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Evaluation of Internal Damage Law of Concrete under Coupling Action of
Sulfate and Dry-Wet Cycles by the Relative Method
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Abstract: Relative method is a simple way to determine the internal elastic modulus and strength of composite
material layer by layer. This method is applied in the field of concrete materials in this article, on the basis of
measuring the dynamic elastic modulus of each sample before and after milled from the outside to the inside,
dynamic elastic modulus of different gradient damaged layer inside concrete samples are calculated by using the
theoretical equation of relative method. Furthermore, the internal damage laws of concrete under coupling action of
sulfate and dry-wet cycles are studied. The results show that the internal dynamic elastic modulus of concrete outside
to the inside layer decreases with the increase of erosion depth, the concrete will take place the inside-out destruction
step by step; With the extension of the cycle of wet and dry, the dynamic elastic modulus variation curves of each
damaged layer inside the concrete specimens are starting with a higher starting point at first, then decreased to some
extent due to experience the sulfate attack, and began to pick up after experienced a certain number of dry-wet cycles.
The depth of erosion layer can be obtained corresponding the lowest value of wet and dry cycle numbers; The
dynamic modulus of internal concrete with mineral admixtures is less than that of benchmark concrete, which
indicates that the incorporation of mineral admixtures add the damage rate of concrete under the action coupling of
dry-wet cycles and sulfate erosion. In this study, the relative method is used to measure the internal dynamic elastic
modulus and strength of concrete, which provides a new way to evaluate the internal mechanical properties and
durability of concrete under coupling action of sulfate and dry-wet cycles, and has a certain theoretical and practical
significance for practical engineering.
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Fig.1 Schematic illustration of the relative method
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Fig.2 Schematic illustration of cross-sections of beam specimens with single-face coating
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Fig.3 Concrete block grinding layer by layer
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Project GB175—1999 Actual level
HUAf7 3 F (MPa) 3 K (3Days) >4.0 4.0—4.8
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LR 58 (Mpa) 3k (3Days) >21.0 23.0—26.0
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Tab.2 Performance index of sand

FWEE (ke/m®) SRE (%) YHRERA A& G
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Tab.3 Performance index of crushed aggregate
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1598 2719 0.5 2.83

(4) WK
e REAEBE AP T R B

(5) A3
B REERHE T A BR A A A P21 pk-3 8 R K Z 271«
(6) K

ARG T B FH AR B SRR s e i B A VR VA 7RI KR B R B ek A B R

55 sl B AL 1) 25 TR K
(7 AR

WA AR AP I i & B > F 99.0% 1) AR 4y AT ek 7], #F A [ Ax
GB/T6009-2003 [ER, 43 F2N NaxS04, HIXF /3 F &N 142.04.
2.2 RBECEH

N SR SR P AR 635 BRI STV 41 0 YR Mt A B ) T 7 VR - A —
HARLALL, Horp PO N, ABEMBFEL: PLONH MR K Z B RS L, AR
G 4.

4 RBEEIEE

Tab.4 Mix proportions of concrete

e Kk K 3 fa ik koK
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kg/m? kg/m? kg/m? kg/m? kg/m? kg/m?
P1 270 141 929 800 55 80
PO 405 141 929 800
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Tab. 5 The sample number and serial number

fit 4 L . L i .
) HE i LS
ik
1 3 P1-1 (2. 3)
1 3 P1-15-1 (2. 3)
1 3 P1-45-1 (2. 3)
P1
1 3 P1-75-1 (2. 3)
1 3 P1-90-1 (2. 3)
1 3 P1-105-1 (2. 3)
1 3 P0-1 (2. 3)
1 3 P0-15-1 (2. 3)
1 3 P0-45-1 (2. 3)
PO
1 3 P0-75-1 (2. 3)
1 3 P0-90-1 (2. 3)
1 3 P0-105-1 (2. 3)
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Fig. 9 Dynamic elastic modulus tester
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Fig.15. The dynamic elastic modulus curves with depth of natural storage group sample
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Tab.6 Dynamic elastic modulus of each depth layer in concrete sample

A IR (GPa) A IR (GPa)
RS B TR B0
PO P1 PO P1
1 82.79 96.67 1 89.72 82.76
2 77.56 77.24 2 79.84 76.30
15 45
3 77.73 74.59 3 76.91 74.99
4 72.36 74.62 4 69.94 67.06
) HRMERE (GP PR (GPa)
RS BUE TR B
PO P1 PO P1
1 90.63 88.26 1 85.57 85.25
2 86.16 70.04 2 92.62 79.87
75 90
3 79.73 73.21 3 70.58 81.79
4 71.28 69.16 4 71.41 67.82
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Fig.16 The change of dynamic elastic modulus curve Fig.17 The change of dynamic elastic modulus curve
with cyclic number (layer-1) with cyclic number (layer-2)
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Fig.21 The dynamic elastic modulus curves of each layer with cycle number (P1)
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