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Abstract

Due to the landslide-prone geological conditions, many landslides have occurred in the
Three Gorges Reservoir Region (TGRR), most of which are slow-moving ancient landslides
characterized by preexisting shear surfaces. In this study, with the purpose of making full use
of reactivated residual strength to prevent and treat the slow-moving landslides, such as
designing anti-slide piles, the Huangtupo landslide as a typical reactivated ancient landslide in
the TGRR was selected to study the overconsolidation (OCR) effect on the reactivated residual
strength of deep-seated sliding zone soil by conducting a series of laboratory ring shear tests.
It was found that after a short rest of one day, the reactivated residual strength increased with
the increase of OCR under a given normal effective stress, but it was lost after a small shear
displacement. The overconsolidation effect on reactivated residual strength at a lower stress
was more prominent than that at a higher stress. Very coarse sand with a size of 1-2 mm inside
the remoulded deep-seated sliding zone soil sample exerts direct control on the reactivated
residual strength, and it significantly influences the overconsolidation effect on reactivated
residual strength. The results could provide a reliable scientific basis for improving the stability
analysis and reinforcement measures of the slow-moving landslides in the TGRR, as well as
can be applied to similar slow-moving landslides in other areas.

Key words: Reactivated residual strength; Overconsolidation; Ring shear; Deep-seated sliding

zone soil



55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

1. Introduction

Large-scale landslides have become a typical geological disaster in reservoir areas because
of the seasonal rainfall and periodic fluctuation of reservoir water level (Serafim, 1987; Kilburn
and Petley, 2003; Tan et al., 2018; Dai et al., 2022; Zhou et al., 2022). As the largest reservoir
in China, the Three Gorges Reservoir has become a typical landslide-prone area. It is
documented that more than 4200 landslides had occurred in the Three Gorges Reservoir Region
(TGRR) by 2017 (Li et al., 2017), and this number is still on the rise (Li et al., 2019; Wang et
al., 2020). Most of the landslides in the TGRR were ancient landslides, and they were activated
as slow-moving landslides mainly because the reservoir impoundment would fluctuate the
TGRR’s hydrologic conditions (Miao et al., 2014; Huang et al., 2018; Song et al., 2018; Liao
et al., 2022; Wang et al., 2022). These slow-moving landslides are characterized by relatively
small displacements and large-scale mass movement (Wang et al., 2020), which have caused
extensive damage to nearby infrastructure and posed a significant threat to the residents.

The reactivated landslide typically has a sudden and quick displacement at the beginning,
after which it tends to stabilize at low translational velocity, finally forming a new quiescence
cycle (Carrubba and Del Fabbro, 2008; Kundu and Gupta, 2022). Reactivation of a quiescent
landslide is a phenomenon induced by natural causes and human activities, before which a
temporarily available strength along the preexisting sliding surface inside the landslide has
been generated from the residual state of shear during a quiescence period. It has been well
documented that this mobilized available strength is always greater than previous residual
strength (e.g., Ramiah et al., 1973; Skempton, 1985; Stark et al., 2005; Ren et al., 2021;
Sanshao et al., 2021). Here the recovered residual shear strength at reactivation is referred to
as reactivated residual strength.

Over the past several decades, many studies have been carried out on the reactivated
residual strength. D’Appolonia et al. (1967) first proposed the self-healing effect that the

3
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reactivated residual strength was greater than the drained residual strength for an ancient
landslide. Carrubba and Del Fabbro (2008) explained the healing phenomenon by the fact that
the skeleton structure of soil particles became more stable over time through some processes,
such as creep and thixotropic hardening. Since the residual strength is reactivated and increased
after a period of quiescence, many research works have focused on the time effect on the
reactivated residual strength of different soils, including remoulded kaolinite and bentonite for
a rest period of 4 days (Ramiah et al., 1973), montmorillonitic clays for different rest times up
to 5 days (Angeli et al., 1996), remoulded smectite-dominant landslide soils for a short rest
duration of 2 days (Gibo et al., 2002), and low-plasticity Duck Creek shale and high-plasticity
Otay bentonitic shale for two ageing times, 1 day and 230 days, respectively (Stark et al., 2005).
The common conclusion from these studies is that the magnitude of strength gain increases
with time, even over a short rest period of time. In addition to the time effect, Bellino and
Maugeri (1985) pointed out that the reactivated residual strength depended on the shear
apparatus by testing the identical soil sample with two different types of ring shear apparatus.
Skempton (1985) and Lemos (2003) also demonstrated that the shearing rate had a significant
influence on reactivated residual strength due to the viscous properties of clay soils.

However, the effects of overconsolidation ratio (OCR) on the reactivated residual strength
have not yet been reported in the geotechnical literature. Most of the research has focused on
the effects of loading and unloading normal stress on the residual shear strength of slip soils
because residual strength can be used to design and repair the reactivated landslides with the
preexisting shear surface. For example, Vithana et al.(2012) demonstrated that the residual
strength of a high plasticity slip soil was independent of stress history through drained torsional
ring shear tests, which is consistent with the findings of Bishop et al. (1971), Townsend and
Gilbert (1976), and Stark et al. (2005). However, compared to residual strength, reactivated

residual strength should be better utilized in the stability analysis and treatment of reactivated
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landslides. More importantly, in the TGRR, the fast infiltration of seasonal rainfall and the
fluctuation of water level make the shallow soil easy to be saturated, thereby triggering a huge
number of common shallow landslides (Miao et al., 2014). In this way, the original
overconsolidation state of the soil in the deep-seated sliding zone of ancient landslides will
change greatly, which is highly likely to affect the reactivated residual strength of the soil.

In this backdrop, this study examines the effect of OCR on the reactivated residual strength
of deep-seated sliding zone soil from the TGRR, China. A series of laboratory ring shear tests
were carried out on the remoulded soil samples with different artificial overconsolidation ratios
under different normal effective stresses. The main objectives of the present study are as
follows: (1) to find out the OCR effect on the magnitude of soil strength gain from the residual
state of shear over a short rest time; (2) to compare the OCR effect on the reactivated residual
strength under different normal effective stresses; and (3) to understand the influence

mechanism of OCR on the reactivated residual strength at the residual state of shear.

2. Materials

2.1. The Huangtupo landslide

The Huangtupo landslide is located along the Yangtze River in China, 69 km east of the
Three Gorges Dam (Fig. 1). As a typical slow-moving ancient landslide, it is now the largest
landslide ever identified in the TGRR (Tan et al., 2018). More details on the geologic setting
of the Huangtupo landslide can be found in the literature (Deng et al., 2000; Tang et al., 2015b;
Tang et al., 2019). The Huangtupo 1# landslide is one of four regional landslide areas in the
Huangtupo landslide and has the most serious deformation (Tan et al., 2018). The geological
profile of Huangtupo 1# landslide (Fig. 2) suggests that it is a chaotic mass consisting of
shallow sliding mass and deep-seated sliding mass. To monitor this landslide in real time, an
arc-shaped testing tunnel of 908 m long was constructed in 2010 crossing the Huangtupo 1#

landslide (Tang et al., 2015a) and five branch tunnels (BT-1 to BT-5) were connected to the
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main tunnel, as shown by the pink line in Fig. 3. The sampling site is located at the end of BT-
5 where the deep-seated sliding zone soil is exposed (Fig. 3). The deep-seated sliding zone soil
here is a kind of reddish-brown fine-grained soil with a small amount of gravel.
2.2. Testing materials

The soil samples used in this study were taken from the deep-seated sliding zone of
Huangtupo 1# landslide (Fig. 3). The collected undisturbed soil samples were firstly air-dried
and then hand-milled with a roller to pass through the standard 2 mm sieve, following the
method described by Vithana et al. (2012). The sieving of particles larger than 2 mm in size is
mainly limited by the ring shear apparatus, in this way which excludes bigger gravels and soil
aggregates while retaining all primary soil particles. The removed materials accounted for
approximately 7.6% by weight. The remaining soil samples were used as the testing materials.

The basic geotechnical properties of the tested soil were measured in the laboratory, as
listed in Table 1. The grain size distribution was determined by using dry sieve method and
sedimentation by the hydrometer method following BS1377: Part 2: 1990. The grading curve
(Fig.4) indicates this is a well-graded soil. The liquid limit is 30.4%, measured using the cone
penetrometer method, and the plastic limit is 12.8%, determined by the standardized thread-
rolling method, indicative of the low plasticity of the soil. The mineralogical composition was
quantitatively identified by X-ray diffraction test (XRD) using a PANalytical X Pert Pro
diffractometer, reported in Table 2. The XRD pattern of the clay fraction (< 0.002 mm) of the
soil is shown in Fig. 5, obtained by X-raying the specimen with solvating by saturated ethylene
glycol.

3. Experimental details
3.1. Ring shear apparatus

In the ring shear test, the Bromhead ring shear apparatus (Bromhead, 1979), with an inner

diameter of 70 mm and an outside diameter of 100 mm, was used to evaluate the residual
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strength. The initial thickness of the annular sample was about 5 mm. Compared to other shear
tests, the ring shear test can better simulate the large one-way displacement of a landslide for
its total magnitude in the laboratory (Vithana et al., 2012). The ring shear apparatus makes the
soil particles be oriented parallel to the shear direction by unidirectional continuous shearing,
which conforms to the actual residual shear strength condition.

3.2. Sample preparation

The remoulded state of the specimen was prepared by adding the distilled water to the air-
dried sample with great care until the water content of the soil sample reached 1.5 times the
liquid limit, following Carrubba and Del Fabbro (2008). Then, the remoulded soil sample was
de-aired in a vacuum chamber to ensure that the sample was fully saturated when placed on the
shear disc. It is noted that extra care needs to be taken when placing the soil paste into the
annular cavity to avoid trapping air bubbles. The remoulded soil sample in the ring shear
apparatus was always submerged in a water bath during consolidation and shearing to maintain
a fully saturated state.

3.3. Overconsolidation ratio (OCR)

Before conducting ring shear tests, the overconsolidation states of remoulded soil samples
(OCR=1, 2, 3, and 4) were artificially created. Note that the actual overconsolidated condition
of the deep-seated sliding zone soil in the field is much greater than the OCR of 4, even one to
two orders of magnitude higher. It is impossible to create such a high OCR in the laboratory,
so four easily available OCRs were selected in this study, following Vithana et al. (2012). To
create different OCRs of 2, 3, and 4, the annular soil samples on the Bromhead apparatus were
firstly consolidated at the desired consolidation stress (See Table 3) until the samples had
reached the end of primary consolidation, confirmed from the deformation-square root time
curve. Next, the consolidation stress previously applied was reduced to the normal effective
stress (on) required for shearing (i.e., 75 kPa or 300 kPa), and this stress remained constant

7
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during shearing. The soil samples were then reconsolidated under the required normal effective
stress for a period of time until the vertical gauge was stable, after which the ring shear tests
were ready to perform. For example, to achieve the consolidation state with an OCR of 4, the
designed consolidation stress of 1200 kPa was first applied to the prepared remoulded sample.
After the samples reached the end of primary consolidation, this consolidation stress was
reduced to 300 kPa, which was the normal effective stress the sample was subjected to during
shearing. When reaching the stable state again, the overconsolidated sample with an OCR of 4
was ready for the ring shear test. For the normally consolidated soil samples (OCR=1), they
were consolidated directly at 75 kPa and 300 kPa without unloading.

3.4. Reactivation tests

Before the reactivation tests, a series of ring shear tests were firstly carried out on the
remoulded soil samples with different OCRs at a given stress to obtain the residual state of
shear and the residual strength in the fully saturated state. All the shear tests were run in drained
conditions, and the excess pore water pressure was assumed to dissipate during shearing.
Therefore, it is important to select an appropriate shearing rate to minimize the variation of
pore water pressure induced by shearing. In this work, the soil samples were sheared at a slow
constant shearing rate of 0.1 mm/min to ensure the drained conditions and avoid possible rate
effects, following Carrubba and Del Fabbro (2008).

In the reactivation test, the previous shearing was firstly stopped, but the sample that had
been sheared to the residual state was still placed in the Bromhead apparatus. As the sliding
body is still subjected to the shear force after sliding in the field (Bhat et al., 2014), during the
rest period, the soil sample was always subjected to the vertical load and the shear force applied
at the end of the previous ring shear test in order to better simulate the field conditions of the
landslide. With reference to the minimum rest time selected in previous studies on residual

strength (e.g., Angeli et al., 1996; Angeli et al., 2004; Stark et al., 2005; Stark and Hussain,
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2010; Bhat et al., 2014), one day (24 hours) was chosen as the rest time in this study for saving
time. It is widely acknowledged that the reactivated residual strength increases with time (Stark
et al., 2005; Carrubba and Del Fabbro, 2008; Bhat et al., 2014). If the overconsolidation effect
on the reactivated residual strength can be observed within a short rest time, this effect will
also exist for a long rest period. During the rest period the readings of two proving rings did
not change, indicating that the shear force did not change in the creep period. This is because
the proving rings used to measure load have a large stored energy. After one-day rest, the ring
shear test was restarted at the shearing rate of 0.1 mm/min. The reactivated residual strength
was captured and measured within a very short time after restart. Shearing then was continued
until the reactivated strength decayed to the initial residual strength again with additional shear

displacements. The details of all the reactivation tests are shown in Table 3.

4. Results and discussion

4.1. Effects of overconsolidation on peak strength and residual strength

Figs. 6 and 7 show the relationship between shear stress and shear displacement of
remoulded soil samples at 75 kPa and 300 kPa, respectively. It is found that the peak strength
(zp) of the overconsolidated soil samples was significantly higher than that of the normally
consolidated soil samples. It should be noted that generally a normally consolidated soil should
have no peak if it is sheared to the critical state (Skempton, 1970), but a peak did occur in this
work, which can be explained by the fact that the normally consolidated sample was sheared
to the residual state. The large gap between the residual state and the critical state highlights
this peak that should not exist. As shown in Fig. 8a, the stress ratio of peak strength to normal
effective stress (zp/on) increased linearly with the increase of OCR. Since the soil sample used
in this study is in a remoulded state, the peak strength only depends on dilation (Schofield,
2006). For the soil samples with higher OCR, they had experienced larger preconsolidation

pressure before, which made the soil particles in the ring become more compact with each other,
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resulting in greater dilation. Note that the peak strength measured by Bromhead ring shear
apparatus is slightly underestimated because of progressive failure (Bromhead, 1979), but the
width of the annulus is designed to be narrow enough to minimize the effect of non-uniform
strain.

As observed from Figs.6 and 7, the residual strength (z;) was constant as OCR increased.
Compared to the residual friction angle of sliding zone soils from the large landslides in the
TGRR (Wen et al., 2007) and other areas (e.g., Bromhead and Dixon, 1986; Vithana et al.,
2012), the residual friction angle of the tested soil is much higher, ranging from 17.7° at 300
kPa to 23.3° at 75 kPa. The peak friction angle of the normally consolidated tested soil ranges
from 22.2° at 300 kPa to 26.9° at 75 kPa, indicating that the soil in this study is typical of a
well-graded soil with less strain softening to the residual state. For such a well-graded soil, the
mechanism controlling residual shearing should be the combination of turbulent rolling shear
and sliding shear, but turbulent rolling shear is the predominant mode (Lupini et al., 1981). At
300 kPa, the shear behaviour would have a greater component of the sliding residual shear
mode in which the particles on the shear surface are orientated, meaning that there will be more
particle orientation (but still not be very complete) and less rolling with slightly more tendency
to sliding. While at 75 kPa, the turbulent rolling shear of bulky particles dominates and the
sliding mode has less impact, giving rise to higher strength (Lupini et al., 1981). Therefore, it
is no surprise that the stress ratios of residual strength to normal effective stress (zi/on) at 300
kPa were all smaller than those at 75 kPa (See Fig. 8b). Two horizontal lines in Fig. 8b suggest
that under the same stress, the overconsolidation, at least up to OCR of 4, had little effect on
residual strength, which is consistent with previous findings (Bishop et al., 1971; Stark et al.,
2005; Vithana et al., 2012).

4.2. Effects of overconsolidation on reactivated residual strength
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In Figs. 6 and 7, a strength gain occurred after resting. The reactivated residual strength
(zrea) increased with the increase of OCR, but it was lost after a small shear displacement.
Following Stark and Hussain (2010), this overconsolidation effect was quantitatively evaluated

by the recovery strength ratio (RSR), which is expressed as follows:

RSR = % X100% (1)

Tp

The value of RSR ranges from 0 to 1 where 0 indicates that the residual strength does not
recover (zrea = 7r ) While 1 indicates that the residual strength is reactivated to the peak strength
(zrea = 17p). The RSR for each reactivation test is plotted in Fig. 9. It can be observed that under
a given stress, RSR shows an upward trend with the increase of OCR, corresponding to the
gradual increase in reactivated residual strength in Figs. 6b and 7b. This suggests that the
reactivated residual strength was affected by the stress history, i.e., overconsolidation, and the
phenomenon of residual strength recovery became more obvious with increasing OCR.

Fig. 9 also shows that the values of RSR at 75 kPa were much greater than those at 300 kPa,
which is in agreement with the previous study by Carrubba and Del Fabbro (2008) that the
increase in reactivated residual strength was inversely proportional to normal stress. This could
be because at a lower stress (75 kPa) during the rest period soil particles originally oriented
parallel to the shear direction rebounded more easily to the state before large shear
displacements (Stark and Hussain, 2010), resulting in a greater shear resistance compared to
previously attained residual strength, while at a higher stress (300 kPa) the soil particles did
not rebound or reorient as easily and so there was a greater alignment of particles with the
direction of shear (Stark and Hussain, 2010). This speculation needs to be proved by using a
scanning electron microscope to observe soil particles at 75 kPa and 300 kPa, respectively,
during the rest period.

4.3. Influence of very coarse sand on overconsolidation effect
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According to the USDA Soil Textural Classification System, the soil with a particle size of
1-2 mm is classified as very coarse sand. In this study, a hypothesis is proposed that the
overconsolidation effect on the reactivated residual strength is largely dependent on the very
coarse sand with the particle size greater than 1 mm inside the soil sample. To confirm this
hypothesis, some supplementary reactivation tests were conducted at 300 kPa on the remoulded
soil samples with the particles greater than Imm removed. The test results, as illustrated in Fig.
10, show that the peak strength gradually increased with the increase of OCR, while the residual
strength was not affected by overconsolidation.

According to the data in Table 4, it is found that the residual strength of soil samples with
particles smaller than 1 mm (95.4 kPa) was slightly smaller than that of samples with very
coarse sand (96.6 kPa), perhaps because the very coarse sand increased the shear surface
roughness, thus leading to an increase of the friction resistance (Wen et al., 2007). It could also
be that the very coarse sand increased the turbulent rolling component of particle motion
compared to sliding.

The overconsolidation effect on the reactivated residual strength of soil samples without
very coarse sand was also evaluated by RSR, as illustrated in Fig. 11. For soil samples with
OCR of 1 and 2, the RSR was zero, indicating that there was no strength recovery over a short
rest time of one day. As the OCR increased to 3, a very small increase in RSR occurred, about
1%. By continuously increasing OCR to 4, RSR increased to 2.9%. For soil samples with OCR
of 3 or 4, the small increase of RSR can be explained by the rebound or reorientation of soil
particles during the rest period. According to Table 4, under the same normal effective stresses
of 300 kPa, for the soil sample containing very coarse sand with an OCR of 4, the RSR of 22.6%
is nearly an order of magnitude larger than the RSR of 2.9% for the soil sample without coarse

sand. The huge difference between the two values suggests that the very coarse sand is the
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dominant factor for the overconsolidation effect, even though it only accounts for about 15%
by weight.

To investigate further the influence mechanism of overconsolidation on reactivated residual
strength, some microscopic observations were carried out on the very coarse sand inside the
soil sample. The images before shearing are shown in Fig. 12a. It can be observed that these
sand particles are different in shape, but most of them have some sharp edges. At the residual
state of shear, 100 particles of very coarse sand below the shear band were collected and
quantitatively evaluated by a Morphologi G3 particle analyzer. Here HS (High Sensitivity)
Circularity and Aspect Ratio were used to quantify the shape characteristics. HS Circularity
was calculated as the square of the ratio of the perimeter of a circle with the same area as the
particle divided by the perimeter of the actual particle image. Aspect Ratio was calculated as
the width divided by the length, where the width and the length are, respectively, the shortest
and longest possible lines of the projection between two points on the perimeter of the particle.
The HS Circularity is 1 for a perfect circle and is close to 0 for a ‘spiky’ object. Detailed
descriptions of these two parameters can be found in Fan et al. (2021). Figs. 12b and 12¢ show
the HS Circularity and Aspect Ratio distributions of 100 particles of very coarse sand in the
form of a scatter plot, respectively. The values of HS Circularity are concentrated between 0.2
and 0.5 and the values of Aspect Ratio are concentrated between 0.5 and 0.8, together
indicating that the very coarse sand particles below the shear band are irregular in shape, and
most of them have a protruding edge.

Consequently, a possibility for the influence mechanism of the very coarse sand on the
overconsolidation effect is that during the rest period the soil samples had slow settlements
(creep), which caused the very coarse sand particles below the shear band to pierce the
preexisting sliding surface by their protruding edges and reduce the degree of alignment and

ordered state.
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5. Conclusions

This study investigated the overconsolidation effect on the reactivated residual strength of a
remoulded deep-seated sliding zone soil from the TGRR, China, by conducting the ring shear
tests. Based on the results of laboratory reactivation tests and the shape analysis of very coarse
sand particles, the following conclusions are derived from this work:

The soil from the deep-seated sliding zone of Huangtupo 1# landslide is typical of a well-
graded soil with a higher residual friction angle that is closer to the critical state with less strain
softening to the residual state. For such a type of fine-grained soil, the effect of
overconsolidation on peak strength was far more prominent than that on residual strength. As
the OCR increased, the peak strength gradually increased linearly, but the residual strength was
not affected by stress history, at least up to OCR of 4. After a short rest of one day, the
reactivated residual strength increased with the increase of OCR under a given stress, but it was
lost after a small shear displacement. The overconsolidation effect on reactivated residual
strength at a lower stress was more prominent than that at a higher stress probably because
during the rest period soil particles originally oriented parallel to the shear direction rebounded
more easily towards the state before large shear displacements at a lower stress.

Very coarse sand with a size of 1-2 mm inside the remoulded soil sample was directly
related to the reactivated residual strength, and the overconsolidation effect on reactivated
residual strength largely depended on these coarse sands. It can be speculated that over the rest
period, the very coarse sand particles below the shear band can pierce the preexisting sliding
surface by their protruding edges under the action of the normal stress and break up the previous
residual state of shear. However, the precise reason why the reactivated residual strength

increases with the increase of OCR needs to be studied further.
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555 Fig. 11. RSR as a function of OCR for the soil samples with the particle size smaller than 1
556 mm under a normal effective stress of 300 kPa.
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581 Table 1. Geotechnical index properties of the tested soil.

Property Value
Specific gravity 2.72
Dry density (kg/m®) 1890
Saturated unit weight (kN/m?®) 22.8
Liquid limit (%) 30.4
Plastic limit (%) 12.8
Plasticity index 17.6

Grain size distribution *

Sand 0.063 — 2 mm (%) 37.1
Silt 0.002 — 0.063 mm (%) 335
Clay < 0.002 mm (%) 29.4

582  *The British Soil Classification System (BSCS) is used for soil classification in the study.
583

584
585
586
587
588 Table 2. X-ray diffraction analysis of the tested soil.

Non-clay minerals Clay minerals

Chlorite/ Montmorillonite
Quartz Calcite Plagioclase Orthoclase Montmorillonite lllite Chlorite
Content (%) 21.4 25.9 15 1.1 7.3 312 6.2(71.4) 5.4

589  *the Montmorillonite content, as %, in the Cholrite/ Montmorillonite mixed-layer is specified
590 in brackets

591

592

593

594

595

596
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597 Table 3. Details of reactivation tests.
Shear
Coarse sand Normal
Consolidation displacement Shear rate
Test content (1-2 effective stress  OCR Rest time
stress (kPa) before (mm/min)
mm) (%) on (kPa)
resting (mm)

R300_1 300 300 1
R300_2 600 300 2

14.8 170.4 0.1 24 h
R300_3 900 300 3
R300_4 1200 300 4
R300_5 300 300 1
R300_6 600 300 2

0 170.4 0.1 24 h

R300_7 900 300 3
R300_8 1200 300 4
R75 1 75 75 1
R75 2 150 75 2

14.8 169.1 0.1 24 h
R75_3 225 75 3
R75 4 300 75 4
598
599
600
601
602
603 Table 4. Test data of the reactivation tests under different experimental conditions.
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604

605

606

607
608
609
610
611
612

613

Reactivated

Peak strength  Residual strength Strength recovery
Test residual strength RSR (%)

7p (kPa) 7r (kPa) Trea - 7r (KPQ)

Trea (KPQ)

R300_1 1220 96.6 99.2 2.6 10.1
R300_2 127.3 96.6 100.4 3.8 125
R300_3 132.1 96.6 102.3 5.8 16.3
R300_4 136.5 96.6 105.6 9.0 22.6
R75 1 38.1 32.5 34.3 1.8 31.3
R75 2 403 32.5 35.8 3.3 42.1
R75 3 426 32.5 37.4 4.9 48.2
R75 4 453 32.5 39.5 6.9 53.9
R300_5 120.3 95.4 95.4 0 0
R300_6 125.1 95.4 95.4 0 0
R300_7 1304 95.4 95.8 0.4 1.1
R300_8 134.8 95.4 96.5 11 2.9
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