spatial
organisation, cultural implications and muqarnas as geometry.
I was part of the Zaha Hadid Architects (ZHA) team that designed the Visigoth
Museum in Toledo in 2012. The vernacular architecture of Toledo (Andalusian
Islamic architecture) was examined in detail and provided the basis for the modern
architectural scenario of the museum. The design proposal was performative as
well as efficient, as it served both economic and aesthetic objectives. A tailored
computational tool-kit was generated by encoding geometrical features to create
a group of shells that consisted of different elements, such as columns, arches and
domes. These shells were contemporary versions of vernacular forms, with varying
spans that housed a range of spatial and cultural functions.
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Fig 3.1
The interior courtyard of the
Umayyad Mosque,
Damascus, 2015.
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The aim of the computational tool-kit was to achieve a design with a balance
between innovative appearance and economy of means and effort. The tools
used enabled a geometric construction to be built by applying a combination of
architectural and structural languages. In my opinion, the ZHA project pushed the
boundaries of economical innovation, environmental concerns and other logistical
aspects of construction, and it has greatly influenced the way I want to conduct my
research into the innovative use of muqarnas in the twenty-first century.
The project, of reviving traditional vaults in order to enable new and modern
functions using computational tools, closely resonates with the methodology of this
thesis of reviving traditional muqarnas vaults using computational techniques to
include additional functions that were not previously possible.
Through computational design I aim to examine the possibility of evolving
traditional muqarnas in Damascus into contemporary forms, and also investigate
the possibility of generating hyperbolic paraboloid shells with a diamond-shaped
projection. Straight beams that form a saddle roof would generate these shells,
which would therefore have a double-curvature surface.
In the first section of this chapter I begin by performing a series of geometrical
experiments on the Dome of the Eagle of the Umayyad Mosque, an existing domed
structure in central Damascus. The purpose of these experiments is to develop an
understanding of how computational tools can be used to model traditional forms
of muqarnas within traditional volumes.
In the second section I continue this research with a series of three design studies,
which I use to develop an understanding of how computational tools can be used
to design contemporary muqarnas for contemporary forms. I also investigate the
potential for these muqarnas to act both structurally and environmentally.
In the third section I present my principal design, a Hammam and Spa complex
located in the Bab Tuma district of Old city of Damascus. The design draws from
the lessons that I learned through the course of this thesis and builds on the design
studies that I developed in the previous section.
In the fourth and final section I examine how my principal design might be
constructed and I document the fabrication process of my physical mock-ups.
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3.1

PRE-DESIGN

The aim of the pre-design was to focus on, and enhance, my understanding of
traditional muqarnas before creating contemporary versions of the form. As such,
I chose to select an existing traditional structure and use it to perform a series of
geometrical experiments. By experimenting with a real-life scenario, I hoped to
gain further insight into the methods used for creating a traditional muqarnas,
together with their inherited rules and limitations. Furthermore, I hoped to develop
an understanding of how contemporary computational techniques could be used
to create traditional muqarnas on a historical form. For this purpose, I chose the
Dome of the Eagle of the Umayyad Mosque in Damascus.

The Umayyad Mosque
The Umayyad Mosque, also known as the Grand Mosque of Damascus, is one of the
largest and oldest mosques in the world. Completed in AD 715 during the Umayyad
dynasty, it has since exerted a profound influence on Islamic architectural design.
(See Fig 3.1)
The mosque is situated on a site that was formerly occupied by the Temple of
Hadad, during the Aramaic era, and subsequently by the Temple of Jupiter, during
the Roman era. Following the Christianisation of the Roman Empire the site was
developed as a Byzantine cathedral dedicated to John the Baptist. After the fall of
Damascus to Muslim Arab forces in 634, a large number of the city’s inhabitants
converted to Islam, however a significant number continued to worship as
Christians. Consequently, the cathedral became a place of worship for Christians
and Muslims alike, and a prayer room was constructed for the latter in the building’s
south-eastern corner.
1. Al-Rehawi, A. Damascus: Its heritage
and its Historical
Landmarks, 61

The two sets of worshippers peacefully cohabited for more than half-a century until
the sixth Umayyad caliph, al-Walid I (r. 705–715), commissioned the construction of
a new mosque to replace the existing cathedral. In order to placate the displaced
Christian worshippers, al-Walid decreed that all of the remaining confiscated
churches in Damascus would be returned, such as Mariamite Cathedral of
Damascus. Construction of the new mosque began in AD 706 and was completed
nine years later.1

2. Al-Rehawi, A.
Damascus: Its heritage and its Historical
Landmarks, 113

Damascus served as the capital of the Umayyad Dynasty between AD 661 and
AD 744 and during this time the city was very much at the epicentre of the birth
of Islamic-Arabic art. With the building of the Umayyad Mosque a new design
typology was created and it would serve as the prototype for a great many later
mosques.2 In constructing the mosque, its Arabian patrons depended on many of
the same design principles and methods of their Byzantine predecessors, such as
building columns with Corinthian crowns and arches, and the use of arcades, ceiling
trusses and mosaics to decorate the walls.
According to Ibn al-Faqih, the 10th century Persian historian, the building was
constructed by a workforce of approximately twelve-thousand people that included
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Fig 3.2
A digital
model showing the
Umayyad Mosque
with a plan of the
surrounding buildings for context.

Coptic craftsmen as well as Persian, Indian, Greek and Moroccan laborers. As legend
has it, a box containing what was thought to be the head of John the Baptist was
uncovered during construction. Al-Faqih reports that al-Walid ordered the head to
be buried beneath a specific pillar ‘that was later inlaid with marble’. The design
of mosque also featured a number of Byzantine mosaics depicting ‘landscapes and
buildings in a characteristic late Roman style’, many of which still survive today.
Over the years the mosque has been exposed to a series of dramatic events and
disasters, including several fires and earthquakes. Partly as a consequence, the
mosque has experienced a large number of repairs, renovations and additions over
its long history. These occurred most recently during the 1980s and in the early
1990s during the presidency of Hafez al-Assad. Although the building has largely
survived the horrors of the Syrian Civil War, the courtyard of the mosque received
several bombs and civilians lost their lives. Fortunately, I was able to visit the
mosque in 2015 and I was able to extensively document the Dome of the Eagle,
which would form the basis of this pre-design exercise.
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Fig 3.3
Looking up
at the interior of the
Dome of the Eagle of
the Umayyad
Mosque.
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The Dome of the Eagle
The historical form chosen for the application of the muqarnas was the Dome of
the Eagle of the Umayyad Mosque or, as it is called in Arabic, Qubbat Al-Nisr. The
Dome of the Eagle is situated at the centre of the Umayyad Mosque prayer hall,
and rests on four great pillars above the transept. The Arab historian Ibn Jubayr
(1145–1217)3 wrote that whoever looks at this dome from a certain distance has
the impression of seeing an eagle, the head of which is formed by the cupola, the
body by the prayer hall, and the wings by the walls on its right and left and it is this
resemblance that has given the dome its name.
The dome is not however an original feature of the mosque. The original wooden
structure was destroyed by a fire and replaced with a stone structure in 1893,
during the late-Ottoman era. This structure still survives today and is comprised of
three main parts: the square base, the octagonal drum and the circular dome.
The square base of the dome features four pairs of columns. The four outer columns
carry the transept, while the four internal ones carry the dome. ‘The structural
system carrying the body of the dome is separate from that carrying the roof of the
transept’.4 The height of this structure is twice the length of the side of the square
base of the dome.
The drum ‘rises above the base of the dome, with a height equal to the length of
the side of the square base. It is divided into two equal parts, upper and lower.'5
There is an octagonal balcony in the middle, highlighted by a balustrade. (See Fig
3.3)
Within the body of the drum there is an apparent shape transition; the lower part
is square and is a continuation of the square base, while the upper part of the drum
is octagonal, rising from the middle where the balcony is located and continuing
to the lower edge of the dome. The transition between the lower square and the
upper octagon is made by four squinches, one in each of the square’s four corners.
The upper part of the drum rises from the balcony in an octagonal shape, and has a
pair of windows on either side, each of which features a gothic style pointed arch.
Close to the top of the upper part of the drum, and above the windows, arches
start to form. Together, these arches form eight pendentives. Transitions start to
occur from the octagonal to the circular shape of the dome, as if the body of the
dome were an extension of the upper part of the drum with its circular shape. ‘The
top of the drum is defined by a stone cornice that protrudes inwards by nearly 70
cm and outwards by nearly 90 cm. Its plan is circular from the inside, and octagonal
from the outside’ 5.

3. Ibn Jubayr
was a geographer,
traveller and poet
from al-Andalus
(now Spain). His
travelogue describes
the pilgrimage he
made to Mecca from
1183 to 1185 in the
years preceding the
Third Crusade. His
chronicle describes
Saladin’s domains in
Egypt and the Levant,
which he passed
through on his way
to Mecca.
4. Akili, T. The
Great Mosque of Damascus: From Roman
Temple to Monument of Islam, 133

5. Akili, T. The Great
Mosque of Damascus: From Roman
Temple to Monument of Islam, 135

The height of the body of the dome is ‘equal to half the side of the square base. The
dome from the inside has the shape of a hemisphere; but from the outside it has
the form of an ogee’6. There are eight windows, centred above each of the sides of
the octagon.
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Fig 3.4
The interior
of the Dome of the
Eagle, showing the
octagonal balcony.
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Application of Traditional Muqarnas to the Dome of the Eagle
As we learned in chapter one, a large proportion of muqarnas designs are nonstructural. Furthermore, there exist a significant number of well-known muqarnas
designs that were applied to pre-existing structures many years, and in some case
centuries, after their host structures were completed. Amongst the best known
examples of these applied muqarnas are those found on the four iwans of The
Great Mosque or Masjid-e Jameh of Isfahan (Iran).
Over the following pages I describe three geometric tests that I performed on a
three-dimensional computer model of the aforementioned Dome of the Eagle. The
purpose of these tests was not to propose an alternate design for the dome (it is
after all important to preserve historic and cultural identity of significant works
of architecture). Instead, the purpose was to investigate how different types of
muqarnas design might be applied to a traditional volume using digital devices.
Rather than choosing a simple generic dome, such as a simple Hemispherical,
Pointed or Segmented one, that would have in turn generated a relatively simple
muqarnas design, I felt that it was important to choose a more challenging
geometric form. As such, the Dome of the Eagle represented a logical choice as not
only does it feature three distinct sections (a base, a drum and a dome), but it also
features several windows.
Following on from my case studies of Damascene muqarnas (see chapter one) I
decided to base my studies on muqarnas designs dating from three distinct periods
of Islamic architectural history: the Zengid, the Mamluk, and the Ottoman.

Fig 3.5
One of the
drum squinches in the
interior of the Dome
of the Eagle.
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Dwg 3.1 A section
of the Dome of the
Eagle after applying
the Zengid era muqarnas.
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Iteration-A:  Application of Zengid Era Muqarnas to the Dome of the Eagle
For the first experiment (Iteration-A) I chose to project the plan of the muqarnas
dome of the Madrasa al-Nuriyya al-Kubra AD 1167 (Zengid era) on to the Dome of
the Eagle. It was my hope that the resulting muqarnas would be able to achieve
a convincing transition between the three principal shapes of the structure: the
square of the room, the octagon of the drum and the hemisphere of the dome itself.
This was more or less achieved and the design can be seen to closely correlate with
the shape of the transitions in the Dome of the Eagle.
The traditional muqarnas of al-Nuriyya al-Kubra comprises twelve tiers. The
proposed muqarnas composition had the same number of tiers; however, the
height of each tier was increased to fit the dome. Also, due to the fact that the
Dome of the Eagle is much bigger than the dome of the Madrasa al-Nuriyya alKubra, the size of the plan was scaled up accordingly.
It was concluded that by utilising both the same projection plan as well as the same
unit design, there would be no significant differences between the appearance of
the original composition (of Madrasa al-Nuriyya al-Kubra) and the composition that
was generated using the three-dimensional geometry of the Dome of the Eagle as
an alternate host. (See Fig 3.5, Fig 3.6, and Fig 3.7)

307

chapter three
Dwg 3.2 Applying
the muqarnas of
Madrasa al-Nuriyya
al-Kubra inside the
Dome of the Eagle.
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Dwg 3.3 Applying
the muqarnas of
Madrasa al-Nuriyya
al-Kubra inside the
Dome of the Eagle.
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Dwg 3.4 The section
of the Dome of the
Eagle after applying
the Ayyubid era muqarnas.

310

section 3.1
Iteration-B:  Application of Ayyubid Era Muqarnas to the Dome of the Eagle
For the second experiment (iteration-B) I chose to project the plan of the muqarnas
portal of the eastern entrance of the citadel (AD 1214) on to the Dome of the Eagle.
The traditional muqarnas of the citadel's eastern entrance comprises four tiers,
the proposed muqarnas composition had the same number of tiers; however, the
height of each tier had to be increased in order to fit the dome of the Eagle.
The result is very similar to the previous study of iteration A. There is no
significant differences between the proposed muqarnas in the dome of the eagle
and the original and traditional one in the citadel. However, this study provide a
confirmation that using digital tools will allow future generation to accurately be
able to document such features, in case of demolition or decline, and the need to
rebuild the old architecture again.

Dwg 3.5 Applying
the muqarnas of the
citadel's
eastern
entrance inside the
Dome of the Eagle.

Dwg 3.6 Applying
the muqarnas of the
citadel's
eastern
entrance inside the
Dome of the Eagle.
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Dwg 3.7 The section
of the Dome of the
Eagle after applying
the traditional muqarnas from above the
entrance of al-Madrasa al-Zahiriyah.
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Iteration-C:  Application of Mamluk Era Muqarnas to the Dome of the Eagle
The second experiment (Iteration-C) was inspired by the muqarnas of the Mamluk
era design that belongs to the al-Madrasa al-Zahiriyah, a school and mausoleum
that dates from AD 1281. The muqarnas that was generated in this experiment
was the most surprising of the three test results. It spiralled to become a complex,
multi-tiered muqarnas form.
The original projection of the muqarnas comprised only five tiers, including the top
cupola. However, when this traditional composition was digitally transposed on to
the Dome of the Eagle, the resulting composition formed a muqarnas comprised of
at least twenty tiers.
The original shape of the plan was a rectangle (al-Madrasa al-Zahiriyah) as the
traditional muqarnas was forming a portal over the entrance of the school, but
now the units were applied to a different geometric shape of a circle (the Dome of
the Eagle), which meant that when these units were applied, a different muqarnas
construction took shape. Also, the applied units in the Dome of the Eagle had to
cover much larger amount of space when compared to the portal of al-Madrasa alZahiriyah, that meant producing much more than five tiers. For these two reasons,
the traditional units of al-Madrasa al-Zahiriyah created a completely new and
unique muqarnas when applied to the Dome of the Eagle.
As an architect, I decided that preparing a plan of the dome with the muqarnas
units would be my first step, and that it would be a circular plan of the dome
occupied by only three layers of muqarnas units. The original plan of the muqarnas
covering the portal of al-Madrasa al-Zahiriyah was a rectangular shape, where the
tiers started from a rectangular shape on the lower part of the portal and changed
to a circular shape on the higher part of the portal, topping the transition of the
muqarnas units with a small cupola with a semicircular plan.
The second step was to model these units in a three-dimensional digital
environment, using Rhinoceros 3D. The modular units were taken from the study of
al-Madrasa al-Zahiriyah (see Chapter 1) and were applied to the interior surface of
the Dome of the Eagle. The next step was to focus on the section of the proposed
muqarnas. The original section comprised five tiers and it was found necessary
to add more layers, both upwards towards the top of the dome and downwards
towards the base of the dome. It was found that the scale of the muqarnas units
from al-Madrasa al-Zahiriyah was large, which meant that only one option became
suitable. That was to increase the height of the layers and to adjust the height of
each tier in such a way that the muqarnas form was able to cover the interior of the
dome. (See Dwg 3.8)
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Dwg 3.8 Applying
the traditional muqarnas
above
the
entrance of al-Madrasa al-Zahiriyah, a
school and mausoleum, to the interior
of the Dome of the
Eagle.al-Kubra.

The aim of this attempt was to create a smooth transition from square to circle.
The result was outstanding with regard to the proposed muqarnas form, due to
the fact that traditional muqarnas units were used; however they were applied to
a completely different plan to that of the original, which made a transformation
between only two shapes (a square and a circle), while the new proposed vault
made a transformation between three geometric shapes (a square, an octagon and
a circle). The exercise also served the purpose of increasing my understanding of
the process of composing a traditional muqarnas.
The top ten tiers were a repetition of a modular unit of the makook that was
used in the original muqarnas on the portal (the second tier from the top); these
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Dwg 3.9 Applying
the traditional muqarnas
above
the
entrance of al-Madrasa al-Zahiriyah, a
school and mausoleum, to the interior
of the Dome of the
Eagle.al-Kubra.

layers were topped with a large cupola. The first nine layers reflected alternating
arrangements of a few units, the same that were used in the original muqarnas
composition (the lower two tiers).
The units were also applied to a different section of a traditional vault, which helped
to push the process of invention in the right direction to create a completely new
muqarnas composition, very different from the original composition. It consisted of
multiple layers of muqarnas units, and in each tier there was a repetition of more
than 40 units; this new composition provided transitions between three shapes (a
square, an octagon, and a circle, rather than merely two shapes, (a square and a
circle). (See Dwg 3.8 and Fig 3.10)
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Dwg 3.10 The
section of the Dome
of the Eagle with
the
traditional
muqarnas units of
the mihrab in the
Umayyad Mosque.
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Iteration-D:  Application of Ottoman Era Muqarnas to the Dome of the Eagle
For the third and final experiment (Iteration-D) I used the muqarnas composition
of the Ottoman era mihrab, which was added to the Umayyad Mosque in AD 1893.
As in the two previous examples, I remodelled the original design to adapt to the
geometry of the Dome of the Eagle.
Given that the plan of the original consists of seven tiers in the shape of a semicircle,
I reflected it in order to form a complete circle. In transposing the new (circular)
plan onto the Dome of the Eagle, I was forced to increase the height of each
tier. The result was a muqarnas composition that was very similar to the original
composition.

Dwg 3.11 The
section of the Dome
of the Eagle with
the
traditional
muqarnas units of
the mihrab in the
Umayyad Mosque.
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Conclusions
With Iteration-A, I was able to achieve a smooth transition with the traditional muqarnas
units from the octagon shape of the drum to the circular shape of the dome.
The muqarnas units inspired by those from al-Madrasa al-Zahiriya, (Iteration-C), formed a
lambrequin arch, a type of arch that probably developed from the lobed arch in combination
with the muqarnas between each pair of windows that was smooth and not very deep.
Iteration-C also tried to achieve a transition from a square to an octagon, and finally to the
circular shape of the dome, and it was the most successful of the three attempts.
My fourth attempt, Iteration-D (Umayyad mosque,Ottoman muqarnas), achieved a smooth
transition between the square and octagon shape, however, it could only achieve a separate
transition from square to circle by the addition of muqarnas pendentives in the four corners
of the hall.
When the results of the three attempts were examined, it was found that Iteration-A and
Iteration-D were very similar to the original muqarnas that had inspired them (from alMadrasa al-Nuriyya al-Kubra and the mihrab in the Umayyad Mosque, respectively), while
Iteration-C (inspired by the Mamluk era al-Madrasa al-Zahiriyah) resulted in a completely
new and original muqarnas composition.
These three exercises were a valuable exercise because they provided a deep understanding
of how current craftsmen work on muqarnas by digitally applying traditional muqarnas
units on to traditional forms of vaults or domes. Although original compositions were
created in attempt (b), I still considered this to be an imitation of past compositions because
of the use of both traditional units and forms. With the first and third attempts, a repetition
of the traditional composition occurred by scaling the traditional composition to fit a bigger
or smaller dome.
I concluded that those traditional units are designed originally by the craftsmen in order
to cover those traditional forms only, this methods of application has produced a system
and rules and constraints. One would wonder about applying traditional forms into
contemporary free-form surface, in which I believe this attempt will not be successful,
because those units will not be able to adapt to the new non-uniform and unconventional
surface. There is a system that governs the application of those traditional units into the
traditional forms, and this system will lose one of its main criteria if one of those inputs
changes.
Also through those three exercises, I learned more about characteristics of the traditional
muqarnas units, they change in shapes and heights in order to adapt to the form applied
to. The heights of the traditional units change from the bottom tier of the dome into the
top tier.
This understanding and outcome (of this exercise) was necessary for the next step in this
research, which is to explore and design new units that might serve environmental or
structural functions, or applying muqarnas units to free-form surfaces or modern vaults
rather than just traditional forms to match the creative innovation that the muqarnas
field has been missing since the early nineteenth century. This is explored in the following
section where the main project is discussed.
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3.2

DESIGN STUDIES

In this section I investigate the abstract mathematical constructions of different
surface topologies of muqarnas, together with their rich tectonic and ornamental
tradition of Islamic patterns, especially with regard to their three-dimensional form,
in order to create contemporary spatial scenarios of muqarnas vaults.
I describe a series of three projects that I have developed that delineate
contemporary architectural forms which incorporate muqarnas: a tourist info
pavilion, a council of representative building, and a modern hammam spa complex.
The new forms that I have created are both environmentally performative and
structurally self-supporting. In creating these forms, I have studied and used the
mathematical rules behind traditional muqarnas compositions and have made use
of both environmental and structural software.
The challenge with regard to these projects was to preserve the architectural
individuality of these new forms of muqarnas when using new technologies and
materials.
As ornamentation, traditional muqarnas have several drawbacks that need to be
challenged in order to develop them further in contemporary design. These include
structural constraints (muqarnas are mostly dropped from the ceiling and do not
support themselves); constructional constraints (because the construction process
starts from the lowest point of the vault); and morphological constraints (the
muqarnas have horizontal layers).
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Render 3.1 Tourist
pavilion formed of
two-dimensional star
patterns in the
Umayyad Mosque
plaza.

Design Study 1: Tourist Information Pavilion: Umayyad Mosque Plaza
The main purpose of this design exercise was to analyse a free-form surface both
structurally and environmentally, and to examine its geometric application. Freeform surfaces play an increasingly important role in contemporary architecture, and
in the early stages of this thesis the aim was to advance traditional muqarnas into a
contemporary mode by enabling them to be applied to free-form shapes.
For the first design study I chose to design a tourist information pavilion at the
Umayyad Mosque Plaza (al-Maskiya Plaza) in the old town of central Damascus.
I chose this particular location to ensure that the building would be exposed
to different events occurring at the same time on the site, such as commercial,
religious and tourist activities, and that the design could accommodate these
various social happenings. The aim was to advance the design of a pavilion that
would serve a number of performative functions, such as providing shade for
tourists during the hot hours of the day throughout summer and spring, and being
structurally self-supporting.

Digital Process
While conducting this study, I was able to create a digital process that connects
environmental and structural fields by linking together several computational
softwares, including Grasshopper (an algorithmic and visual programming language
embedded within Rhinoceros software), Autodesk Ecotect (a sustainable building
design software), Kangaroo (a plug-in for Grasshopper in order to participate in a
virtual form finding process, as it embeds Physical behaviour directly within your
Rhino3d Modelling environment) and Karamba (an interactive structural analysis
program integrated within Grasshopper).
This process was able to create a free-form surface and analyse the curvature of
a non-uniform surface, detect its vertices, and apply a pattern component to the
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Render 3.2 A tourist
pavilion formed of
three-dimensional
muqarnas units in
the Umayyad
Mosque plaza..

surface after planarizing it in order to make it structurally self‐stabilising. By using
Ecotect, an environmental evaluation was obtained through colour-coding data.
Throughout the year, the degree of heat and exposure to sunlight on a freeform
surface was observed and analysed. Ecotect takes the analysed environmental
data from the exposed surface back to the design field; subsequently it informs and
affects the design decisions.
The shell tessellation has two-dimensional patterns that will change the size of
their openings according to the sunlight data collected from the Ecotect software.
As a result, The holes in the two-dimensional patterns are open to their maximum
extent where Ecotect indicates the shell is least exposed to the sun. Meanwhile
the holes are almost closed when Ecotect indicates the shell is more exposed to
the sun, which will be for most of the year. The patterns have varying degrees of
opening that correspond to the Ecotect data of the sun exposure on the shell at
different times of the year. This design project has resulted in a unique, ecologically
friendly and free-standing form.
The outcome of this design exercise resulted in two different iterations for a pavilion
structure. The first iteration was a pavilion constructed with a two-dimensional
pattern: the star pattern. A computational definition was used on the original star
pattern that resulted in a matrix of star patterns with variations.
For the second iteration, a pavilion constructed with a three-dimensional units that
populated a free-form vault.
For both iterations, in the computational environment of Grasshopper, five clusters
of computational components were incorporated. These were: curvature analysis,
pattern structure, planarizing, Kangaroo physics plug-in, and the linked Ecotect
programme.
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Dwg 3.12 Step 1:
the surface before
being affected by
the free-form engine
of Kangaroo and
Grasshopper

Dwg 3.13 Step 2:
the surface after
being affected by
the free-form engine
of Kangaroo and
Grasshopper.

Dwg 3.14 Step 3:
the curvature of the
free-form
surface
being analysed by
Karamba in Grasshopper.
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Iteration 1
This iterations had two main stages, firstly creating the free-form surface using
Kangaroo plug-in as well as analysing the surface structurally , and secondly creating
the computational definition for the star patterns that adapt to this non-uniform
surface.
The first stage consisted of the following steps:
The first step created a planar surface with five anchor points. Second step
generated the free-form shell after having the planner surface affected by the
kangaroo plug-in. Third step analysed the free-form surface by the structural
analysis tool, Karamba. Fourth and final step exposed the surface to the sunlight
data for one year through exposing it to Ecotect evaluation and as result the
freeform surface was colour-coded accordingly.

Dwg 3.15
the
surface
exposed
sunlight
one year.

Step 4:
free-form
being
to
the
data for
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Dwg 3.16 Looking
up at the free-form
surface having been
exposed to Ecotect
evaluation
and
colour-coded
accordingly.

Dwg 3.17 A
perspective view of
the
free-form
surface having been
exposed to Ecotect
evaluation
and
colour-coded
accordingly.
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Dwg 3.18 Another
perspective view of the
free-form
surface,
having been exposed
to Ecotect evaluation
and
colour-coded
accordingly.
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The second stage consisted of the following steps:
As a first step in the computational Grasshopper definition, the original star pattern
was reconstructed by drawing a square grid and then drawing a circle inside each
square of the grid. Each circle touched the centre of the four sides of the square.
This process replicated the traditional method of drawing two-dimensional Islamic
patterns in a digital environment. (See Fig 3.6 & Dwg 3.19)
The second step involved constructing a diamond-shaped polygon within each
square, with the four corners of the polygon located in the middle of the four sides
of the square, exactly where the circle touched the sides of the square.
Fig 3.6
The
Grasshopper definition, together with
its clusters of structural, environmental
and geometric definitions.

Dwg 3.19 Analysing
the main grid of the
traditional pattern.
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The third step constructed the diagonals of the square.
The fourth step identified a point in the middle of the diamond-shaped polygon
(mentioned in the second step), at the intersection between the diagonals of
the square and the polygon’s four sides. The intersection resulted in four points.
Adding them provided flexibility in the pattern design, as it gave it the ability to
morph from a square into a diamond and then into a star shape. This was achieved
by changing the value of the slider number in the Grasshopper program.
The fifth step connected these eight points, four points being in the middle of
the square sides and the other four being the flexible points within the square
diagonals. As a result the star pattern was created. (Dwg 3.20)
Looking at the pattern at this stage, an alternation between two geometric shapes
was perceived: that is, the star (with the intersection points located inside the
boundary of the diamond polygon) and octagon shapes (with the intersection
points located outside the boundary of the diamond polygon) that were created in
between four-pointed star patterns.
In order to create stars that altered, the octagon shape was modified and the
four flexible points (which are points 2-4-6-8 of the octagon) were changed to
move inwards in order to create the same star. The result was a square grid of
star patterns. When looking at the grid, however, it appears that there are two
geometric shapes, that is, an octagon and star pattern, but when critically observing
the pattern it may be perceived that there is only one geometric shape: the star
pattern, which is constantly repeated.

Dwg 3.20 Extracting
the data and parameters to enter them
into the algorithmic
modeling software.
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Dwg 3.21 Comparison between the one
possibility of the
traditional pattern...

Dwg 3.22 ...and the
many possible variations after entering
the
data
and
constructing
this
pattern using the
digital environment
of algorithmic software.
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My research aimed to prove that the digital environment can add another dimension
when using these two-dimensional traditional Islamic patterns. By producing the
star-pattern grid, two variables were introduced, namely, a small octagon and a main
star, and manipulating them resulted in a matrix of a variety of patterns. These two
variables were given different values, and as a result a new pattern was created each
time. The octagon variable was given a different value from 1.0 to 5.0, while the main
star variable was given a different value from 0.1 to 0.8. (See Dwg 3.21 & Dwg 3.22)
Traditionally, drawing the star patterns was performed by hand, with the use of a
ruler and compasses, and this generated a maximum of three to four possibilities;
producing them digitally, however, resulted in endless variations. Another advantage
was found in being able to apply these patterns to a freeform surface or modern
vaulting scenario rather than to traditional forms of, for example, domes and vaults.
The morphology of the first design, that of the two-dimensional, star-patterned
pavilion, proved to be an easy challenge and provided some feedback for the
subsequent design process. The shell tessellation design experiment proved to be
a dead end, as it was difficult to pursue the three-dimensional characteristic of the
muqarnas within the tessellation. As It is well-known through the first chapter that
a main character of the muqarnas that they are composed of three-dimensional
units. However, in this exercise the focus was on digitally creating free-form using
Kangaroo plug-in in Grasshopper, and experimenting with the environmental
analysis tool, Ecotect. Then taking those results as an input into Iteration 2, where
an investigation of the geometric qualities of the muqarnas would start. Also,
experimenting with the two-dimensional geometrical pattern served as a first step
of understanding the two-dimensional base of muqarnas units applied to a surface.
Subsequently, what I took from this exercise was that I could utilise the same
computational definition of the first design iteration to create a second pavilion
(iteration 2) comprising three-dimensional muqarnas units and investigate the
geometric qualities of the muqarnas, such as the shapes of the units that comprise
this form as well as the packed layers of units and their height, together with the
way they were packed to articulate a surface. (Render 3.3)

Render 3.3 Iteration
1: A tourist pavilion
formed of
two-dimensional
star patterns.
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Render 3.5 Iteration 2: Tourist pavilion formed of three-dimensional muqarnas units.

Render 3.4 A
pavilion formed of
three-dimensional
units, where a
transition from
square into a circle
is noticeable.
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Iteration 2
The second iteration of the design employed two of the main characteristics of
muqarnas design: standardisation and repetition of units. By limiting the number
of unit types, I would be able to increase the potential for mass-production of
standardised elements, which could easily be reproduced by local craftsmen, rather
than relying on potentially expensive CAM techniques. (See Render 3.4)
The computational work-flow of the second iteration exercise was as follows:
Firstly, I designed a single modular muqarnas unit with a square shaft and a nichelike curvature engraved within it. This unit was based upon those from the Zengid
and Ayyubid periods that had been used in the Bimaristan Nur al-Din and the
Eastern Gate of the Damascus Citadel respectively.
Secondly, I used Grasshopper to populate a free-form surface with the
aforementioned unit. Each unit changes its rotation within each tier in order to
convey the curvature of the form. The free-form surface has a voxel matrix of ‘x’
and ‘y’ pixels.
To conclude, each unit is placed in the centre of each pixel of this voxel surface.
The units are therefore individual, independent units that are neither placed next to
each other nor relative to other units and/or pixels.
This experiment was only partly successful, as one of the defining features of
traditional muqarnas unit composition is based on each being arranged relative
to the next unit. In each tier the units failed to connect to each other, and the
tiers themselves also failed to connect with each other. This was because the
computational definition was very basic and only replaced the centre of each face
of the surface with a unit. In addition there was no intermediate unit to act as a
connector between the main units, which would have allowed them to act together
structurally. Furthermore the height of each layer was also the same, whereas it
could potentially have changed in order to adapt to the curvature of the dome. (See
Render 3.5)
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Render 3.6 Iteration
2: Detail of the
tourist pavilion.

Render 3.7 Iteration
2: Detail of the
tourist pavilion.
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Conclusions
To conclude, in iteration 2, the design was more successful than iteration 1, as
from an aesthetic perspective this pavilion is composed of three-dimensional units,
meanwhile iteration 1 was only surface tessellation.
I found it interesting to see the units in the second iteration forming an
independent, free-form vault. The structure also produced interesting patterns of
light and shadow, not just on its outer surface, but also on the ground beneath and
this area has the potential to act as a place of rest for tourists.
The outcome of this design process (both iterations) provided useful feedback; from
iteration 1, I learned how to create free-form using Kangaroo, and how to analyse
it environmentally using Ecotect. Meanwhile, from iteration 2, I learned how to
populate a free-form vault with three-dimensional units, however, structurally
it was not successful as the units were not connected together entirely. Those
outcomes I used in the following design exercise.
As we have seen, only a limited number of existing muqarnas compositions (such
as the Bimaristan Nur al-Din in Damascus) are both structural and freestanding
and this has the potential to be an area where contemporary muqarnas design has
room to develop.
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Design Study 2: Council of representatives building
For the second design study it felt appropriate to set myself a more challenging
brief in terms of the building’s function. Inspired by a space known as ‘The Hall
Under the Dome’ , which forms part of the Council of representative building (built
in 1945) and hosts weekly public meetings, I decided to design a space that would
perform a similar function and that would also house a federal council hall for
senators.
The design is comprised of two geometric layers. The external layer is comprised
of two attached vaults formed by planar geometrical patterns (two-dimensional
surface tessellation), while the internal layer is comprised of two separate domes
formed by muqarnas units (three-dimensional units populating a surface). (Render
3.8)
The computational study is explained in detail on the following pages:
Render 3.8 A section
through the two
vaults: The exterior
and interior layers.

Render 3.9 Interior
view of the vault
external layer
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1:

Surface Geometry Study, external layer study

The external layer was articulated with geometric star patterns that were
both structurally and environmentally performative, with various colours and
arrangements of patterns. When changing the arrangement of a single colour, a new
visual composition was created. The computational definition was able to resolve a
few structural challenges arising from the previous exercise (pavilion study) due to
the use of more highly optimised free-form surfaces.
However, I designed two distinctive stars, which both have been analysed through
geometrical computational definition. Each went through several geometric,
structural and environmental investigations before being applied to the connected
vaults on the external skin or shell of the council of representative building.

Dwg 3.23 Computational geometrical
definition of the star
components
in
Grasshopper.
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Star 1
The first option was created by drawing an octagon within a circle, and then
connecting every alternate point of the octagon. This made two squares that
intersected, thereby creating the desired star pattern.
This star went through several iterations. One of them focused on the depth of
the component so that the thickness of the star would respond to the structural
stability. The studies examined different textures and colours on both the front
and back of the star. The star was repeated and arranged in tiers, where each star
was connected to a neighbouring star using one of two different methods, either
by using intermediate geometric shapes, which resulted in a denser shell with
fewer and smaller gaps, or by directly connecting the stars to each other without
intermediate geometric shapes, which resulted in relatively larger gaps in between
the star components. (Render 3.10)

Star 2
For the second option I created the star from a drawing of a hexagon within a circle.
The hexagon intersected the circle with a connection at every alternate point. This
produced two triangles that intersected, thus creating the desired star pattern
that was used in this design experiment. Here, the colour scheme was inspired by
Islamic architecture, with red, yellow and turquoise added to the two sides of the
three-dimensional star. The colours developed the visual illusion further, as they
appeared and disappeared according to the location of the viewer looking at the
applied surface.
I created various colours and textures with each option of the star pattern. When
colour was not used, the focus became the texture; that is that both smooth and
rough surfaces of the patterns were created as star units. In addition, I examined
the relationship between one star and its neighbour, which resulted in various
compositions. (Render 3.8)

Render 3.10 The
external layer with
Star1 of the Council
of representative
building.
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Render 3.11 The
external layer with
Star2 of the Council
of representative
building.
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2:

Geometrical Pattern Study: Internal Layer Study

The internal layer was formed of two separate domes each comprised of muqarnas
units. The interiors of the domes were articulated with a range of units. Four
design options were proposed, with each option employing one unit only (again
using the muqarnas of Bimaristan Nur al-Din as a reference). However, the
computational definition for the muqarnas units had not yet advanced from the
previous experiment with the pavilion. As such, each unit was still neither related
to its neighbour nor relevant to the units above and below. The principal difference
was in the shape of the unit, together with the density of their packing (i.e.
composition density). My research here shows two different muqarnas units for
each dome. Each unit was applied to the dome with four variations of unit density.
It is interesting to note that when observing the final outcome of these different
compositions a variation of a two-dimensional pattern appears.
The internal dome was formed by the repetition of a single unit rather than several
different units. The first option comprised a unit of an engraved cube in a stalactite
(minkhar, or ‘nose’), which had a square on the top of the cube and which met in
a point at the bottom of the cube. The second unit option increased in complexity.
It was inspired by the main modular unit, the mihrab, but had two mihrabs rather
than one. This small change in unit scale provided a major visual difference with
regard to the composition of the muqarnas, which was noticeable from the
perspective of the two-dimensional outline. (Dwg 3.24)
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Dwg 3.24 Internal
layer: variations in
the
density
of
packing components
and the shape of
components.

DENSITY OF COMPONENTS: PACKING OPTION 03 - INTENSE

DENSITY OF COMPONENTS: PACKING OPTION 04 - INTENSE
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3:

Environmental Analysis Study

The technique of linking Grasshopper with Ecotect is set out in the following steps:
In the Grasshopper definition, the first step was to introduce the mesh surface
(exterior shell), and data was fed into the environmental plug-in Ecotect. An
‘insolation calculation’ was then presented, which uses solar radiation levels
(insolation) over either the current analysis grid or objects within the model.
Afterwards, weather data relating to Damascus was introduced into the
computational calculation.
The object was imported from Ecotect into Grasshopper thus introducing the
calculated attributes of the surface for solar and lighting access during the year.
The outcome was a freeform surface that was colour-coded (ranging from yellow to
blue) according to the environmental data. Areas that were most expose to the sun
were represented by yellow patches, while blue patches signified the least exposed
areas.
The geometrical pattern adapted to the environmental data by becoming larger
when the surface area was exposed to the sun in summer months (when coloured
yellow in Ecotect). In winter months, the pattern size shrank to allow more natural
light to enter the domes (when the surface was coloured blue in Ecotect).

Dwg 3.25 The
Grasshopper definition with the environmental
data
analysis
from
Ecotect,
showing
variation in the
shape and size of the
star component.
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Dwg 3.26 The
Grasshopper definition, showing how it
links Ecotect with
insolation
calculations.

4:  Structural Analysis Study
The technique of linking Grasshopper with Karamba is set out in the following steps:
In the Grasshopper definition, the first step was to introduce the base surface of
the exterior shell before feeding its data into Karamba. Subsequently the ‘support’
component was presented by creating supports at given node indices, or node
coordinates, to select translations/rotations that should be zero. Afterwards the
effect of gravity was simulated by applying weight to a downward vector.
Each line was then converted into a beam, with default properties from given lines.
Lines that met at a common point were thus connected.
Then all the given components were assembled. The ‘Assemble Model’ component
in Grasshopper created a finite-element model from given entities (points, beams,
supports, loads and cross-sections). Subsequently the ‘Analyse’ component was
introduced, which calculated the deflections of a given model.
The state of the model was inspected and the ‘Resultant Section Forces’ component
was presented, which retrieved section forces for all the elements. Then pressure
and tension forces were introduced, and this structural data was fed into
Grasshopper. A colour-coded surface was the outcome, with blue relating to the
tension forces, while the red related to the ‘pressure colour’.
The geometrical pattern adapts to the structural data analysis by becoming thicker
in areas exposed to tension forces and thinner in areas exposed to pressure points.
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Dwg 3.27 The
Grasshopper definition with environmental data and
structural analysis:
Ecotect
and
Karamba, showing
star
components’
size and thickness.

Dwg 3.28 The
Grasshopper definition in detail, where
it links the geometry
of the surface to the
structural analysis
of Karamba.
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Conclusion
To conclude, firstly, the external layer was an advancement of the iteration 1 of
the Pavilion in the previous study, were the structural analysis was carried in more
depth. The grasshopper definition was developed more so the thickness of the star
geometrical patterns were varying in responds to the structural analysis (when
exposed to tension forces, it became thicker, while it was thinner when exposed to
pressure forces).
The same environmental analysis, using grasshopper definition, that was applied in
the previous pavilion study was carried out to this design study, and still achieved
good results, in terms of collecting environmental data and reflecting it on the
geometrical patterns’ opening size.
Secondly, the internal layer was another variation of the iteration 2 of the Pavilion
in the previous study. In addition, a different design of the unit was applied on the
internal layer, as well as different density of units were applied and four options
have been created.
However, still the internal layer study did not address how these unites will be
connecting on a neighbour level, and tiers layers, this connection issue needs a
further investigation.
In fact, the surface tessellation study that has been carried out on the external layer
did not achieve the expected results of three-dimensional contemporary muqarnas,
as it is lacking three-dimensional units as well as the vertical layering system, which
might be considered the main character of the traditional muqarnas. Therefore, the
surface tessellation study will be illuminated here, and populating the surface with
the three-dimensional units will be carried out in the next studies.
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Render 3.12 Perspective view of the
exterior of the
muqarnas
hammam.

Dwg 3.29 A triangular
polygon
network used to
create spatial shells
in three dimensions.

344

section 3.2
Design Study 3: Hammam & Spa Facility
Although the studies for the Council of representative building were successful
in uncovering the geometric organisation of muqarnas and in identifying their
distinctive units, they were not able to establish their assembly method. With my
third design study it was my aim to answer the question of how the parametric logic
of muqarnas might operate on a non-uniform surface by testing their structural
and environmental performance, as well as their assembly systems on a more
complicated set of social and cultural scenarios. As such, I decided to introduce
a new design task and, inspired by my visit to see the muqarnas domes of the
hammam in the old city of Damascus, I chose to design a similar facility.

Iteration 1
I designed the first iteration of the Hammam & Spa Facility with the use of the
programming software Processing and Grasshopper to generate the massing of the
shells and to populate the shells with muqarnas units, in conjunction with Rhino and
Maya (see Render 3.12). I took the following steps during the design process:

Step 1
By analysing the site, located next to the old gate of Bab-Tuma district and next to
the canal, a triangular grid was created. Subsequently, by generating triangular
polygons, the spatial shells in three dimensions were generated. Computationally,
the centre of mass (point D) of each polygon was identified as well as the three heads
(point A, B, C) and the mid-points (point 1,2,3) of the three sides of each polygon. In
order to create the shells, points A, B, C, and D were given the same certain height,
meanwhile point 1, 2 and 3, were given height 0. (Dwg 3.29)

Step 2
By generating the shell, I was able to identify the massing of the shell. Cubic
components were packed randomly within the volume of the mesh of the shell. The
packing border was detected by creating a matrix of x, y and z from the bounding
box of this mesh, and then checked to determine whether the cubes inside the
matrix were inside the mesh itself. In processing language, the size of the cube was
suggested as a variable ‘a’. Cubic components were next produced within the volume
of the mesh of the shell. The cubes started to grow within the matrix in a random
direction. The Processing program detected any empty spot, which it would fill with
a cube. The program would keep searching, one step at a time, in order to create a
structural continuity. (Dwg 3.30)

Step 3
Subsequently I concentrated on packing cubic components within a shell and creating
porosity through a certain arrangement of the cubes. The arrangement was that the
cubes filled every other space within the matrix, known as ‘alternate packing’, which
was achieved by including zoning/classification functions in the Processing language.
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Dwg 3.30 Packing
cubic components
within a volumetric
mesh.

Dwg 3.31 Alternate packing of
cubic components
within a volumetric
mesh.

Fig 3.7
3D
printing physical
model
of
the
three-zoned shell:
top view.
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Step 4
Each shell was divided into three zones by connecting the centre of mass of the
triangle mesh to the three vertices of the triangle. Some of the shells had four
sides, in which case the shell was divided into four zones following the same
principle. (Dwg 3.32, Dwg 3.33 & Fig 3.7)

Dwg 3.32 Dividing
each shell into three
zones: top view.

Dwg 3.33 Dividing
each shell into three
zones:
different
perspective views.
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Step 5
The shells were placed on the site. A chosen patch was studied in detail, that is,
three main shells that were triangular, together with two connecting shells that
were rectangular. The main shell had three points that touched the ground (points
1, 2, and 3). The points named A, B, C, and D were points on the shell that were a
certain height from the ground as mentioned previously.
The connecting shell had six points: the two in the middle of the rectangle touched
the ground, while the four points at the four corners of the rectangle were at the
same level as the main triangle shell (that is, at same level as the A, B, C and D
points). The connecting shell was located between two main shells.
Two or more main shells were then connected together, using connecting shells.
The result was a sequence of spatial configurations: for example, two shells together
with one connecting shell. (Dwg 3.34)
Dwg 3.34 A single
shell analysis.

Step 6
6. Refer to the
appendix for more
information about
traditional Hammam
functions.

In the final step, six shells were designed that incorporated the traditional functions
of the hammam6. Those six shells formed two cluster of three shells. A cluster
formed a hammam for women and the other formed a hammam for men. Within
the cluster, the three shells were connected through the connection-shells. Men
Hammam was formed of shell 06, 02 and shell 01, while the women Hammam was
formed of shell 05, 04 and shell 03.
As a function the male part of the hammam works as the follows:
Shell 06 is the barrani; Shell 02 is wastani , and Shell 01 is the jouwani.
Meanwhile, the female part of the hammam works as follows:
Shell 05 is the barrani; Shell 04 is the wastani , and Shell 03 is the jouwani.
The design of each of these shells is described over the following pages:
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Dwg 3.35 The plan
of the composition
of shells on the site.

Dwg 3.36 A plan
showing six selected
shells
from
the
whole composition
on site.

Fig 3.8
Three
main shells with two
connecting shells.
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Shell 1
The first shell consisted of three zones, with each of the three components
applied to one zone of the shell. All three components faced outwards
from the shell.
Three components were created with the same shape and size, but
different in colour. Each was a cube of 20 x 20 x 20 cm. The bottom face
of the cube was divided into four equal quarter, which, in turn, were
divided into eight raised triangles, thereby creating shade. The centre of
each quarter was determined and its voxel moved inwards. One of these
quarters was chamfered and pulled inwards, and subsequently the cube
corner was chamfered.
These delicate manipulations at the unit scale were discovered to be
important to retain the ornamental identity of traditional muqarnas. The
aim of these manipulations was to influence both shadow and light, for
which traditional muqarnas are well known.

Shell 2
The second shell consisted of three zones, with each of the three
components applied to one zone of the shell. All three components faced
inwards towards the shell.
Three components of the same size were applied, but with different
shapes and colours. Each was a cube of 20 x 20 x 20 cm, with the bottom
face of the cube divided into four equal quarters. The latter were in turn
divided into eight triangles with the first cube’s triangles raised, thus
creating shadows; the second cube’s triangles depressed; while the third
cube’s triangles remained flat.
The design of the three components for the second shell had been altered
from those applied to the first shell. After subdividing the bottom face of
each cube and determining the centre of each quarter, these points were
pushed in different directions, one upwards and one outwards from two
of the cubes, while the third cube was unaltered, as the centre of each
quarter of the bottom face was kept at the same level without being
adjusted.

Shell 3
In this study, there were four components applied to this three-sided shell. These
components were a cluster of four of the same, which was a cube of the same size
as the unit of the previous shell (20 cm x 20 cm x 20 cm). These four components
had the same shape and size, and all faced inwards. Each cube was diagonally
chamfered and coloured gold, with faceted slanting surfaces.
These components were designed to create a diagonal deformation of three sides
of the cube. The composition, or cluster, of these four cubes together created
geometrical shapes in the centre of the composition.
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Dwg 3.37 The three
components.

Dwg 3.38 The
three components
of the shell.

Dwg 3.39 Different
views of the cluster of
four similar components in Shell 3.
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Shell 4
Four components were applied to this four-sided shell. These four components
were formed from the same component as the previous shell (Shell 3) and had
the same shape, size and colour, but in this instance each component was facing
outwards rather than inwards towards the cluster.
When compared with the previous shell, the result was a different arrangement
that generated geometrical and diamond shapes when repeated. (Dwg 3.40)

Shell 5
Here, three components – the same as those that were used in Shell 2 but employed
as a composition of three units on the whole shell – were applied, which, although
they were the same size, had different shapes and colours, and faced in different
directions on a four-sided shell. (Fig 3.56)

Shell 6
Five components were applied (with different shapes, sizes and colours) which
faced in different directions on a five-sided shell. Each component was applied to a
specific area of the shell. The five-sided shell was divided into five separate zones.
(Dwg 3.42)
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Dwg 3.40 Different
views of the cluster of
four similar components of Shell 4.

Dwg 3.41 The three
components used in
Shell 5.

Dwg 3.42 A
few
components of Shell 6.
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Shell overview

Zoom in

Muqarnas Component

Shell 01
Shell 02
Shell 03
Shell 04
Shell 05
Shell 06

Dwg 3.43 A grid showing the different details of the six shells.
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Render 3.13 Internal
view of shell 02 and
the connection shells
from both sides.

Render 3.14 Interior
views of shell 06.

Render 3.15 Interior
views of the
connection shells.
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Render 3.16
Exterior views of
Shell 03.

Render 3.17 Exterior
views of Shell 03 and
the connection shells.
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Conclusions
These vaults were contemporary surfaces that I created using the Processing
software. I experimented with them in order to demonstrate the possibilities of
contemporary muqarnas. The main aim of this experiment was to create a variety
of units that comprise the muqarnas form. Manipulating their geometry, rotation
and direction, as well as their colour, showed how even minor changes on this small
scale might affect the shape of the muqarnas form.
One advantage of using the Processing script for this exercise was that it gave me
the ability to control each muqarnas unit in determining its position and its relation
to its neighbouring units. Each unit was connected with its neighbouring units on
all four sides. In addition, the computational script was able to control the layers
that comprised these units, which were packed to form the final shape of the
contemporary muqarnas vault.
In fact, this iteration was more an aesthetic exercise on a unit scale, which will
be carried into iteration 2. Populating the free-forms shells with those units was
successful to a certain extent apart from the vertical relationship between the
units, it was not resolved yet in this exercise. Furthermore, this study was lacking
the environmental and structural analysis, which will be incorporated in the second
iteration.
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Render 3.18 Exterior view of the contemporary muqarnas in the spa.
Render 3.19 Interior view of the contemporary muqarnas shells in the lobby of the spa building.

358

section 3.2
Iteration 2
The revival of traditional muqarnas depends on ensuring that this architectural
form fulfils contemporary performative roles. In the second iteration of this design
exercise I therefore added contemporary functions to the traditional functions of
the Hammam, including a swimming pool, a spa and a restaurant.
In this design, The shells were the core of the design and were part of a radial urban
design pattern positioned on the site. The projection of these shells was a square
shape placed at various levels depending on the function the shell was providing.
I placed a courtyard at the heart of the building, thus reflecting the traditional
design of a Damascene house. The building comprised a variety of muqarnas shells
that surrounded a courtyard.

Render 3.20 Close up of the exterior of the shells.
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Render 3.21 Bird’s-eye view of the courtyard of the spa building, surrounded by contemporary muqarnas vaults.
Render 3.22 Interior view from the courtyard, looking at the muqarnas shell of the spa.

360

section 3.2
Dwg 3.44 The
layers that make up
the hammam and
the spa building.
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The structure of the building depended on several layers that comprised the image
of the spa building: the courtyard shells, the glass of the windows with their primary
and secondary mullions, louvres, and the shells of the muqarnas units. (Dwg 3.44)
The structural logic depended on a four-sided polygon with a regular arch on
each of the four sides, together with another four arches that were diagonal to
the square; this followed the conventional vault construction. There were hidden
radial networks that conveyed the shape of the shell, from the top of the shell
to the arches, and the muqarnas units were arranged in rings according to this
radial three-dimensional network, curving in a conventional way to achieve the
transformation from a square to a circular shape. The muqarnas units started to
form the columns; when reaching the top of the arch with this construction method
they started to go in circles. (Dwg 3.45)
Dwg 3.45 Putting
all
the
layers
together to compose
the building.

Dwg 3.46 The
structural logic of
the shells.
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Render 3.23 Interior
view of a ‘beauty’
room on the second
level of the spa
building.

Render 3.24 Elevation of the spa
building showing the
different shell levels.
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Dwg 3.47 Perspective section through
the swimming-pool
shells, their ceilings
and the reflections
on the floors.

Dwg 3.48 Interior
view of the swimming pool area from
the lobby space.

Dwg 3.49 Interior
view of the swimming pool area from
the third space.
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The structure of the building depended on several layers that comprised the image
of the spa building: the courtyard shells, the glass of the windows with their primary
and secondary mullions, louvres, and the shells of the muqarnas units. (Dwg 3.45)
The structural logic depended on a four-sided polygon with a regular arch on
each of the four sides, together with another four arches that were diagonal to
the square; this followed the conventional vault construction. There were hidden
radial networks that conveyed the shape of the shell, from the top of the shell
to the arches, and the muqarnas units were arranged in rings according to this
radial three-dimensional network, curving in a conventional way to achieve the
transformation from a square to a circular shape. The muqarnas units started to
form the columns; when reaching the top of the arch with this construction method
they started to go in circles. (Dwg 3.46)

Render 3.25 Interior
view of the
muqarnas shell in
the swimming pool.
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In order to achieve the second level of the muqarnas shell, four extra columns
were installed outside the square polygon; a slab was installed; and then the same
process was repeated to construct eight arches.
The proposed contemporary architectural function of the muqarnas was projected
onto the swimming pool area, where there is a correlation between the ceiling and
ground level, due to the fact that the muqarnas units that form the ceiling of this
space are projected into the flooring of the swimming pool. The swimming pool
area comprises three shells: the first is a lobby and the second two levels of the
swimming pool, one deep and the other even deeper. The connection between the
latter two shells is essential, but at this stage has not been shown successfully.
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3.3

PRINCIPAL DESIGN

In the previous section I described the three projects that I developed in order to
improve my understanding of muqarnas composition in a contemporary environment.
In the first of these studies (the Tourist Pavilion) I produced two options each of which
featured a single shell. As such, there was no need to consider how these structures
might need to be adapted in order to fit to an adjoining shell (or shells).
The design that I produced during my second study (the Council of Representatives
Building) featured two asymmetrical shells of differing sizes, that were joined to form
a single continuous surface, this was described as the external layer. As such, the two
shells shared a common edge. Meanwhile, the internal layer was formed from two
separate domes of muqarnas units.
In the third study (The Hammam and Spa) I first produced a design that featured a series
of asymmetric shells that were joined to form a continuous surface. However, each of
these joins were unique and as such there was no repetition.
In the second iteration of the third study, I produced a design that featured a higher
degree of repetition and although the shells do not join to form a continuous surface
it became clear that they were close to doing so. As such the concept for what would
become my final design began to crystallise.
In this section, my final design study had featured a series of shells each of which
was based on a rhombus. I realised that if I used a rhombus with interior angles of
60’/120’/60’/120’, then I could combine them into hexagonal groups of three. Placed
together these groups would in effect form a hexagonal grid.
Although rhombus do of course feature in Islamic geometries, they are not commonly
associated with them. Hexagons on the other hand are extremely identifiable in Islamic
geometry, as are various other regular polygons including the pentagon, octagon,
decagon and dodecagon.
Furthermore the hexagon is the basis of many naturally occurring forms, including basalt
rock formations (i.e. the Giant’s Causeway in Northern Ireland), the scales of a snake, the
spots of a giraffe, snowflakes and of course honeycombs.
Honeycombs are of course closely associated with muqarnas, indeed as we discovered
earlier, muqarnas vaults are often described as ‘honeycomb vaults’.

Concept
My final design for a Hammam and Spa Complex in the Bab Tuma area of Damascus was
that the larger building would essentially be a macrocosm of performative muqarnas
that would form the defining aesthetic of the building’s interior.
As such, in the same way that a seemingly complex muqarnas composition can be broken
down into a limited number of units, so the building itself would be comprised of a
limited number of relatively simple units, which once combined would form a seemingly
complex whole.
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Fig 3.9
Interior
view of the wastani
bathing zone ceiling
(Teirouzi Hammam,
Damascus, 2015).

Fig 3.10 The roof
of Teirouzi Hammam
(Teirouzi Hammam,
Damascus, 2015)
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Project Context
Through the course of this paper I have shown many examples of muqarnas. A significant
number of these have come from buildings with religious connections (i.e. mosques and
mausoleums). However, with regard to my final design, I felt it important to choose a
building typology that performed a secular function and was not limited to a particular
group. As part of my research into Damascene muqarnas, I had visited a number of
hammams and it struck me that they would provide the perfect setting for developing a
contemporary muqarnas.
Although hammams are secular buildings, they do nevertheless have strong historic links
to the Islamic faith. One of the five pillars of Islam is prayer, and prior to prayer it is
customary to perform ablutions. Historically the majority of worshippers would not have
had access to private bathing spaces and as such they typically performed their ablutions
in public hammams. Consequently, many hammams were built close to mosques
and they shared many architectural design features, including the use of domes and
muqarnas.
Damascus itself has a long history of hammams that dates back to at least the Umayyad
era (AD 661–750), although many historians believe that baths are likely to have been
built by the Romans. Nevertheless, the number of baths in the city steadily rose between
the twelfth-century, when the historian Ibn ‘Asakir (1106–1175 AD) recorded seventyseven hammams, and the height of the Ottoman Empire when it is believed the city had
as many as 365 different facilities.
However, due to the proliferation of private bathing facilities and changing fashions the
number of hammams in the city began to fall. By the late nineteenth century there were
only sixty hammams left in Damascus, and this number has since dropped to just eighteen
still in existence and still in use. However, despite this marked decline in numbers there is
recent evidence to suggest that a revival of Damascene hammams is occurring.
Prior to the outbreak of the current civil war in 2011, there had been a drive to revive the
Old City of Damascus with its various different architectural elements and to improve its
traditional history together with modern requirements. As part of this drive a number
of the city’s hammams had been upgraded one example being Hammam Teirouzi, which
had until recently stood utterly neglected.
When I visited Hammam Teirouzi in the summer of 2015 it had been already renovated
and was indeed in an excellent condition. I sat with the owner of the hammam in the
reception room by a beautiful fountain and he explained what he had been doing to
renovate the hammam, what had been changed and what had been kept as originally
intended. He said that the hammam is now considered to be one of the finest examples
of traditional buildings in the old city of Damascus.
The attention paid to detail with regard to the floors, walls, windows and doors was
astonishing. A pool had been added, a new feature in Damascus hammams. What had
been achieved by this renovation was not only the restoration of a historic building but
also the incorporation of additional elements important to people who live in the 21st
Century.
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Fig 3.11 Right:
Looking up at the
dome that dominates
the ceiling of the
reception
area
(barrani). The position
of the dome in the
ceiling
is
exactly
above the fountain
below
(Teirouzi
Hammam, Damascus,
2015)
Fig 3.12 Far right:
The fountain is the
focal point in the
barrani (exterior)
reception area
(Teirouzi Hammam,
Damascus, 2015)
Fig 3.13 The
aesthetic
of
the
barrani zone that
shows a fountain,
seating areas, cabinets,
packets
of
towels and other
customer necessities
for bathing (Teirouzi
Hammam, Damascus,
2015)

Fig 3.14 The raised
seating area with a
customer wrapped in
towels after having
been to the bathing
zones and back to the
reception/barrani
area.
(Teirouzi
Hammam, Damascus,
2015)

Fig 3.15 Looking up
at the ceiling of the
wastani zone (Teirouzi
Hammam, Damascus,
2015)
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The owner said that Hammam Teirouzi used to be very busy before the war; however,
that morning I was the only customer. Damascus hammams had stood empty as the
conflict kept bathers away. The owners of the hammams had also faced difficulties
in keeping the buildings running as they had been greatly affected by the soaring fuel
prices, while the prices of soap, sponges and towels had all experienced a threefold price
increase.
On 22nd of December 2016, the water supply from the Ain-al-Fijah spring, located about
20 kilometres north-west of Damascus in the Barada River Valley, was cut off by ISIS. This
crucial water source used to supply 70% of the water for Damascus and its surroundings,
and was a lifeline for the region.
What happened forced the people of Damascus to find solutions to the problem. They
had been used to water in their home since the early 20th century, the use of private
baths being one of the main reasons for the decline of traditional hammams. One
solution to the lack of water was to use the remaining traditional hammams, with the
result that they are now once more fully occupied and busy again.
I think it is very important to revive traditional hammams in Damascus as soon as
possible, as they provide various functions such as hubs for social meetings and beautiful
places for people to visit and to celebrate happy occasions. Reviving hammams in
Damascus would also revive local neighbourhoods. Consequently, for my final project,
I chose to design a new hammam and spa in the ancient neighbourhood of Bab Tuma.

Site Description
The site is located in Bab Tuma area, which is a borough of the Old city of Damascus.
The project site is overlooking the Bab Tuma gate and next to one of the Barada river’s
canals, on the north edge of the site. On the south east of the site, there is the main
roundabout of Bab Tuma, were the main entrance of the project is proposed. The site is
located in the borders of the old city of Damascus but overlooking the new parts of the
modern city.

Project Brief
The building will contain the following functions: main reception, hammam (barrani
wastani, and jouwani), swimming pool, changing rooms, toilets, and a café.
The main entrance of the building will lead to the reception area were the visitor will be
directed to go either to the hammam or the swimming pool.
As usual, entering to the swimming pool, will be through the changing rooms and toilets.
Meanwhile, the hammam entrance is through the barrani where the hammam reception
is located and also there are changing corners and towels will be provided. Then from
that, the bather move to the wastani, this is where the massage treatment happens,
after that, the final bathing stage will take place at the jouwani or steam room, and the
bather will go back again to the wastani for extra massage. Then the final destination for
the bather will be the barrani, where socialising happens and having shisha and ordering
food and beverage.
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Fig 3.16 Right:
Looking up at the
ceiling of the jouwani
zone
(Teirouzi
Hammam,
Damascus, 2015)

Fig 3.17 Far right:
The aesthetic of the
jouwani
zone,
showing
white
plaster
muqarnas
units
and
light
filtering
though
coloured glass bulbs
(Teirouzi Hammam,
Damascus, 2015)

Fig 3.18 The lobby
of
the
jouwani
(inner) zone of the
bathing spaces, with
ornamental tiles and
muqarnas elements
on the ceiling. Light
comes in through the
glass bulbs on the
roof. A few private
rooms surround this
lobby
(Teirouzi
Hammam,
Damascus, 2015)
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Design Aims
This design thesis has aims on different levels, as follows:
Historically the aim of this design thesis is to revive a historical form, the
muqarnas as well as to revive a traditional functional building, the hammam.
Aesthetically, the aim is to reinvent contemporary Islamic architecture
Functionally, the aim is to create functional contemporary muqarnas form,
structurally and environmentally.
Structurally, the aim is to create a performative muqarnas, that self-standing
without the need for a sub-structural system to support it.
Environmentally, the aim is to create performative muqarnas, so those units
would be able to allow a certain amount of lighting into the building.

Project Description
Principal Spaces
In the following section I focus on two modern spaces in the hammam: the
swimming pool and the jouwani.

The Space For a Swimming Pool
The swimming pool space was formed with two hexagon units from the grid
that were composed of seven shells. It covered 517 sq m. The minimum span
was 13 m and the maximum 25 m. The shells were designed according to
the environmental analysis that could be observed from the diversity of the
openings on the computational design of the muqarnas shells.

The Space For a Jouwani
I designed the jouwani (inner) space of the hammam, which was composed
of a cluster of three shells. The area of this space was 221 sq m with a span
of 17 m.
The opening of the muqarnas components was designed and driven in the
Grasshopper definition according to the attractor, as the objective was to
allow the maximum amount of light to enter the space. The attractor was
located in the centre of the hexagonal grid unit on top of the cluster of the
three shells.
This space included about six small rooms, maqsura, that were erected for
the privacy of bathers. The flooring of this space was decorated with the
projection of computational muqarnas that form this shell on the ground. The
walls of the maqsura rooms were extruded vertically from these patterns, and
the rooms had neither ceiling nor doors. All the rooms were hosted under the
cluster of the three shells that formed their roofs.
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Dwg 3.50 The basic
hexagon grid.

Dwg 3.51 Each
hexagon of the grid
with a cluster of
three
rhombus
shapes.

Dwg 3.52 The
hexagonal grid and
the cluster of shells
as a plan.
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Hexagon Grid
The building is organised based on a hexagon grid. Each hexagon is a cluster of three
rhombus shapes. The design of the grid was based on a collection of 16 hexagons
(the same size of hexagons) and 7 individual rhombus. Then for functional reasons
I scaled up the jouwani (which consists of one hexagon) 1.5 times and also I scaled
up the swimming pool (two hexagon and one rhombus) two times.

Dwg 3.53 The
hexagonal grid and
the cluster of shells
as
three-dimensional surfaces.

Dwg 3.54 The new
hexagon grid after
adjusting because of
functional reasons.
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Rhombus
From the previous design studies, I learned that to be able to design a contemporary
performative muqarnas a self-standing base-shell should be chosen to be populated
later with muqarnas component. Therefore, I chose the base shape to be hyperbolic
paraboloid as it is a contemporary shell as well as self-standing.
The rhombus shape came as a result of unsuccessful previous design studies where
I used triangle as well as square shapes for the shells. Combining the rhombus with
hexagon grid helped to achieve a column-free space. From a structural point of
view, the rhombus-shell it is self-standing but the later forces should be considered.
Therefore combining a cluster of three shells would achieve solve this problem of
the lateral forces.

Dwg 3.55 Looking
down at a cluster of
three
hyperbolic
paraboloid
shells
contained within one
hexagon shape.

Dwg 3.56 Looking
up at a cluster of
three
hyperbolic
paraboloid
shells
contained within one
hexagon shape.
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Dwg 3.57 The
hexagonal grid with
one unit, populated
with a cluster of
three shells.

Dwg 3.58 A
diagram of the basic
group of hexagons,
with their cluster of
shells.
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Dwg 3.59 Creating
a hyperbolic paraboloid base-shell from
the rhombus in the
GH definition.

1

c

PARABOLA EQUATION GENERIC

a*X² + b*X + c = Y

PARABOLA EQUATION USED

0.1*X² + 6.882 = Y

2

3

c

4
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Muqarnas Design Development
The Grasshopper coding language drove the design of the computational muqarnas
and a definition was created, developed and altered according to the geometrical
result. Four initial designs were generated and the fifth design study is the final one.
In mathematics, the hyperbolic paraboloid geometry is a non-Euclidean geometry
that creates very small or no shear forces on the surface. It is also the geometry of a
saddle surface, sometimes referred to as a ‘double-curved’ surface.
Earlier in this section it has already been established that I formed a contemporary
hammam with a grid of hexagons. As such, the only input necessary for
Grasshopper is a base surface to indicate how big the building is going to be, and
specification of the size of the building as a whole.
Creating the hyperbolic paraboloid base-shell from the rhombus shapes in the
grasshopper definition as follow,
Step 01: In the Grasshopper definition, hexagons were scaled to cover the base
surface that was created earlier with the use of the ‘Hex-Grid’ component for the
basic grid and the ‘Graph Mapper’ component to scale it. Distorting the surface
points changed the hexagon grid, and by using ‘Evaluate Surface’ I translated the UV
of the scaled grid into the base surface. This allowed for the architectural spaces
to adapt to different briefs, but still retained an overall boundary and a smooth
transitioned grid.
Step 02: By using the ‘Polyline’ component, lines were extracted from the hexagons.
Each hexagon was then divided into three rhombus shapes. Each rhombus shape
was then the base of each shell.
Step 03: Curves identified the shell base (rhombus shapes) at that point, as the
shells were not yet surfaces. Each rhombus shape was introduced with seven
symmetrical sections. Three points that were produced according to a cluster
of commands identified each section. This cluster arranged the minimum and
maximum height and the position within the rhombus. The points were provided
with specific heights with the introduction of an attractor, which in turn helped to
give the shells different heights.
I developed the computational definition further by creating an extra seven assisting
curves in the short section of the shell. Lofting those profile curves together
generated the surface shape of the shell. Each shell had four ‘families’ of points that
described it.
At each stage I chose one shell at a time out of the whole cluster of shells.
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Design 01
In this first design I divided the shell surface with a regular orthogonal grid of 15 cm
x 15 cm.
This grid was projected on to the main surface, and each quad became the base of
the muqarnas component. The computational definition tried to find a grid that
contained the shell, and it did not choose any grid outside the shell boundary. The
‘Cull’ command was used to exclude all the unclosed quads and their offsets, to
ensure they were left out and not included in the projection to the shell surface.
The centre point of the grid correlated with the centre point of the shell. The
definition ensured that the symmetry of the shell was preserved.
Dwg 3.60 The
orthogonal
grid
within the boundaries
of one shell/rhombus
shape.
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Symmetry Axis 02

Symmetry Axis 01

Dwg 3.61 The red
quads
are
the
excluded
ones
because they are all
unclosed quads with
their offsets.
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Each muqarnas component was then shaped following the different parameters
assumed in the study. Structural, environmental and aesthetic components
determined the shape of the muqarnas. In this design the muqarnas component
had three parts: the top was purely structural while the other, middle part was
the joint part and finally the lower, part was environmental and had an ornamental
finish.
The structural part was influenced by the Karamba plug-in, while the environmental
part was influenced by the Ladybird plug-in. The different muqarnas components
were arranged following the shell geometry in the way traditional vaults were built.
A metal clip on each of the four faces restrained the muqarnas components.

Dwg 3.62 The
muqarnas component
with
its
different
parts,
together with structural, joint, and
environmental part.

Structure Part

Joint Part

Environmental Part
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Dwg 3.63 Showing
the
muqarnas
component with its
different
parts,
together with structural, environmental
and
ornamental
finishing.

Dwg 3.64 The
muqarnas
component with the metal
clip within the muqarnas shell composition.
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The muqarnas component shape started with the offset of the basic quad. The
offset thickness varied, with a minimum and a maximum value. Those two
values were derived from the structural Karamba plug-in analysis. In the lower
(environmental) parts of the shell the muqarnas components were exposed to
greater loads and therefore, according to Karamba, they required a maximum
thickness. Each quad vertex (A, B, C, D) had to be moved according to the normal
vector of the surface at that point, and with amplitude derived from the Karamba
analysis.
The offset thickness of the shell was on the outside of the shell, which meant that
the shell was in the middle, between the structural and environmental parts of the
muqarnas component. The offset thickness of the shell had a variation in its depth
throughout its body, a result of the stress forces and their location on the shell
body.

Dwg 3.65 The
metal clip on each of
the four faces of a
muqarnas
component.
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Dwg 3.66 The thickness of the shell with
the three different
parts of each muqarnas
component
highlighted
and
distinguished.
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The lower (environmental) part of the muqarnas component had both ornamental and
environmental functions. With the use of the Ladybird plug-in within the Grasshopper
environment, the shell was exposed to sun radiation on 21 June 2016, from 6 a.m. until
7 p.m., the location specified as Damascus. That meant that the shell was exposed to
thirteen hours of sun radiation. The outcome of this environmental experiment was that
the quads assigned to each muqarnas component became colour-coded, with eleven
different colours, ranging from red to dark and light orange, dark and light yellow, three
shades of green and three shades of blue. Each colour indicated how many hours each
quad had been exposed to sun radiation. For example, the red colour indicated thirteen
hours of sun radiation exposure, the dark orange twelve hours, and the dark yellow
colour eleven hours.

B1

A1

C1
D1

C

Dwg 3.67 The
thickness of the
structural part of
the
muqarnas
depends on the
load on each point
(A, B, C, D)
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Dwg 3.68 The
colour-coded quads
following the Ladybird study.
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Dwg 3.69 Environmental
study
completed on the
hottest day of the
year, 21 June, 2016,
in Damascus.
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Dwg 3.70 Environmental
study
completed on the
coldest day of the
year, 21 December, in
Damascus.
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Dwg 3.71 Showing
the six types of
perforation of the
environmental part
of the muqarnas
component.

Dwg 3.72 Showing a
plan of one shell with
an orthogonal grid,
colour-coded after the
sun radiation study,
together with the five
types of ornamental
finish applied.
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Dwg 3.73 Showing
the perforations of the
shell after all the environmental and ornamentation studies had
been applied.
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The muqarnas component was then perforated with a central hole to allow light to pass
through it. This hole did not affect the overall structural performance and the top part
was closed with a translucent material (glass). Once the muqarnas component had
been perforated the main quad was extruded below. This extrusion was divided into
nine segments. These nine segments were 25 cm long and their ends varied in their
geometrical shape. There were six types of perforation on the environmental part of
each of the muqarnas components that were dependent on the environmental analysis
gathered earlier, with the eleven different colour-coded ranges that reflected the
different hours of sun exposure. All the above designs of the six types were points on
the ground plane; they had not yet been transferred to the shell.
These six sets were created according to feedback from the Ladybird environmental
plug-in analysis. The opening of the lower part of each muqarnas component varied
within the sets, allowing more or less sun radiation into the space. The amount
depended on the location of the muqarnas component on the shell surface, and on how
much sun radiation it was exposed to.
The muqarnas components were grouped into six sets for sun radiation exposure, with
each set having a specific geometrical design. For example, the first set was exposed
to thirteen continuous hours of sun radiation throughout the day, and was designed
without any perforated parts. It was completely closed, with nine extruded vertical
subdivisions. The second set of muqarnas components, however, was exposed to only
nine or ten hours of sun radiation. Each component had a hole in the middle to allow
a little radiation, and the lower part was formed of eight extruded vertical subdivisions.
After collecting data from the different plug-ins (Karamba and ladybird), those inputs
assigned values to the quads, as follows:
Up until this point, the computational definition created data relating to muqarnas
components on a plane surface. At the final stage, however, each component was given
a certain height that adjusted to the shell in a specific position. The next step was to
project the points of the different perforations into the shell, making sure all points were
inside, and not outside, the shell.
Each muqarnas component’s environmental division was placed against the base surface.
For this to happen, I projected the four corners (A,B,C,D) of each component on to the
base surface, and then measured the distance between the point on the xy plane and its
projection. Subsequently I sorted the data list in Grasshopper to determine the lowest
point (Point C, in this case) of the four corners. Once I had established the location of the
lowest corner, I moved the whole rectangle to that point. This was required to ensure
that this part of the muqarnas did not protrude into the structural part that spanned
from the top of the base shell.
I measured the distance between the top corner and the lowest corner, which
determined the inclination of the surface across this part. According to the
inclination, I grouped the components into five sets. Each set was then assigned a
different finish to create a smooth transition between the muqarnas components.
The five sets had the same length of 25 cm. The transition came with the finishing
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of the tip. The lower end was carved more in the steep parts of the shell, while the
flat part remained without any notches. This made the transition between the elements
smooth, even though the inclination of the base surface varied between 0 and 45
degrees.
To conclude, this design was successful in terms of building the base-shell, hyperbolic
parabaloid of rhombus shape, therefore all the next design studies will be based on the
same base-shape.
The rhombus shell were combined into a cluster of three. Therefore those shells were
stable structurally to a certain extent.
I did not carry out the orthogonal grid because the result did not reflect the complexity
of the hyperbolic parabaloid double curvature, instead the muqarnas surface was easily
read as x and y.
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A

B

B

D
C

Dwg 3.74 Projecting
the
four
corners
(A,B,C,D)
of
each
component on to the
base surface

D
C

Dwg 3.75 The
five
types of aesthetic
finish of the muqarnas
components’
lower
parts.
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Regarding the muqarnas component, having an offset (of the base-surface) part
and vertical part was unsuccessful, because it resulted in the vertical part is only
decorative element and the oddest-part is only structural element and this is exactly
what I would like to avoid in my contemporary design. Dividing the components
into two parts is a characteristic that will not be carried on to the next design study.
See Dwg 3.76 to Dwg 3.79 for different views of the performative muqarnas shell of
Design 01.

Dwg 3.76 Looking up
at Design 01 shell.
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Dwg 3.77 Top view of
Design 01 shell.

Dwg 3.78 Elevation
view of Design 01
shell.

Dwg 3.79 A perspective view of Design 01
shell.
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Design 02
The first design had a number of problems, such as fabrication complexities with
each muqarnas component having its own individual measurements. There were
also aesthetic difficulties, because each component was isolated from the others.
This contradicted the traditional creation of muqarnas, where there was always a
relationship established between neighbouring components. For these reasons a
second design was created.

Dwg 3.80 The diagonal grid of Design
02. (No repetition of
units, and with the
edges clean.
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The second design focused on the capability of dividing the main shell into a grid
following the surface UVs. This made the clustering of the shells easier and the
muqarnas arrangement structurally more efficient.
The Grasshopper definition started in a similar way to the first design. The only input
was the base surface that provided an indication of the building size. The scaled
hexagonal grids were then introduced. Each hexagon was formed a cluster of three
shells that were created using the same methods as mentioned earlier (in Muqarnas
design development), of families of points and lofting curves that were formed from
the points of different heights according to the attractor mentioned earlier.
Using Karamba, I created an offset shell by moving the points that described the
base shell in a particular direction and distance. Each point was moved a certain
distance in the normal direction. (There are two directions for the normal: inside or
outside the shell) which is similar to what I did in Design 01.
The thickness of the offset shell varied according to the load-bearing and stress
forces applied to the shell body. The offset was in the direction of the outside of the
base shell. In this option, a UV grid divided the shell. In the Grasshopper definition
a ‘Surface-Divide’ component was used to divide the base shells. Once the points
of the grid were established I created the quads for both shells, which were also the
base for the muqarnas components.
The UV grid was highlighted on both surfaces (that is, on both the shell and its
offset) by showing the points of the quads of each UV subdivision. Each quad
created a muqarnas component, which meant that in each point position four points
overlapped. I had to organise these in clusters so that Grasshopper could distinguish
each muqarnas component with its own four points.
From those four points (0, 1, 2, 3), four perpendicular normals were created, with
varying lengths depending on the structural analysis from Karamba. The quad that
carried more loads had a longer length.
Each UV subdivision/quad also had an extra normal in the centre of the quad (point
M). This central normal was created by drawing a line between two vertices (vertex
0 and vertex 2) to find the middle point of the line that provided the centre point of
the quad.
These normals (from point M) were extended with the effect of an attractor. In this
case it was an image-base attractor, using an ‘image sampler’ component in the
Grasshopper definition. The normal heights varied accordingly, which created a
different interior geometry. This method was created for the aesthetic outcome of
the computational muqarnas.
Each muqarnas component was formed from those four normals, together with the
central normal. By lofting the four normals I created the sides of each muqarnas
component. I subsequently created connecting lines between the four points
and the centre of the quad, so that four triangles were created, which produced
the finishing touches of the muqarnas components. Other vertical triangles were
created from lofting the remaining lines.
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Dwg 3.81 The two
shells, the base and
the offset, with the
points describing
both surfaces.

Dwg 3.82 The
normals of the centre
of each quad with
varying length.

1
0
M
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Dwg 3.83 Showing
four points of the
quad (0, 1, 2, 3) and
the centre of the
quad (point M)
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Dwg 3.84 Showing
one
muqarnas
component next to
the rest, which are
ghosted.

Dwg 3.85 Showing
one
muqarnas
component with two
triangles.
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To conclude, this design represented a step forward towards the creation of
computational muqarnas. It was much more advanced than the previous
design, because the muqarnas components merged with their neighbours, thus
providing a relationship that used to be found in traditional muqarnas design. The
disadvantage of this design, however, was that there was no environmental input,
which was crucial for the creation of performative muqarnas. As well as, the final
outcome looked like surface tessellation as the muqarnas component lacked its
depth. Therefore a third design with Grasshopper definition was created.
See Dwg 3.86 to Dwg 3.89 for different views of the performative muqarnas shell of
Design 02:

Dwg 3.86 looking
up at Design 02 shell.
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Dwg 3.87 Top view
of Design 02 shell.

Dwg 3.88 Elevation
view of Design 02
shell.

Dwg 3.89 A
perspective view of
Design 02 shell.
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Design 03
This option sought to merge the successful parts of the first and second designs.
The UV grid of the shell was used again and immediately extracted from the shell
surface itself; no projecting grid was required. The UV grid was also used, and in this
design I tried to use a Diagrid that provided an even more efficient arrangement.

Dwg 3.90 The diagonal grid of Design
03 (No repetition of
units, and with the
edges clean.).
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Dwg 3.91 A
diagram of the quad
on the shell that was
then projected on a
plane.

Dwg 3.92 External
and internal edges of
the quads.

Each quad in this UV grid was defined in Grasshopper by four edges and four points,
with each quad forming four muqarnas components. Each quad’s four points had
different levels and heights, but were still part of the shell surface. For each quad a
diamond-shaped horizontal plane was created and aligned to the lowest corner.
Once the planar quads were at different levels they needed to be moved to a 10 cm
height range on the grid. For example, a quad with a height of 1,009 cm would be
moved to 1,010 cm, while another quad with a height of 652 cm would be moved
to the level of 650 cm. The idea was to set the difference in height between the
muqarnas components in increments of 10 cm.
At this stage of the design it was thought necessary to have each muqarnas
component parallel to the ground plane and to avoid the muqarnas component
being perpendicular to the shell, which was what I had achieved in the second
design option. In projecting each quad onto a diamond-shaped plane the idea was
to have each muqarnas component planar within the XY plane.
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Each quad became four different muqarnas components. Each muqarnas had two
external edges shared with adjacent quads, and another two internal edges shared
with the muqarnas components of the same quads. The edges shared with the
external quads had to be adapted so that the edges were all at the same level as
each other. They could be adjusted following different parameters.
The muqarnas components’ aesthetic finish started with the same basic idea
that was developed in the second design. The aim was to relate every muqarnas
component corner to the adjacent corners, so that the finished surface was a
continuous design. For each muqarnas component’s external corner there were
three adjacent corners that belonged to the surrounding muqarnas components.
These four points shared x and y coordinates, but could also have a variable z
component. Each muqarnas component shared its four sides with another three
muqarnas components. Having studied traditional muqarnas designs, my aim was
to match each side with its adjacent component so that the side was not visible and
only the lower face of the muqarnas would be exposed. I thought this would help
the design to be continuous throughout the shell.
In this design I divided each side of quarter of the muqarnas component into
three segments. This resulted in four points, which were assigned to four different
heights. These four heights were given by the four muqarnas components that
converged in the external corner. The point closest to the corner was set to the
shortest height of the four points. The second point was set aligned to the
penultimate shortest height of the four points, and so on.
Meanwhile, the second lowest muqarnas component had the first point aligned
to the lowest height of the four points and the other three aligned to the second
height of the four points. The third muqarnas component had the first point aligned
to the lowest height of the four points, the second point aligned to the second
height of the four points, and the third and the fourth aligned to the third height.
The fourth muqarnas component had the first point aligned to the first height of
the four points, the second point aligned to the second height of the four points,
the third point aligned to the third height of the four points and the fourth point
aligned to the fourth height of the four points.
The internal edges of the four muqarnas components within one quad remained at
the same height as the quad itself, and therefore I was able to move all the points
to follow the same parameter. The edge was described by three points, one along
each edge, together with the corner point. These three points moved according
to the environmental analysis made with Ladybird. The environmental study that
was carried out in the first design was used again in Design 03. I grouped the quads
into six geometric sets, depending on how many hours each quad was exposed
to sun radiation. Muqarnas located at quads with many hours exposed to sun
radiation would have the centre corner more closed up to allow for more shading;
in this instance the three points remained close to the corner, shaped like a star.
Muqarnas located in quads exposed to less sun radiation, however, were opened by
moving the points opposite to the shared corners, creating rhomboid shapes.
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Dwg 3.93 Each
muqarnas
component is formed from
four quarters of four
neighbouring quads.

Dwg 3.94 The
internal corner edge
of muqarnas components.
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Subsequently in this design option, rather than opening a hole, a notch was left
on each muqarnas component. Each cluster of four components formed a hole
(formed by the four notches next to each other) that allowed for a different
amount of solar radiation. The light was regulated, following the same solar
radiation studies as for the Design 01 study. Where the radiation was low the
opening between the muqarnas increased, and where there was less exposure
the gap reduced.
Once I had designed the lower surface, the height of each muqarnas component
was taken from the Karamba analysis.
In conclusion, in Design 03 the muqarnas component design was much more
successful, however there was still a problem with the merging of the sides of the
muqarnas components with adjacent quads. The design of the internal edges
following the environmental analysis was successful and was carried forward.
The structural study was also successful on account of the nature of the surface
and the tension remaining within the thickness of the shell. For example, if using
wood as a material to fabricate this design, which works well in compression,
there was a need to connect each muqarnas component with a metal clip that
works in tension. From fabrication point of view, It is quite impossible to cluster
the muqarnas components as each of them have different dimensions, this point
in particular will be examined in Design 04.

Dwg 3.95 The structural thickness of a
muqarnas
component.
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Dwg 3.96 Two
muqarnas
components, with open and
closed versions.
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See Dwg 3.97 to Dwg 3.100 for different views of the performative muqarnas
shell of Design 03.

Dwg 3.97 looking up
at Design 03 shell.
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Dwg 3.98 Top view
of Design 03 shell.

Dwg 3.99 Elevation
view of Design 03
shell.

Dwg 3.100 A
perspective view of
Design 03 shell.
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Design 04
The fourth design put together all aspects studied in the previous designs, in
particular those from Designs 01 and 03.
In the fourth design I decided to use the grid (orthogonal grid) I had used in the
first design to reduce the number of pieces of the muqarnas components and
manufacturing units. Each muqarnas component was carved from a 15 x 15 cm
block.

Dwg 3.101 The
orthogonal grid of
Design 04 (Low repetition of units).
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In the previous design, the external edges of the muqarnas components that
merged with each other had not been successful enough. Only the corners (points
M) were fully shared, but the rest were shared only with the lower components
within each quad.
In Design 04 the merging between neighbouring muqarnas components was
improved from Design 03, so that every muqarnas component shared four corners
and four edges with adjacent ones. This made the design seamless.
I first rotated the external edges towards the inside of each component so that
the buffer between the components would be smooth. I then found a difference
in height between each of the four points of the external edges of two different
muqarnas components. I subsequently created a new set of external rotated edges
with four points, the heights of these points being determined by the distance
between points located on two external edges (discussed in Design 03) of two
adjacent components.
Dwg 3.102 Showing
the successful part of
merging the muqarnas component in
Design 03.

M

Dwg 3.103 In design
4, every muqarnas
component shared
four corners and four
edges with adjacent
ones.
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In this design the muqarnas components adapted to the environmental analysis
with the use of the Ladybird plug-in, and they also adapted to each other in the
same way as in Design 03.
The thickness of the shell was extracted from the Karamba plug-in. The extrusion
of each muqarnas component was obtained from Karamba. Design 04 therefore
shares the same structure as Design 03.
See Dwg 3.106 to Dwg 3.110 for a close up at the muqarnas units, and how four
of them form an opening, the size of this opening varies, and the shape changes
between a star, octagon and square shapes; both variations, that is size and shape
of opening, depend on the environmental analysis.

Dwg 3.104 Showing
the location of the
points (0, 1, 2, 3) of
the external edge of a
muqarnas component
in Design 04.
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Dwg 3.105 The new
design of the muqarnas component in
Design 04.
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Dwg 3.106 The
opening shape is a
small star.

Dwg 3.107 The
opening shape is a
slightly bigger star.

Dwg 3.108 The
opening shape is a
polygon.

Dwg 3.109 The
opening shape is an
octagon.

Dwg 3.110 The
opening shape is a
square.
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Dwg 3.111 shows a diagrammatic drawing showing how the muqarnas components
adapt to their location on the shell structurally.
In this design study there were some improvements in design to the muqarnas
components and also improvements in their relationship to each other. Each
muqarnas component had four points and two edges to share with its neighbour.
In this design there was also an improvement in the aesthetic part of the muqarnas,
while the environmental and structural aspects had already been resolved earlier in
Design 03. One important aspect that was improved was the fabrication, as every
component started from the same block dimension of 15 x 15 cm volume. Also,
given that each muqarnas was within a regular orthogonal grid, the connection
between the adjacent components became much easier to build.
To conclude, after examining the outcome of design 04, I concluded that there were
two different aspects of the design that could be improved: the shell division and
the complexity of the interior space. Therefore, design 05 was created as a final
design for this thesis.
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481 here are diagramticChapter
Also,
drawings4below showing how the muqarnas
units adapt to their location on the shell structurally.
(See Figures 4.66 to 4.74)
Also, here are diagramtic drawings below showing how the muqarnas
units adapt to their location on the shell structurally.
(See Figures 4.66 to 4.74)

Figure 4.66: (00)

Figure 4.67: (01)

Figure 4.66: (00)

Figure 4.67: (01)

Dwg 3.111 The
muqarnas
components adapt to their
location on the shell
structurally
with
eight
different
scenarios.

Computational muqarnas
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Computational muqarnas
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Figure 4.68: (02)

Figure 4.69: (03)

Figure 4.68: (02)

Figure 4.69: (03)

Figure 4.70: (04)

Figure 4.71: (05)

Figure 4.70: (04)

Figure 4.71: (05)

Figure 4.72: (06)

Figure 4.73: (08)

Figure 4.72: (06)

Figure 4.73: (08)
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See Dwg 3.112 to Dwg 3.115 for different views of the muqarnas shell of Design
04.

Dwg 3.112 looking up
at Design 04 shell.
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Dwg 3.113 Top view
of Design 04 shell.

Dwg 3.114 Elevation
view of Design 04
shell.

Dwg 3.115 A
perspective view of
Design 04 shell.
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See Dwg 3.116 to Dwg 3.120 for the final images of a prototype of a cluster of three
shells of Design 04.

Dwg 3.116 Plan
of
the prototype of the
cluster of three shells
in Design 04.

Dwg 3.117 Top view
of the prototype of
the cluster of three
shells in Design 04.
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Dwg 3.118 Façade
view of the prototype
of the cluster of three
shells in Design 04.

Dwg 3.119 Perspective view of the
prototype of the
cluster of three shells
in Design 04.

Dwg 3.120 Perspective-plan view of the
prototype of the
cluster of three shells
in Design 04.
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Dwg 3.121 Top view
of the proposed
‘contemporary
hammam and spa’ in
Damascus.

Dwg 3.122 A detail
top view of the
building.

Dwg 3.123 Looking
up at the shells.
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Render 3.26 A perspective view of the building within the urban context.
Render 3.27 A perspective view of the building from the south-east.
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Swimming Pool
Dwg 3.124 Top view
of the swimming
pool shells.

Render 3.28 Perspective view 01 of
the swimming pool
space.

Render 3.29 Perspective view 02 of
the swimming pool
space.
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Render 3.30 Perspective view 03 of the swimming pool space.
Render 3.31 Perspective view 04 of the swimming pool space.
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Render 3.32 Showing the small rooms
(maqsura) used by
the bathers who
require more privacy.
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Render 3.33 A perspective view (View 02) into the jouwani (inner) space of the proposed contemporary hammam.
Render 3.34 A perspective view (View 03) into the jouwani (inner) space of the proposed contemporary hammam.
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Design 05
The shell division used in design 04 was first used for design 01 (the orthogonal grid). The main
purpose of the 15 x 15 cm grid was following one of the first premises: to design a computerised
muqarnas system that could be carved out the same block of material such as wood or brick.
The previous four studies were necessary to arrive at design 05. After examining the first and
the fourth studies, I concluded that dividing a freeform shell by a rectangular grid would lead the
design into too many bespoke edge components that would create a very uneven edge design,
which, in turn, would complicate the fabrication process. This would compromise the aesthetics
of the design, highlighting the joins between shell domes. After focusing on designs 02 and 03 in
which I used a UV division of the shell, the result was a more homogenous division (including the
edges), which provided a better capability of populating the joins between the muqarnas units.
The aim was to have a shell division following the surface geometry rather than trying to describe
the surface with a regular grid. This was reflected in design 05. (See Dwg 3.125 to Dwg 3.129)
Dwg 3.125 looking up
at Design 05 shell.

Dwg 3.126 looking up
at Design 05 shell.
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Dwg 3.127 Facade
view of Design 05
shell.

Dwg 3.128 A
perspective view of
Design 05 shell.

Dwg 3.129 A
top
perspective view of
Design 05 shell.
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The fabrication technologies can produce as many different muqarnas units as
required following the computation information, with no boundary limits. The
repetition aimed for is not with regard to the overall dimensions of the muqarnas
units, but rather the parameter rules that govern the connection between each
muqarnas unit and its neighbours. The repetition that has been created in this
design is based on different geometries and applies in different proportions to
the previous designs, depending on the parameters where each muqarnas unit is
located with regards to the shell surface.
See Dwg 3.130 to Dwg 3.134 for the final images of a prototype of a cluster of three
shells of Design 05.

Dwg 3.130 Plan
of
the prototype of the
cluster of three shells
in Design 05.

Dwg 3.131 Top view
of the prototype of
the cluster of three
shells in Design 05.
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Dwg 3.132 Façade
view of the prototype
of the cluster of three
shells in Design 05.

Dwg 3.133 Perspective view of the
prototype of the
cluster
of
three
shells in Design 05.

Dwg 3.134 Perspective-plan view of the
prototype of the
cluster
of
three
shells in Design 05.
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The interior space provided by design 04 was very successful in terms of the
relationships of the muqarnas units and seamless joins, but was still lacking the
complexity of space that ancient muqarnas achieved. The outcome of this design
had no depth when describing the base shell geometry. Owing to structural
requirements the base shells did not have a complex geometry because they
transferred the load in a very even and efficient way along the surface. This
meant that in design 04 I was left with a seamless panelised dome with very little
capability of creating different spaces.
In design 05, therefore, the method adopted was to divide the shell following
the surface geometry rather than try to render the surface with a regular grid.
These divisions were thus the location of the design 05, These divisions were
thus the location of the muqarnas units, and each muqarnas unit would be
treated according to its location on the shell. I included one more layer in the
Grasshopper definition where I could vary the muqarnas unit base quad with
rasterised images. The top part of the muqarnas units would still follow the
structural base shell and the minimum depth would be given by the structural
analysis, but the bottom part of the muqarnas units could be varied to create
different, more complex, spaces.
In Design 05, the grasshopper definition has advanced in away the Muqarnas
component (Muqarna) population was very successful and it was adaptable to
different surfaces, as one can see in this catalogue, showing 14 different locations
on the base surface, and how that transform to surface tessellation, then to
Muqarnas component’ cluster base quad and then to the muqarnas shell. (See
Dwg 3.135 to Dwg 3.137)
In the Grasshopper definition, within the muqarnas units’ parameter area
design, I included a sample image component where the colour of the image was
interpolated to the height of the lowest point of the muqarnas.
In design 05 the interior space created with the different images was very
successful and provided a new aesthetic layer that could be compared to the
complexity and exuberance of ancient muqarnas domes. The capability of
fabricating muqarnas of various lengths and sizes easily allowed for the top part
of the muqarnas to be aligned to the structural shell and the lower part to follow
aesthetic requirements.
Also, finally, in Design 05, the muqarnas component population advanced to
accomplish a cluster of variation of openings.
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M u q a r n a Po p u l at i o n - A d a p ta b i l i t y to D i ffe re nt S u r fa c e s

Base Sur face

S u r f a c e Te s s e l l a t i o n

Muqarna Cluster Base Quad

Muqarnas

Dwg 3.135 Showing
five (00-04) cases of
the transition that is
accomplished by the
GH script in Design 05.
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Dwg 3.136 Showing M u q a r n a
five (05-09) cases of
the transition that is
accomplished by the
GH script in Design 05.

Po p u l at i o n - A d a p ta b i l i t y to D i ffe re nt S u r fa c e s

Base Sur face

05

06

07

08

09
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S u r f a c e Te s s e l l a t i o n

Muqarna Cluster Base Quad

Muqarnas

section 3.3
M u q a r n a Po p u l at i o n - A d a p ta b i l i t y to D i ffe re nt S u r fa c e s

Base Sur face

S u r f a c e Te s s e l l a t i o n

Muqarna Cluster Base Quad

Muqarnas

Dwg 3.137 Showing
five (10-14) cases of
the transition that is
accomplished by the
GH script in Design 05.

10

11

12

13

14

433

chapter three
Dwg 3.138 A catalogue of Muqarnas
opening.
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Conclusions
In conclusion, through this section, the design of the muqarnas shell as well as
the muqarnas component has developed, seemingly with the development of the
Grasshopper definition. There was a feedback between the design process, its
outcome and the script throughout the five designs studies. As a result, there was
a sequential progress from Design 01 until finally Design 05, were the thesis had
achieved successfully a performative muqarnas and the revival of the traditional
muqarnas form into contemporary shells.
This final design will be fabricated and different fabrication methods will be
explored in the next section.
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Drawings & Renderings of the Final Design
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I: SINGLE SHELL
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II: SWIMMING POOL
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Dwg 3.150 Sectional Perspective
Dwg 3.151 Exploded View
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Render 3.35 Camera 1
Render 3.36 Camera 2
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Render 3.38 Camera 3
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III: HAMMAM
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Dwg 3.160 Sectional Perspective
Dwg 3.161 Plan Perspective
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Render 3.39 Camera 1
Render 3.40 Camera 2
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Render 3.41 Camera 2
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Render 3.42 Exterior view from the south
Render 3.43 Top view
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Render 3.44 Exterior view from the north
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Dwg 3.162 Drawings
showing the computer
model that was used
to generate the final
muqarnas model.
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3.4

FABRICATION

During the design process, I created a free-form hyperbolic shell and populated
it with muqarnas units that followed the UV grid of the shell. The final challenge
was to fabricate the design. My initial instinct was to do this using contemporary
computer-aided manufacturing techniques (CNC, 3D Printing or MPF). As such, I
investigated two fabrication options:

Option A - 3D Printing
The first option that I looked at was to use 3D printing technology in order to
fabricate a 1:1 scale model of an entire shell. To this end I contacted D-Shape,
an engineering firm that specialise in the production of large scale reproductions.
Working together with the Italian company TorArt, the company had previously
been responsible for the fabrication of a 6-metre tall reproduction of the the Arch
of Triumph of Palmyra, which had been destroyed by ISIS in 2015. In this instance,
rather than using 3D printing techniques, they used robots to carve the model out
of a combination of marble and sandstone.
For my own model, it was proposed that we would print using a combination
of clean water, cement and aggregates in order to create a concrete form.
Unfortunately the dimensions of my shell, which would stand at 16m x 8m x 19m
(LxWxH), far exceeded the capabilities of their existing machines. As such it would
have been necessary to construct an entirely new machine, a process that would
have taken at least eight-months and been prohibitively expensive. However, it
should be noted that the use of this technology would have been financially viable
for the production of several shells, rather than a one-off individual.

Option B - Ceramic Casting
The second option was to fabricate the shell using ceramic material. To this end
I contacted Dr . Guan Lee, a practicing architect, lecturer, and the director of
Grymsdyke Farm, ‘a research facility, fabrication workshop and living-working space
for architects, artists, designers and those interested in materials and processes of
making’. Dr Lee put me in touch with Heyoung and Jessie Lee, who would assist me
in the production of my final model.
After discussing the available budget, and taking into consideration several limiting
factors, including the size of the milling machines, the size of the kiln, and the
time available, I decided to limit the size of the model. This was achieved firstly by
reducing the scale of the model two fold, from 1:1 to 1:2; and secondly by limiting
the extent of the model to a small section of six muqarnas (which would comprise a
total of twenty-four units).
In order to achieve this, we set out a methodology that comprised the following
four principal stages: firstly, CNC Work; secondly, Mold Making; thirdly, Slip
Casting; and finally, Glazing.
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Dwg 3.163 Horizontal Roughing

Dwg 3.164 Parallel Finishing

Dwg 3.165 Profiling

Dwg 3.166 Engraving
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1:  CNC Work
The first stage of the process involved the creation of a 'master' formed from highdensity foam. The 'master' is the exact shape of the final product. Its purpose is
to form the 'positive' shape, around which the 'negative' shape of the mold will be
formed.
As such, a CNC milling technique was used in order to create a three-dimensional
'master' model of the six muqarnas units. This process included the following three
steps: the milling of the master; model assembly, and the preparation of the
master for mold making.

A: Milling the Master
The first step of the CNC work is the ‘milling of the positive’, a process which
includes the following four phases:
I.

Horizontal Roughing - the first rough cut to the model.

II.

Parallel Finishing - which is used to smooth out the foam.

III.

Profiling - which involves cutting out the perimeter.

IV.

Engraving - the final stage of the cutting process.
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Fig 3.19 The
assembled positive.

Fig 3.20 The
assembled positive.
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B:  Model Assembly
Following the milling stage, the pieces of high density foam are assembled and
glued together in order to form a single piece.
Fig 3.21 The
assembled positive.

Fig 3.22 The
assembled positive.

@Source:Ath'sp

@Source:Ath'sp

465

chapter three
Fig 3.23 The
assembled positive
after waxing.
@Source:Ath'sp

Fig 3.24 The
assembled positive
after waxing.
@Source:Ath'sp
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C: Preparation of the Master for Mold Making
The third and final step of the process involves the modification and preparation
of the master for the casting of the plaster mold. Firstly, the master is sanded in
order to remove any imperfections that may cause the plaster of the mold to stick.
Secondly, the surface is varnished in order to prevent the high-density foam from
absorbing water from the plaster. Thirdly, the milled surface is waxed in order to
aid the subsequent release of the negative plaster mold.

Fig 3.25 Detail of
he assembled positive after waxing.
@Source:Ath'sp
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Fig 3.26 Step
1:
Before starting on
the model, we tested
how easy it is to
remove the mold
vertically from the
top.
@Source:Ath'sp

Fig 3.27 Coating
the foam with mold
release.
@Source:Ath'sp
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Stage 2:  Fabrication of the Plaster Mold
The second principal stage of the fabrication process was the making of the plaster
mold. The purpose of this stage was to create a plaster mold around the master
that was created in the previous stage. The process involved the following fifteen
steps:

Step 1
Before starting work on the model, we tested how easy it would be to remove the
mold vertically from the top. Traditionally molds are removed part by part, first
from around the side, and then from top to bottom. In the case of this model, there
are internal structures within the model and therefore the only way to remove the
molds of the internal structures is from the top vertically.

Step 2
In order to cast the top and bottom individually, wood ‘cuddles’ are used to form a
box around the foam master.

Step 3
Due to the weight, we decided to split the bottom section into two parts. In order
to cast it, we had to block each of the six voids with clay in order to prevent the
liquid plaster from getting into them.

Step 4
The fourth step involved the construction of several clay columns. The purpose
of these columns is to form the channels through which the slip will eventually be
poured.

Step 5
This step involved the pouring of the top part of the mold. In order to make the
mold easily de-constructable, the top part was cast in two sections.

Step 6
Following the casting of the top two parts of the mold, the foam master is removed
from the bounding box and the clay that had been used to block the voids is
removed. The master is then flipped over (to allow for the casting of the bottom
parts of the mold) and placed back in the bounding box.

Step 7
The seventh step involved the casting of molds for the four largest voids. In order
to allow for ease of removal it was necessary to cast each part of each void in two
parts. The acrylic divider is left inside the two halves of the mold, so that when the
time comes to remove them, we can first take out the divider, which then makes it
easier to take the two plaster molds out. The void has to be divided into at least
two parts, otherwise it would be impossible to remove the molds due to plaster
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Fig 3.28 Step
3:
Blocking the six voids
with clay.
@Source:Ath'sp

Fig 3.30 Step
4:
Creating the clay
columns to allow for
the pouring of the
slip.
@Source:Ath'sp

Fig 3.29 Step
5:
Casting the top part
of the mold in two
sections.
@Source:Ath'sp
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Fig 3.31 Step
6:
After the top plaster
molds had set, we
flipped the model
over.
@Source:Ath'sp

Fig 3.32 Step
7:
Casting the molds for
the
four
largest
voids.
@Source:Ath'sp

Fig 3.33 Step
8:
The
next
step
involved the casting
of the second level of
the largest void as
well as that of the
void located diagonally from it.
@Source:Ath'sp
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Fig 3.34 Step
9:
The
ninth
step
entailed the subdivision of the remaining
sections, which were
then cast individually
in clockwise order.
@Source:Ath'sp

Fig 3.35 Step 10:
As with the other
four voids, the two
deepest voids had to
be divided into two
parts with a thin
acrylic in the centre
for easy release.
@Source:Ath'sp

Fig 3.36 Step 11:
Following
the
completion of the
casting of the voids,
the remaining space
is subdivided and
plaster molds are
cast in a clockwise
direction.
@Source:Ath'sp
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expansion. Metal bars were cast into the molds in order to act as handles. The bars
were coated with silicone in order to facilitate their removal.

Step 8
Due to the size and complexity of the model, the casting has to be divided
horizontally and vertically. Please refer to photos.

Step 9
The ninth step entailed the subdivision of the remaining sections, which were
then cast individually in clockwise order. As we divided the molds horizontally
it was necessary to take into consideration the sharp edges of parts of the
geometry.
Step 10
As with the other four voids, the two deepest voids had to be divided into
two parts with a thin acrylic in the centre for easy release.
Step 11
Each of the horizontal sections is subdivided vertically in order to facilitate
their easy removal.
Step 12
The top section has to be cast in one piece. This is due to the fact that it has
to support all of the subsidiary molds when the mold is turned upside down
(slip is poured in and emptied from the bottom). As it is such a large piece it
is necessary to reinforce it with plaster fabric.

Fig 3.37 Step
12:
Casting the bottom
section using fabric
for reinforcement.
@Source:Ath'sp
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Fig 3.38 Step 13:
To make 4 plaster
walls,
we
have
surrounded the inner
molds by 4 wooden
boards.
@Source:Ath'sp
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Step 13
In order to make the four plaster walls we surround the inner molds with four
wooden boards.

Step 14
The penultimate step involved the dismantling of the mold into its various pieces.
These molds were then dried at low temperature in a kiln, before being placed
outside for several more days of drying in the sun.

Step 15
The final step of the process was to reassemble the molds and tightly strap them
together prior to the slip being poured.

Fig 3.40 Step 14:
The
dismantled
molds were dried in
kilns at very low
temperature
and
outside for several
days.
@Source:Ath'sp

Fig 3.39 Step 14:
The de-constructed
mold drying in the
sun.
@Source:Ath'sp
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Fig 3.41 Step 15:
Re-assembly of the
mold.
@Source:Ath'sp

476

section 3.4

477

chapter three
Fig 3.42 Step
1:
Pouring the slip into
the mold.
@Source:Ath'sp

Fig 3.43 Step
2:
Emptying the excess
slip.
@Source:Ath'sp

Fig 3.44 Step
3:
The casting was
then left to dry overnight.
@Source:Ath'sp
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3:  Slip Casting
The third principal stage of the process was the slip casting. Slip Casting is a ceramic
manufacturing process that involves the pouring of liquid clay (or ‘slip’ as it is also
known) into a plaster mold. The porous nature of plaster means that it naturally
draws the water out of the slip, allowing it to rapidly dry and harden. Slip casting
can be done using either a solid mold, which is used to form solid objects such as
plates, or a hollow mold, which is used to form hollow shapes such as vases and
jugs.
For the purpose of this fabrication, we utilised the hollow mold technique, which
comprised the following six steps:

Step 1
The first step of the process was to pour the slip into the molds. A special low
shrinkage slip was used.

Step 2
The slip was left in the mold for forty-five minutes, after which the thickness of the
dried layer (adjacent to the plaster) was tested. Once the desired thickness had
been achieved it was necessary to drain the plaster mold of the excess slip, which
could be used again for future castings. Given the size and weight of the plaster
mold (and the liquid slip inside), this was an arduous process that took a further 45
minutes.

Step 3
The mold was then left to dry overnight.

Step 4
Once it had been established that the the cast piece was ‘leather-hard’ (i.e. partially
dried to the point where no more shrinkage will occur) we were able to begin to
dismantle the plaster mold in sequence. Great care has to be taken in order to not
damage the cast clay model.

Step 5
Once the mold had been completely removed it was necessary to carry out some
minor repairs due to the fact that some unwanted seams were formed during
casting.

Step 6
The slip model has to be dried for at least seven to ten days before bisque firing.
The model is not only large but it also has a very complex geometry. Consequently
it has to be dried slowly and evenly in order to prevent cracking. Bisque firing
(the first stage of firing) is performed with temperatures gradually rising to 1,000
degrees Celsius.
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Fig 3.45 Step
Deconstruction
the mold.

4:
of

@Source:Ath'sp

Fig 3.46 The
casting prior to the
removal of the final
void-forming molds.
@Source:Ath'sp
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Fig 3.47 Step
6:
Showing the underside of the casting as
it dries.
@Source:Ath'sp

Fig 3.48 Showing
the top-side of the
casting as it dries.
@Source:Ath'sp
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4:  Firing and Glazing
Once the slip was dried, the unitit had to be 'bisque' fired (first firing). Following
the 'bisque' firing the unit was glazed and fired for a second time. Following the
second firing, the final step was to gild it.

Fig 3.49 The muqarnas unit in the kiln.
@Source:Ath'sp

Fig 3.50 The unit
during the application of the first glaze.
@Source:Ath'sp
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Fig 3.51 The muqarnas unit during the
application of the
second glaze.
@Source:Ath'sp

Fig 3.52 The muqarnas
unit
being
gilded.
@Source:Ath'sp
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Fig 3.53

The finished muqarnas unit.

Fig 3.54

The finished muqarnas unit.

@Source:Ath'sp

@Source:Ath'sp
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Fig 3.55

The finished muqarnas unit.

Fig 3.56

The finished muqarnas unit.

@Source:Ath'sp

@Source:Ath'sp
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CONCLUSIONS
In chapter three I explored the possibilities of muqarnas being implemented within
contemporary architecture. I also investigated the evolutionary process of the
design of traditional muqarnas by examining their inherent design limitations, and
subsequently undertook geometrical processes with the aim of overcoming these
limitations in order to enhance their functional potential.
Through the course of this final chapter, a number of aspects, including the form,
function, and performance of muqarnas were reviewed via optimisation, parametric
and computational tools and analysis, together with contemporary fabrication
techniques.
These final conclusions will follow a similar system to the one that was previously
used in both chapter one and chapter two. As such, these conclusions will consist
of four sections, each of which will address the following principal aims of the
thesis: Pre-Design; Design Studies; Principal Design; and finally, Fabrication.

1:

Pre-Design

In the pre-design studies, four different muqarnas types, each relating to one of
four Damascene architectural styles (Zengid, Ayyubid, Mamluk, and Ottoman), were
applied (virtually) to the Dome of the Eagle of the Umayyad Mosque in Damascus.
The principal purpose of this exercise was to allow me to understand and analyse
the geometry of each of the four traditional muqarnas styles (as well as that of their
principal units) and to understand how they behave differently, when applied to the
same geometry (i.e. a traditional domed surface).
As such, I learned more about the characteristics of traditional muqarnas units, how
they change in height and shape in order to adapt to the forms that they are applied
to. Consequently, one sees how the height of each tier relates to the curvature of
the dome, with those located at the bottom being higher than those located at the
top. This behaviour provides clues as to how similar units might be applied to a
free-form surface, using parametric tools.
While this exercise was useful for increasing my own understanding of muqarnas,
the geometrical three-dimensional modelling of complex traditional forms is likely
to be of enormous importance to the rebuilding of damaged and destroyed cities
and monuments in Damascus, Syria and across the Levant. Examples of such
monuments include those destroyed by ISIS in Palmyra (Syria) and the Imam al-Daur
(Iraq).
This increased understanding of traditional muqarnas, combined with my
observations of the outcome of this exercise, provided a useful and necessary
progression towards the next stage of my research, which was to explore and to
design new types of unit that would have the potential of fulfilling environmental
and/or structural functions. Furthermore, it was my desire to extend the potential
geometric applications of muqarnas, which had so far been limited to simple
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geometric forms, so that they would be able to adapt to free-form surfaces and
modern vaults.
It was my hope that I would be able to rediscover an innovative approach to
muqarnas design that had been so lacking since the beginning of the nineteenth
century. I concluded from this first exercise that the geometry of traditional
muqarnas units is so heavily constrained that it can only be applied to simple
traditional forms
It was my conclusion that traditional muqarnas units had been designed in such
a way that it was only possible to apply them with strict adherence to a system
that comprised a limited number of very specific rules and constraints. Amongst
these constraints was the fact that they can only be successfully applied to a limited
number of different geometries. As such, while it is possible to apply them to
simple domes and vaults (both of which include axes of symmetry), it is impossible
to apply them to free-form surfaces without breaking important rules of traditional
muqarnas composition.

2: Design Studies
Throughout the course of this chapter I have discussed the use of modern
techniques for creating contemporary muqarnas, and have reflected on several
design proposals. Having analysed the geometrical construction of traditional
muqarnas, it has been demonstrated how to implement this analysis into a digital
environment, while at the same time introducing structural and environmental
evaluations in order to generate contemporary spatial and social settings of this
architectural form.
Having generated contemporary applications of this historical form, it is hoped that
they will serve as an inspiration to architects and designers in the future, bringing a new
lease of life to an art-form that has for many years remained unknown and neglected.
This second section of chapter three covered three principal design studies, each
of which made use of contemporary software, including Rhino and Maya, as well
as Grasshopper, the visual-scripting language developed by Daniel Piker. The first
was a Tourist Information Pavilion situated within the Umayyad Mosque Plaza, for
which two iterations were generated. The second was a building for the Council of
Representatives, while the third comprised two iterations for a Hammam and Spa
facility in the bab Tuma district of Damascus. Each of these studies employed a
number of different functions and typologies, which allowed me to explore a variety
of sizes, forms and functions for contemporary muqarnas vaults.
Through the course of these design studies, a number of important lessons were
learned, however, the most important of these was the discovery that in order
for the computational muqarnas shell to perform structurally, it was essential to
employ a self-standing form with structural integrity. Furthermore, through the
course of the three studies I was able to generate a Grasshopper definition that was
able to successfully analyse a number of different shapes of contemporary shell,
and to populate them with different types of muqarnas unit.
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Design Study 1: Tourist Information Pavilion: Umayyad Mosque Plaza
For the first iteration of this design study, I used Rhino and Grasshopper as digital
design tools in order to populate a free-form shell with two-dimensional patterns
(which varied in shape, size and depth), while simultaneously responding to the
structural and environmental analysis carried out, respectively, by the Grasshopper
plug-ins Karamba and Ecotect. Similar environmental and structural analysis
would be carried out on each of the subsequent design studies, including the final
design study. Unfortunately the tessellation study was unsatisfactory as it lacked
many of the three-dimensional characteristics that define traditional muqarnas
compositions.
For the second iteration, I used Processing as a digital design tool with the aim of
populating a free-form shell with three-dimensional components of the same shape
and size. The result was an independent, free-form vault that was populated by
three-dimensional units. This second iteration was the more successful of the two,
as it was able to achieve a three-dimensional expression of the muqarnas that had
been lacking in the first iteration.
Both iterations of this first design study provided useful clues as to how to
proceed. From the first iteration, I learned how to create free-form surfaces using
the Kangaroo plug-in for Grasshopper and how to analyse them environmentally
using Ecotect. From the second iteration, meanwhile, I learned how to populate
a free-form vault with three-dimensional units. Structurally, however, the second
iteration was of a limited success, as I was unable to connect each of the units to its
immediate neighbours.
As we have seen previously, only a limited number of existing traditional muqarnas
(including the domes of the Bimaristan Nur al-Din in Damascus) are able to perform
structurally and to form free-standing compositions. However, despite the setbacks
of these early studies it remained my intention to develop contemporary muqarnas
that would be able to perform these structural functions.

Design Study 2: Council of Representatives Building
For the second study, I attempted to combine the lessons that I had learned from
the first design study. Consequently, I developed a shell that was essentially a hybrid
of the two initial studies and was comprised of two distinct layers: a tessellated
outer layer, which was developed from the first iteration of Design Study 1; and a
more sculptural inner layer, which was developed from the second iteration.
The outer layer was developed by refining and advancing the Grasshopper definition
so that the results of the structural analysis were reflected in the thickness of its
star-shaped panels. As such, these elements became thicker, when exposed to
tensile forces and thinner when exposed to compressive forces. Furthermore, the
same environmental analysis (that had been applied during Design Study 1) was
applied and was seen to return good results, in terms of collecting environmental
data and reflecting it on the geometrical patterns’ opening size.
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As mentioned previously, the inner layer was a development of the second iteration
of Design Study 1. Subsequently, four different options were created by developing
a more sophisticated unit, and applying it to the base surface with varying degrees of
density. However, although some interesting forms were beginning to emerge, I was
still unable to address the issue of the individual units being unable to connect with
their immediate neighbours (and thus being unable to support each other structurally).
At the end of this study, I concluded that the tessellation technique that I had
employed in the design of the outer layer, was not leading me towards my desired
goal. Not only did it lack the three-dimensionality of traditional muqarnas
compositions, but also their vertical layering system. Consequently, I decided not
to continue with this particular strand of my research. However, I felt that the
second approach, which I had used to develop the inner layer, had yielded more
encouraging results and consequently I chose to use it as the basis for my next
group of studies.

Design Study 3:  Hammam & Spa Facility
For the third design study, I chose to develop a hammam and spa facility for the
Bab Tuma neighbourhood of Damascus. I began this study by using the Processing
software to create six free-form muqarnas compositions, each of which was
comprised of different iterations of the same base unit. Each of these units was
based on a cuboid geometry, which was subsequently manipulated in order to
form a range of units that were subtly different in terms of both their colour and
geometry.
Unfortunately, one of the shortcomings of this process was that it was unable
to adequately solve the vertical relationship between neighbouring units.
Furthermore, the shells were not performing either environmentally or structurally.
Critically, the triangular vault that had been created was not viable as a selfsupporting structure as it included a cantilevered element that would require an
additional structural system in order to support it. As such, I concluded that the
use of the Processing software was not helping me to achieve my design goals and I
would be forced to develop a different approach to my design.
For the second iteration of this design study, it was my aim to continue exploring
the horizontal and vertical relationships between the individual muqarnas units and
their neighbours. However, rather than continuing with the completely free-form
surfaces that had been developed using the Processing software, I would return
to more familiar ground, not only by making use of a more conventionally shaped
vaults, but also by again utilising Rhino and Grasshopper.
Using this approach I was able to achieve more fluid transitions between floors, walls
and ceilings and was thus able to emulate the feeling of continuity, or unity, that is
one of the defining characteristics of the interior architecture of the Islamic world.
Furthermore, I was able to more successfully emulate the layering system of traditional
muqarnas compositions and was also able to vary the height of the units in order to be
able to accommodate the geometry of the vault to which they were applied.
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However, although there were many aspects of the design that were positive, I
felt that the geometry of the shells themselves was too conventional and as such
I decided to resolve this by developing a more free-form shell for the final design.

3: Principal Design
Throughout the course of this thesis I have often made reference to the Islamic
notion of unity and have described how one of the architectural functions of
traditional muqarnas was to create an illusion of continuity between floors, wall,
and ceilings. Furthermore, muqarnas have often been described as having ‘no
logical or mathematical boundaries limiting’ the scale of their compositions. That
said, all the examples of traditional muqarnas that I have shown in this book have
been limited to a single space. They may give an impression of ‘unity’, however, it
is clear that they are limited to the rooms which they occupy and they do not cross
their thresholds.
This idea, that muqarnas have traditionally been limited to single spaces was not
something that I was conscious of when I started the design studies (that were
described in the second section of chapter three). As such, I began my studies by
proposing a pavilion based on a single shell. The second design study was a little
more sophisticated, as I developed a design that comprised two conjoined shells.
For the third study, however, I attempted to link several shells in order to create
a muqarnas composition that would unify several different rooms and functions.
Although my first attempt was somewhat limited in its success, the second attempt
was more successful as it demonstrated how I might combine shells of similar
shapes and sizes.
Consequently, I developed my final design based on a hexagonal grid. Each hexagon
was divided into a cluster of three rhombi, each of which formed the basis of a
hyperbolic paraboloid shell. Furthermore, by combining the shells into clusters of
three, I would overcome the problems of lateral movement. Due to their shared
geometry, it would be possible to fit these shells together, in order to create a wide
variety of compositions. As such, the building essentially became a macrocosm of
a muqarnas composition. With the logic of the building established, the principle
remaining task was to design the muqarnas that would of which the individual
shells would be comprised. The development of this unit comprised five different
iterations:

Design 01
The first design iteration study was successful in that it was the one that allowed
me to establish the use of the hyperbolic paraboloid shell and the hexagonal
cluster, which would form the basis of each subsequent iteration. The design of
the muqarnas itself was not however successful for two principal reasons. Firstly,
the result did not visually reflect the complexity of the hyperbolic paraboloid. As
such, the x and y rows and columns of the grid were far too easily read within the
muqarnas surface and I resolved to study a different method of subdivision for the
second iteration.
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Secondly, with regard to the muqarnas component, the unit that I created
was comprised of three parts, the upper part performing a structural role, the
middle part creating a join, and the lower part performing an environmental and
aesthetic role. However, given that my aim was to create a single muqarnas unit
that was able to perform both structurally and environmentally, I decided that
this approach was unacceptable as it essentially divided the roles between two
different and distinct parts.

Design 02
For the second design iteration I chose to divide the shell surface in accordance
with its UV lines. The resulting design possessed a far more sophisticated
appearance than its predecessor as the muqarnas components merged
with their neighbours, thus providing a relationship that used to be found in
traditional muqarnas design. The disadvantage of the design, however, is that it
lacked an environmental input, which is crucial for the creation of a performative
muqarnas.
Furthermore, the resulting muqarnas lacked the sculptural
sophistication of traditional compositions and was geometrically closer to a
simple surface tessellation

Design 03
For the third iteration of the shell, I again used its UV curves to subdivide its
surface. Unfortunately, however, there remained a problem merging the external
sides of the muqarnas components with adjacent quads. However, the design
of the internal edges, which followed the environmental analysis was successful
and was carried forward. The structural study was also successful on account of
the nature of the surface and the tension remaining within the thickness of the
shell. However, there was a clear problem with regard to constructibility as each
muqarnas unit possessed its own unique geometry. This posed clear, yet not
necessarily insurmountable, problems with regard to fabrication, which would
have to be addressed in subsequent iterations.

Design 04
For the fourth iteration I revisited the orthogonal method of subdivision in order
to maximise repetition and minimise the use of custom units. Furthermore, the
external merging between neighbouring muqarnas components was improved,
so that every muqarnas component shared four corners and four edges with
adjacent ones. This created a seamless design, which represented a significant
improvement on the third iteration. However, the drawback of this iteration
was that it lacked the richness of its predecessor. As such, the aim of the final
iteration would be to combine the efficiency of the fourth iteration, with the
elegance of the third.
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Design 05
Having evaluated the fourth iteration, I concluded that the use of an orthogonal grid
would lead to a design that would create a very uneven edge. This would in turn
necessitate the use of far too many bespoke edge components, which would have
the potential of complicating the fabrication process. Furthermore, I felt that the
use of such bespoke components would compromise the aesthetics of the design
as they would accentuate the joints between neighbouring shells, thus undermining
the appearance of ‘unity’ which I was trying to achieve.
As such, I returned to the idea of utilising a similar UV division of the shell that had
been used in the second and third iterations. The third iteration in particular, had
produced a more homogeneous division (including the edges of the shell domes),
which provided a better capability for populating the joins between the muqarnas
units. Consequently, my aim for the fifth iteration would be to achieve a shell
division that followed the surface geometry rather than trying to impose a regular
orthogonal grid.
The result was a design that achieved the desired aesthetic richness and a
harmonised appearance in its interiors. Furthermore, an additional level of
complexity and richness was added to the interior of the shell by introducing a
Grasshopper definition that allowed the muqarnas units to be extended downwards
towards a secondary virtual surface. As such, I was able to introduce an undulation
that greatly enhance the three-dimensional aspect of the design.
I also made improvements with regard to the external appearance of the shells.
Having always been drawn to the exterior of the muqarnas dome of al-Madrasa
al-Nuriyya al-Kubra (which is one of the structural muqarnas in Damascus), it had
always been my intention to ensure that the vertical progression of the muqarnas
units’ layers was realised. However, it struck me that this approach was ill suited
with regards to drainage. As such, I altered the Grasshopper definition in order to
create a smoother exterior shell (as seen in the final renders).
Through the course of this design research I have been able to create a Grasshopper
definition that is able to divide a self-supporting shell vault by using its UV curves.
This allows the shell to be populated with three-dimensional units that are able to
structurally and visually connect with each of their neighbours. Furthermore, I have
introduced a secondary geometry which further enhances the three-dimensional
quality of the composition, by allowing certain units to be extended downwards
in order to create an undulating effect. Finally, the definition has been developed
to allow for two different external appearances, the first composed of layers of
muqarnas units, and the second giving a smooth exterior surface.
As such, I believe that I have successfully analysed traditional muqarnas in order to
extract a number of key characteristics, re-creating and re-representing them in a
contemporary, computational and parametric way.
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4: Fabrication
Given the very large scale of my final design, it was always going to be a challenge
to produce a physical object that accurately reflected the design intent. Ideally, I
would have liked to have been able to create a full scale representation of the design
that accurately represented the kinds of material that would realistically be used
in an actual construction project. However, it would clearly have been completely
unrealistic to produce an entire building, and given the scale and complexity of
the design, even the production of a single shell would have represented a great
challenge.
Nevertheless, I began the fabrication process by approaching the Italian company,
D-Shape, who had been involved in the fabrication of a 6-metre tall recreation of
the Arch of Triumph in Palmyra. Although we discussed the potential to 3D print a
full scale recreation of an entire shell (with dimensions of 16 m x 8 m x 10 m) out
of concrete, it soon became clear, that although theoretically possible, it would be
necessary to construct an entirely new printing machine, which would have been
prohibitively expensive. That said, if the intention had been to produce an entire
building (with a large number of shells), then it may have been an economically
viable option, especially when one considers that the machine could be reused for
future projects involving different designs of similarly large proportions.
We also discussed the economics of printing a scale model of the design (again in
concrete). Although this would have been an interesting exercise, it would also
prove to be prohibitively expensive. Not only would we have to transport a large
concrete model from Italy to England, but furthermore, we would also have to
acquire space in order to simply store it. Although it would ultimately prove to be
financially unviable to proceed with the 3D printing of a single shell at this time,
what I learned from the experience was that had a printer of the required size been
available, then it would have represented a viable option for a real-life construction
project,. That said, the principle drawback of this technique is that one can only
produce one shell at a time. However, the advantage is that one has the potential
to produce an unlimited number of different forms and one is not limited by the
need to repeat elements.
Once the idea of producing a large scale print had been rejected, it would have
been easy to simply produce a small scale print utilising a material that would
have allowed for easy transportation and storage. However, I felt that this would
have represented an unsatisfactory solution as it would have neither reflected the
true scale of my design, nor the challenges of real-world construction techniques.
Consequently I turned to Dr. Guan Lee, the director of Grymsdyke Farm, to assist me
in the production of a ceramic prototype of my design. As with the previous option,
the key challenges with regard to this technique were those of scale. Essentially
we were limited by the size of the kiln that would be used to fire the model and
consequently we decided to produce a half-scale model of a small section of the
design, which comprised just six muqarnas units.
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Together we formulated a four-stage process, which comprised CNC work; followed
by mold making; followed by slip casting; before a final stage of glazing and firing.
At the beginning of this process, I was initially apprehensive about the fact that
only the first of the four stages made use of a Computer Aided Manufacturing
technology. However, after seeing the final result, I realised that there had been
a great benefit in combining contemporary and traditional production techniques.
One of the great things about the original muqarnas compositions is that they have
a hand-made quality, and I feel that this comes through in the prototype that I was
able to produce.
One of the other great advantages of this technique is that it allows for a high
degree of repetition. The shell that I produced for my final design is symmetrical in
two directions, which means that each muqarnas unit repeats twice in each shell.
Consequently, by using this technique, one could theoretically produce my entire
building using a relatively small number of molds. However, it should be stated
that although theoretically possible, the use of ceramics in such constructions is
nevertheless quite unusual. That said, it would be entirely plausible to use a similar
technique (i.e. one that utilises molds) in order to manufacture a product out of a
more conventional building material such as GRG (Glass Reinforced Gypsum), GRC
(Glass Reinforced Concrete) or GRP (Glass Reinforced Plastic), each of which feature
prominently in the designs of Zaha Hadid Architects.

495

conclusions

conclusions

498

conclusions
INTRODUCTION
When one embarks upon a PhD, or for that matter any field of academic study, one is
essentially embarking upon a journey. However, unlike a typical journey, where one
knows precisely where one is headed, one is very much heading into the unknown
with the intention of discovering something new. As such, when Christopher
Columbus set sail from Spain in 1492, he did not know precisely where he was headed,
or precisely what he would discover. In the event, he would not make it to his intended
destination, he would instead discover something that he had not expected.
The same is true of my own academic journey. When I began my thesis in 2011, I
had only the vaguest idea where my research might take me. I knew that I wanted to
discover more about the ancient architecture of the Islamic world, but at the same time
I had a strong belief that I would be able to identify something new, that I would be able
to discover something that would add to my understanding of complex geometry and
computing that I had developed during my four years with Zaha Hadid Architects.
The architecture of the Islamic world, is of course an incredibly broad subject, not least
because it grew from, encompasses, and influenced such a wide and diverse range of
architectural styles. It therefore became necessary for me to focus my attention on a
more specific element the genre, and as such I initially focused on tessellation. As we
saw in Chapter One, tessellation forms the basis of a large proportion of the patterns that
feature in the art and architecture of the Islamic world, and it was also the initial influence
for my early design studies, which I described in the second part of Chapter Three.
However, despite the fact that these studies had three-dimensional forms, they were
nevertheless all based on two-dimensional patterns. As such, although they had a certain
aesthetic appeal, they were relatively unsophisticated from a geometric point of view,
and consequently seemed to be somewhat limited as a potential field of study. However,
my interest in tessellation had led me to renewed interest in muqarnas, an art-form that
I had been familiar with since my childhood, but not one that I had ever paid specific
attention to.
Indeed these forms had always struck me as being extremely complex and somewhat
incomprehensible. Furthermore, given the fact that I was well acquainted with a range
of three-dimensional computer design software (not to mention parametric design
tools) and had spent four years working with complex geometries while at Zaha Hadid
Architects, it seemed something of a paradox that I had rediscovered an art-form that
had existed for thousands of years, yet I had little or no idea how it worked geometrically.

It soon became clear to me that muqarnas had great potential as a subject for my thesis
and I set out to develop a design for a contemporary muqarnas composition, while
at the same time attempting to follow the four principal aims that I outlined in the
introduction. As such, this final conclusion follows a similar format to those that came
at the end of the first three chapter. Therefore these conclusions are divided into four
distinct parts, each of which corresponds to the four principal aims: Firstly, Historical
& Cultural Significance, secondly, Architectural & Aesthetic Development, Thirdly,
Geometry/Mathematics/Computing, and finally, Manufacture & Technical Performance.
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4.1

HISTORICAL & CULTURAL SIGNIFICANCE

I wish to explore the reasons why it is important to preserve, revive and to
develop vernacular forms and why one should refer to the past whilst looking
to the future.
In the first chapter of this thesis I explained why I had been avoiding the use of the
term ‘Islamic Architecture’ and instead using the term ‘architecture of the Islamic
world’. The principal reason for this is that the term ‘Islamic Architecture’ is too
easily misunderstood as being the ‘architecture of Islam’, and this is something that
I very much wanted to avoid.
Indeed, as I explained through the course of the chapter, the architecture of the
Islamic world was very much built upon and influenced by the cultures, civilizations
and vernacular architecture that preceded it. As such, it is not an architecture that
was created exclusively by or for followers of Islam. It is not an architecture that
is limited to religious buildings, therefore it is not an architecture that can only be
enjoyed or practised by members of a single faith.
This understanding is of vital importance, as it shows it to be a style that while linked
to a specific religion is not confined by it. Furthermore, it is a style that developed
over a period of more than thirteen-hundred years. It gave character to towns and
cities across the Islamic world and if places like my home town of Damascus are to
retain their distinctive characters, then it is vital that we understand what it is that
gave them that character.
In the second chapter I focused on Damascus and described how the city has
developed between the start of the modernist era in the Middle-East, and the
beginning of the Syrian Conflict in 2012. As such, we saw how the population
of the city greatly expanded during a comparatively short period of time, from
an estimated figure of 140,000 in 1867, to 1,711,000 in 2009. The effect of this
expansion was seen to be the creation of a modern city that had two very different
parts.
The first, was the old town, which at the start of the modernist era had not spread
far beyond the city’s ancient walls, which had largely been defined by the Romans.
The old city had been characterised by an organic growth that had resulted in the
creation of a maze of narrow streets. These streets provided access to the city’s
buildings, the facades of which generally provided little clue as to what lay behind.
Consequently, the old city became a melting pot of different cultures and classes,
with people living in close proximity, regardless of ethnicity, creed or social status.
The second, was the new part of the city. Unlike its predecessor, which had
been allowed to develop organically over thousands of years, the development
of the new city had to be rushed in order to accommodate vast numbers of new
arrivals. This expansion was achieved under the administration of a succession of
governments, each of which adhered to a masterplan that had initially been drawn
up by René Danger and Michel Ecochard in 1935, during the period that Syria was
occupied by the French.
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This masterplan, which would be further developed by Ecochard during the 1960s,
was very much informed by modernist planning principles. Consequently the city
that emerged was characterised by wide roads, large open spaces and multi-storey
concrete towers, that were in many ways opposite to the principles that defined
the ancient city. Furthermore, unlike the diverse neighbourhoods of the old town,
those of the new city tended to attract far more specific groups. Subsequently
there developed separate neighbourhoods that segregated the rich and poor as
well as people of different creeds and ethnicities.
It is believed by some that this segregation, which was not limited to Damascus,
was one of the major contributing factors to the Syrian conflict. Another is thought
to be a lack of identity. The old city of Damascus is one of the most striking and
characterful in the region. The new city, however, is largely unloved and lacks
identity. The Syrian architect and author, Marwa al-Sabouni, describes this contrast,
which also occurred in her home city of Homs as a ‘jarring disconnection between
the rich heritage of the past and the empty modernism now being imported to form
the present’.

1. Al-Sabouni, The
Battle for Homs:
Memoir of a Syrian
Architect. 11

Grief over the violence that ISIS has perpetrated on ‘innocent’ ancient buildings
can be contrasted with reactions towards the mass destruction of entire cities.
Why is it that ancient sites mean so much to all of us? Why is a scratch on
a column in Palmyra of more consequence than the demolition of an entire
concrete building? Furthermore, how was it that we vandalized our own
cities in Syria before war came to deliver the final blows? And how should we
rebuild what has been destroyed so that it will not happen again?1
We saw in chapter two that the government has come to appreciate the value of
the architectural heritage of Damascus and Syria as a whole. As such, one hopes
that a concerted effort will be made to rebuild and repair the important buildings
that have been destroyed and damaged during the Syrian conflict. However, given
that the majority of the buildings that have been destroyed date from the last halfcentury, it is far less clear how they should be replaced.
It does, however, seem clear that it would be a very grave mistake to simply replace
them similar structures. Should one therefore try to invent something new, or
would that approach not run the risk of repeating the mistakes of the twentieth
century? It is my view that one needs to take the best of the past, whether it be
from vernacular architecture or from modernism, and to try to fuse it in order to
create something that is at the same time new, yet also connected to the past.
As such one of the principal aims of this thesis was to create a contemporary
muqarnas. In the first part of chapter three I showed how contemporary computing
techniques could be utilised in order to easily create three-dimensional computer
models of traditional muqarnas compositions, which in turn can be used to help
rebuild destroyed or damaged examples. However, I also demonstrated that
traditional muqarnas units could only be applied to simple conventional domes and
vaults, while it is impossible to apply them to free-form surfaces without losing the
main characteristics of traditional muqarnas composition.
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As I progressed through my design studies through to the completion of my
final design, I believe that I was successful in demonstrating how one can use
contemporary computing techniques to create a wide range of forms that build
upon the same principles as traditional muqarnas compositions, yet are able to be
applied to a far greater variety of different three-dimensional forms.

4.2

ARCHITECTURAL & AESTHETIC DEVELOPMENT

I wish to document the architectural/aesthetic development of muqarnas,
from their inception, to the present day and to propose ways that they might
develop in the future.
In the first chapter, I attempted to trace the architectural origins of muqarnas,
before subsequently describing how they were developed in various different parts
of the Islamic world. A strong case was presented for the theory that an early form
of muqarnas was developed in Nishapur (in north-east Iran) as early as the 8th or
9th century. However, there was found to be little evidence of further development
until the 11th century, during which a variety of muqarnas compositions,
constructed utilising a broad range of construction materials and techniques, begin
to appear in locations as wide range of locations including Algeria, Egypt, Iran and
Iraq.
In the latter part of Chapter One, I focused my attention on the development of
muqarnas in Damascus. I presented my documentary film, which was produced
in 2015 and featured twenty muqarnas compositions from nineteen different
buildings, the oldest of which was constructed in AD 1154, and the most recent
dating from the mid-eighteenth century. It was shown that these twenty
compositions spanned four different eras of Damascene history, the Zengid (AD
1127-1181) , the Ayyubid (1193-1260), the Mamluk (1260-1516), and the Ottoman
(1516-1918). As such, one muqarnas composition form each of these eras was
selected and analysed geometrically.
What this analysis revealed is that despite the fact that they were built centuries
apart, there seemed to have been relatively little architectural or geometrical
development in the compositions. The reasons for this lack of development were
revealed in the third part of the chapter, which investigated the geometry of
muqarnas compositions. Here it was shown that muqarnas are governed by very
strict geometrical rules, which limit the number of different units from which the
compositions are typically constructed. While the use of a limited palette clearly
aided design and construction (in an era preceding computer aided design and
manufacture), its drawback was shown to be a limit on innovation.
In the second chapter, I reviewed the work of several artists and architects who had
created contemporary compositions based on traditional muqarnas. The purpose
of this exercise was to try to discover if there had been any recent innovations in the
field of muqarnas design. While some of these studies were partially successful, in
that they increased our understanding of traditional forms, few of them were able
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to offer any substantial clues as to how the art-form might be advanced in order
for it to fit within a contemporary setting. However, the use of computational and
parametric modelling techniques employed by both Mohammad Yaghan and the team
of Hamekasi, Samavati and Nasri, and by Yaghan, provided a useful basis for my own
design studies, which I described in the third chapter.
I used the first two sections of the third chapter to describe the principal design
studies that would lead to my final project (which was described in the third section of
Chapter Three). In the first of these studies, I used parametric design tools in order to
transpose the four Damascene muqarnas compositions that I had studied in Chapter
One onto a single geometry (the Dome of the Eagle of the Umayyad Mosque in
Damascus). What this study revealed was the enormous power of parametric design
tools to easily deal with geometries that had previously been very challenging for
contemporary designers (who were generally unfamiliar with traditional techniques).
As such, it was shown that computers provide an invaluable tool with regard to
traditional muqarnas composition, which has the potential to greatly assist the repair
and/or reconstruction of damaged or destroyed muqarnas. However, this study
was unable to provide many clues as to how a contemporary muqarnas might be
conceived. Consequently, the design studies, which I described in the second part of
Chapter Three, were used to try to form a bridge between these studies of traditional
muqarnas compositions, and my final design, where I would attempt to create a
contemporary version.
The above mentioned design studies comprise three distinct parts, where I move
from studies of individual shells (part one), to conjoined shells (part two), to more
sophisticated compositions that include multiple shells (part three). The most
important finding from those three design studies, was that it is vital to employ a selfstanding form with structural integrity for the computational muqarnas shell to perform
structurally. Moreover, through those design studies I was able to create a Grasshopper
definition that was able to successfully analyse a number of different shapes of
contemporary shell, and to populate them with different types of muqarnas unit.
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4.3

GEOMETRY/MATHEMATICS/COMPUTING

I wish to study how the mathematics/geometry behind muqarnas has
developed over time and how one can use contemporary computing techniques
in order to generate new forms.
Within this thesis, I have mentioned the interaction and collaboration between
artisans and mathematicians on topics such as the geometrical construction of
ornamental patterns and the application of geometry to architectural construction.
Through the mediums of art and architecture, Islamic patterns were able to maintain
their singular identity with little deviation from their original purpose, which was to
express unity through diversity.
The striking beauty and harmony of the varieties of patterns that have characterised
the interiors and exteriors of domes indicate the involvement of skilled and
knowledgeable artists and mathematicians from earlier times. This architecture is
well known for a sense of unity that is reflected in its beauty. This unity and beauty
are achieved by means of adherence to an underlying structure.
In Chapter One, I explained how a vast number of seemingly complex tessellations
are in fact composed of a very limited number of different units. I also explained how
the vast majority of muqarnas compositions are comprised of just fourteen different
units and intermediate elements. This knowledge facilitates the understanding
that, while traditional muqarnas forms often seem to be extremely complex, they
are in fact based on hidden geometries, which are themselves relatively simple
to understand. Therefore, the architecture of the Islamic world could simply be
explained as making ‘more from less’.
I used the third part of Chapter Two to review the work of several researchers
who have been studying the geometry of muqarnas compositions in recent years,
each of which was enlightening in its own way. From their research, I learned that
muqarnas were employed to create a sense of ‘unity’ within buildings, to create a
transition between the vertical, the curved and the horizontal. I questioned whether
this sense of ‘unity’, of creating continuous flowing spaces was really any different to
what modernist architects tried to achieve with their minimalist aesthetic?
Furthermore, I made the point that by attempting to hide joints and give an illusion
of simplicity, many modernist designers had to resort to complicated details.
Traditional designers on the other hand, attempted to hide joints by adding simple
elements (like muqarnas units), which gave an illusion of complexity. At the close of
Chapter Two it was concluded that it could once again be the time to make use of
this more traditional way of thinking about the design of such details, and that the
use of design features, such as muqarnas, should be re-evaluated.
In the third section of Chapter Three, I described how the development of my
final design project had been based on a hexagonal grid. Each hexagon of the grid
was occupied by a cluster of three rhombi. Each rhombus formed the basis of a
hyperbolic paraboloid shell. By joining these three shells into clusters, I had been
able to overcome the problems of lateral movement. I then described in detail how
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I developed the final shell through a sequence of five design iterations.
The aim of this exercise was to reconstruct this historical form in a digital
environment, to evolve it so that it could be integrated into contemporary settings.
One of the challenges of the thesis was to expand the form beyond the conventional
vault, into computational muqarnas that could form modern, larger-spane shells.
In addition, it was my intention to preserve two of the main characteristics of
traditional muqarnas compositions, beauty and unity, into a contemporary form.
Through the course of this design research, I was able to create a Grasshopper
definition that is able to divide a self-supporting shell by using its UV curves. This
allows the shell to be populated with three-dimensional units that are able to
structurally and visually connect with each of their neighbours. As such, I believe
that the final design study reflects a number of key characteristics of traditional
muqarnas compositions, however, they are re-created and re-represented, in a
contemporary, computational and parametric way.
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4.4

MANUFACTURE & TECHNICAL PERFORMANCE

I wish to study how muqarnas have been manufactured throughout history and
to explore how they may be manufactured in future. I also intend to investigate
how they might be developed to perform structurally and environmentally.
In the fourth section of Chapter One, we discovered that traditional muqarnas
were constructed from a wide range of materials, including clay, plaster, mortared
rubble, stone and wood. Consequently, given that each that each of these material
possesses its own individual characteristics, construction methods vary depending
on which material (or materials) is used. As such, muqarnas made of plaster tend
to make use of an underlying frame, to which plaster panels are attached, while
muqarnas constructed from stone tend to be self-supporting.
The principal reason why we see the use of multiple materials in muqarnas
construction, is that transportation costs were historically high. As such, the
architects and artisans who designed and constructed these muqarnas tended
to make use of the materials that were to hand. Furthermore, certain buildings
feature a number of different muqarnas, constructed from different materials.
One such example is the Bimiristan Nur al-Din in Damascus (1154), which features
a stone muqarnas portal, a ceramic muqarnas dome, and two muqarnas ceilings
constructed from plaster.
One of the lessons that we can draw from this, is that historically the choice of
materials (and consequently construction techniques) was relatively unimportant.
We also learned that depending on the material used, muqarnas had the potential
to fulfill both structural and environmental roles. Consequently, for my final
design project I chose to design a contemporary muqarnas, which like the domes
of Zumurrud Khatun Mosque in Baghdad (AD 1200) and the Al-Madrasa al-Nuriyya
al-Kubra in Damascus (1167), would be able to perform both structurally (i.e. be
self-supporting) and environmentally (i.e. able to admit daylight and allow for the
flow of air).
I used the fourth section of Chapter Two in order to explore recent developments
in Computer Aided Design (CAD) and Computer Aided Manufacture (CAM) that
might be utilised in order to design and build contemporary muqarnas. Through
my studies, I discovered that several different researchers had already developed
CAD techniques in order to quickly produce three-dimensional virtual models
of traditional muqarnas compositions. Although these techniques were not
able to directly inform me in my quest to design a contemporary muqarnas,
they did however show the enormous potential of computer software to aid the
reconstruction of damaged or destroyed muqarnas.
With regard to the manufacture of a model of my own contemporary muqarnas
composition, it was initially my intention to fabricate an entire shell at one-to-one
scale using 3D printing technology. To this end, I contacted D-Shape an engineering
firm that produce large scale 3D prints, who together with the Italian company
TorArt, had previously been responsible for the fabrication of a 6-metre tall
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reproduction of the Arch of Triumph of Palmyra, which had been destroyed by ISIS
in 2015, before being reconstructed the following year.
Unfortunately, the shell that I had designed had dimensions of 16 m x 8 m x 10 m
(L x W x H), which was significantly larger than their current capabilities and would
have necessitated the building of a new printing machine. As such, the cost of
3D printing a single shell proved to be prohibitive. However, it is worth noting
that this kind of technology will become increasingly financially viable in future.
Furthermore, regardless of the cost there remained the problem of where to store
such a large structure, as such I decided to concentrate my efforts on producing a
model of a smaller section of my composition.
To this end I contacted Dr. Guan Lee, a practicing architect, lecturer and the director
of Grymsdyke Farm, a research facility and live/work space in rural Buckinghamshire.
Dr. Lee, together with his collaborator, the artist Eleanor Morgan, has spent the last
few years experimenting with a process that links digital and robotic technologies
with traditional clay processes. Together we developed a four-stage process that
comprised CNC work; followed by mold making; followed by slip casting; and finally
glazing and firing. This process was used to produce six muqarnas units at one-totwo scale.
The final result was a pleasing product, which was certainly more affordable than
the aforementioned alternative. However, the process was far more complicated
and labour intensive than I had imagined it would be at the outset. Nevertheless,
I drew a certain satisfaction from the fact that the process was not carried out
exclusively by robots. As much as I enjoy the smooth futuristic architecture of
designers like Zaha Hadid, these buildings do lack a certain human touch in their
construction. As such, it is my belief that processes that are able to combine precise
digital techniques, with the inventiveness and touch of the human hand, should be
encouraged.
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FINAL THOUGHTS
As a younger architect, my principal aim was to design and to build beautiful
structures. During the course of this study I feel that I made significant progress
towards the first of these aims. However, with regard to the latter, I must admit
to having been more than a little disappointed that I was only able to manufacture
a small part of my final design. Nevertheless, it remains my intention to one day
realise a full-scale built version of my muqarnas vault.
However, during the course of this study I also came to realise that my final project
was only ever going to represent a single outcome of a field of study that has an
enormous range of potential applications. As I mentioned earlier in this section, at
the beginning of my studies I was not concentrating specifically on any particular
aspect of the art and architecture of the Islamic world and it was only later that I
began to concentrate on tessellations before finally concentrating on muqarnas.
However, by concentrating on a relatively niche subject, by concentrating on the
details, I feel that I have uncovered something about the broader picture, that I
would not have necessarily discovered had I attempted a more general research.
To illustrate this point, I ask the question ‘is it really possible to understand human
history, without trying to understand the individuals involved’. Similarly, with
regard to the Syrian Conflict it is almost impossible to understand how a society
could collapse so entirely without understanding the personal stories that led so
many people to react as they have done.
Societies are constructed of networks of people, and the most successful societies
provide structures that are able to unify their members, whilst simultaneously
allowing them to express their individuality. As has been discussed in this thesis,
many elements of design in the art and architecture of the Islamic world are
governed by hidden grids and the design of muqarnas compositions is no exception.
As we have seen through the numerous examples featured in this document,
muqarnas units can be embellished in all kinds of ways, they can even be sculpted
differently. However, as long as they obey a few simple rules, one will always be
able to fit them together in order to create a beautiful and harmonious whole.
Given that they are based on mathematical and geometrical rules, the design of
muqarnas has a clear and profound connection to contemporary parametric design.
This is interesting as one would assume that most people (with a knowledge of
the subject) would more readily associate parametric design with the futuristic
architecture of Zaha Hadid Architects, than they would with the more ‘traditional’
methods of design. However, when one considers that Antoni Gaudi, who died in
1926, made use of parametric design techniques, one can begin to see that there
also exists an immense and exciting potential to combine modern techniques with
the traditional skills of artisans:
The architect must take advantage of what operators know how to do and
can do. They must make the most of each one’s most outstanding quality.
This means: integrating, joining forces and giving them a hand when they
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get stuck; this way they work happily with the security that comes from fully
trusting in the organiser. Plus, we have to remember that no one is useless,
everyone plays a role (although not everyone has the same abilities); it is a
question of finding what each person’s role is.
2. Audouard, P.
“Gaudí and Teamwork: His Artisan
Collaborators”.

Antoni Gaudí.2
I believe that what makes Gaudi’s work so rich, is the fact that he was able to
combine his skills and vision with that of the artisans with whom he collaborated.
In essence, he provided the ‘global’ framework within which these artisans were
allowed to flourish. The lesson that I draw from this, is that there is no need to
separate the old from the new, there is no need to distinguish between ‘local’ and
‘global’. It is perfectly possible to combine them, and by doing so there exists the
potential to create works of art that are both modern and timeless, as well as being
‘local’ and ‘global’.
This is one of the challenges that I intend to address in future designs of muqarnas.
As such, it is my intention to develop designs that can be applied globally (i.e.
throughout the world), but adjusted locally in order to make the best use of local
knowledge, skills, techniques, and materials. Consequently, these designs will be
unified with regard to their global geometric design, but will differ with regard to
their details and materiality, each one responding individually to their own unique
cultural and physical environments.
For example, in Algeria, this could mean combining with computational design and
fabrication the use of hand-made and hand finished ceramics as a key material
for developing newer forms of muqarnas, since the region has a long history of
ceramics artisanship. Such an approach would also allow active collaborations
between algorithm designers, machine fabricators and traditional artisans and
enable different hybrid forms of materiality and practice.
I believe that these lessons can be extended far past the design of muqarnas, and
inform architectural design on a number of different scales. Within individual
buildings, the use of hidden grids can be enormously beneficial, especially when
one is working with a large team of designers. They can be used to inform all
kinds of design decisions, whether they be architectural, structural or relating to
environmental services. Far from limiting designers, these hidden grids can be used
to provide a structure within which individuals are free to express themselves, yet
at the same time the grid unites each of these designers, so that a homogenous
final result is achieved.
Similar results can be achieved on an urban scale. In the second chapter, I
described how modern Damascus has developed as two very different cities, the
ancient centre, and the modern suburbs. In many ways the old city is a macrocosm
of a muqarnas composition. Like the individual units of a muqarnas, the buildings
fit tightly together to form a harmonious whole. Although each building is able
to express its own individuality within its walls, their external appearance tend to
follow the same set of rules. As such they are able to combine to form a whole that
is far greater than the sum of its parts.
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The same cannot be said of the modern suburbs, which are dominated by tall
buildings each of which stands alone. While the streets of the old city used to
be shared by people of different creeds,races, and socio-economic groups, the
wide traffic filled streets of modern Damascus divides the city into different
neighbourhoods that separate these different groups entirely. In short, the old city
used to unite people, while the new city divided them.
As the Syrian conflict comes to a close, the country has a chance to start afresh.
I hope that this thesis will contribute to the discussion about how the country
approaches the rebuilding of its cities, and its architectural heritage. While the
focus of the latter part of this study was on complex computational techniques, I
believe that perhaps the most important message that I want to convey, is that the
geometries upon which so much of the art and architecture of the Islamic world
are based are in fact extremely simple. I hope that this increased understanding,
combined with the power of modern day computing technology can lead to a new
age of innovation and beauty for architecture across the Islamic world.
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