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Experimental study on salt-freeze resistance of hydraulic concrete under tensile stress

Zhan Yunhong' , Qian Wenxun', Shi Yonggang’, Ge Jinyu', Xu Fei'
(1. Materials & Structural Engineering Department, Nanjing Hydraulic Research Institute ;
2. Hubei Shuizong Water Resources & Hydropower Construction Co. , Limited)

Abstract: To investigate the influence of tensile stress on the salt-freeze resistance of hydraulic concrete, salt-freeze tests were
conducted under ultimate tensile stresses of 0%, 30%, and 50%. The mass loss, attenuation of dynamic elastic modulus, and chloride
ion diffusion laws were analyzed, and the damage mechanism was revealed in combination with pore structure evolution. The results
indicate that tensile stress significantly accelerates the deterioration process of concrete. Under ultimate tensile stress of 50% , after 200
freeze-thaw cycles, the mass loss rate of low-air-content concrete specimens increases by 21. 7% ; the relative dynamic elastic modulus
decreases by 35. 5%, and the chloride ion diffusion coefficient increases by up to 47. 0%. Microcracks induced by tensile stress
significantly enlarge the pore size and enhance the pore connectivity. Although increasing the air content can mitigate salt-freeze
damage, the proportion of harmful pores in high-air-content concrete is relatively high, and the superimposed effect of tensile stress may
affect the durability of concrete.
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Table 1 Mixture proportions of concrete samples

it bR R (kg/m)
% K Kl oW BEK B A PE  wukil sl
X-1 158 236 119 40 693 465 696 5.93 0. 040
X-2 155 239 120 40 671 463 693 5.97 0.044
X-3 152 240 120 40 632 462 692 6. 00 0. 048
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Table 2 Workability and 28 d tensile and compressive strengths of concrete

RFES S YHEE/mm TRE % PURBREE/MPa L FRPLAH5R L/ MPa
X-1 215 3.6 47.9 4.53
X-2 210 5.1 41.5 4.79
X-3 210 6.2 38.2 4.31
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Fig.1 Tensile stress loading device
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Fig.2 Mass loss rate under different ultimate tensile stresses
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Fig.3 Relative dynamic elastic modulus under different ultimate tensile stresses
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Fig.4 Water-soluble chloride ion content under different ultimate tensile stresses
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Table 3 Test results of pore parameters of hardened concrete

WOgs  WRRBURIN K/ % &5E/ % TR /mm AR R E B (mm®/mm®) MR B/ mm

0 5.0 126.7 26. 675 0.188

X-1 30 5.1 128.9 26.720 0.179
50 5.6 143.2 29.460 0.172

0 7.2 182.2 27.835 0. 142

X-3 30 7.5 189.8 31.105 0. 126
50 7.8 198.7 31.750 0.122

M3 3 Al DL, B0 xR SE £ AL S RO B2, 2B & PR R R R R R
AR DR I BT R 5l o G DR L0 gV A A TR 5 e P 87 A B 2 R SO AL B, 3 1 <
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Fig.5 Pore structure test results under different ultimate tensile stresses
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Table 4 Proportion of pore sizes under different ultimate tensile stresses

e DRBURLN S ENGEREES R L
g5 o
K-/ % <20 nm 20~<50nm 50~<200nm  =200nm

0 43.3 24.7 15.1 16.9
X-1 30 41.7 24.4 15.0 18.9
50 34.9 27.2 18.0 19.9
0 32.9 18.6 20.0 28.5
X-2 30 31.0 17.8 19.1 32.1
50 26.1 13.2 23.5 37.2
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