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Mechanical property deterioration model for concrete
in environment with salt solution
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(1. Research Center of Geotechnical and Structural Engineering, Shandong University, Jinan 250061, China;
2. Engineering Consulting Co., Ltd. of Shandong Luqgiao Group, Jinan 250014, China)

Abstract: Based on the dry-wet cycling experiment of concrete and micromechanics, the study of mechanical properties of concrete
in seawater erosion is carried out. In the aspect of dry-wet cycling, by accelerated corrosion test method, the experiment of concrete
specimens and mortar specimens which are made according to the ratio of concrete, has been completed after 0, 10, 20, 30, 40 and 50
times dry-wet cycles. Under the influence of seawater erosion on the concrete, its compressive strength is tested, together with the
tensile strength of concrete, elastic modulus and stress-strain relationship, using the large static-dynamic triaxial test system for
concrete. According to the theory of micromechanics, the concrete test block is numerically simulated on meso-level. Considering
various components, the material nature of its components is assigned in accordance with the Weibull distribution. In order to reflect
the influence of seawater erosion on the concrete, the strength and elastic ratio of mortar specimens are assigned according to the
result of dry-wet cycling experiment. Finally, through the analysis and study of the concrete above all, the compressive strength
reduction model, the tensile strength reduction model, and the elastic ratio reduction model, are determined with the change in the
number of dry-wet circle.
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Table 1 The gradients per cubic meter air-entrained

concrete
Mk 6124 MEL 6124
WIB 0.34 WA/ kg 938
7KIe/ kg 164 K/ kg 155
Wk ke 212 WHIKF kg 4.47
W HEIR) kg 94 FHABH/ kg 6.0
W/ ke 737 5157/ kg 0.0118

#£2 ANTHKHE SR

Table 2 Preparation of artificial seawater composition

RARUF KT RIS B & N K& i
121y /(g/L) /(g/L)
NaCl 21.00 105.00
MgCl, 2.54 12.70
MgSO, - 7TH,0 1.54 7.70
CaSO0; - 2H,0 2.43 12.15
CaCO; 0.10 0.50
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Table 3 Tensile strength of concrete after various cycles
of dry-wet cycling in experiment

FUAER L BUprih g/ MPa
s Wk 1 Wk 2 R 3

0 5.95 5.23 5.37

10 5.10 4.28 4.53

20 4,51 4.13 4.77

30 4.08 4.40 3.86

40 3.48 3.43 3.79

50 2.97 3.56 3.18

(@ (b)
B 1 KR ERE R R R R
Fig.1 Failure form of concrete under unaxial
splitting tensile after dry-wet cycling
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Fig.2 Curves of stress and strain of concrete after
various cycles of dry-wet cycling in experiment
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Fig.3 Failure form of concrete under unaxial
compression after dry-wet cycling
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Table 4 Mechanical parameters of Weibull distribution of
concrete specimens

s HRE AR R SR S E B m
/ GPa / MPa
okt 32.0 500 3.0
(¥4 11.4 215 1.5
i g 22.0 200 1.5

h T S I K AR A PR B L RE IR R,
AR I B e A 3 XA 54T T 104 20, 30, 40,
50 XIS, (e RAGER S 73 AT T8
BT DARNC s LS R R S S K0 VA 2N 7
FEat AR . RIS (20, (3) 193] THUE
RALA IS A0 37 ST AE. Weeibull 43 A7 W AR ST () e A
AR EERIAIME, WK 5.
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Weibull 537 }1%# 24
Table 5 Mechanical Parameters of Weibull Distribution of
mortar after various cycles of dry-wet cycling

RRUZLEIN/C (G iR e SR JE

, YIJRE m
/R / GPa / MPa

0 12 215 1.5

10 114 208 1.5

20 10.5 201 1.5
30 9.5 194 1.5
40 8.7 185 1.5
50 8.1 173 1.5

—=0.2602Inm+0.0233, (1.2<m=<50) (2)

=}

F
F
E
E—=O.141 2Inm+0.647 6, (1.2<m<10) (3)
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Fig.4 Uniaxial tension damage constitutive relation
for mesoscopic element
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Fig.5 Uniaxial compression damage constitutive relation

for mesoscopic element
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Table 6 Tensile strength of concrete after various cycles
of dry-wet cycling by calculation

TRRAGERREL Bihis g/ MPa

27N ik 1 ik 2 i3
0 5.47 5.83 5.26
10 5.24 4.67 4.83
20 438 4.95 477
30 4.02 3.77 435
40 3.17 4.15 3.62
50 2.85 3.28 3.54

y -

B 6 WKRMEREET IR ARSI
Fig.6 Failure form of concrete under unaxial
splitting tensile after dry-wet cycling
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Fig.7 Curves of stress and strain of concrete after various
cycles of dry-wet by calculation
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Fig.8 Failure form of concrete under unaxial
compression after dry-wet cycling
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Fig.8 Concrete tensile strength versus the
dry-wet cycling N
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