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Influence of desert sand on axial compression behavior of concrete
under freezing and thawing environment

LIU Haifeng, MA Yingchang, ZHANG Runqi, SHAO Wei, MA Jurong

(School of Civil and Hydraulic Engineering, Ningxia University, Yinchuan 750021, China)

Abstract: To study the influence of desert sand on the frost resistance of concrete, the compression strength
experiment of desert sand concrete after freezing and thawing test was carried out by rapid freeze-thaw method. The
stress-strain curves and failure characteristics of desert sand concrete after different freeze-thaw cycles were
obtained. The variations of surface damage characteristics, mass loss rate, dynamic elastic modulus loss rate, and
ultrasonic wave velocity loss rate of desert sand concrete were analyzed. Experimental results show that with the
increase of the number of freeze-thaw cycles, the mass loss rate of desert sand concrete had little change; the
dynamic elastic modulus loss rate, ultrasonic wave velocity loss rate, relative peak strain, and ultimate strain
increased ; the relative peak stress and transverse deformation coefficient declined; the elastic modulus increased
firstly and then decreased. With the same number of freeze-thaw cycles, the dynamic elastic modulus loss rate,
ultrasonic wave velocity loss rate, and relative peak strain of desert sand concrete were less than those of ordinary
concrete. However, the relative peak stress, transverse deformation coefficient, and elastic modulus of desert sand
concrete were higher than those of ordinary concrete. On the basis of the uniaxial compression constitutive model of
concrete put forth by Guo Zhenhai, the equation of stress-strain full curves was formulated. The influence of freeze-
thaw cycles on the control parameters of stress-strain curves was analyzed, which can be applied for the frost
resistance analysis of desert sand concrete structures.
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Fig.1 Appearance contrast between medium sand and desert sand
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Tab.1 Properties of fine aggregate
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Fig.2 Gradation curves of fine aggregate
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Tab.2  Mix ratio of concrete

[ PR FR BT i/ (kg - m™?)
w W ARER URR
H YR A AR L e
K I H ) 7K K 7K mm N %  FE/MPa
L#/% KOF METF KSR WED
Fo1 0.5 0 195 390 826 354 635 0 0.37 147 3.1 41.2
FO4 0.5 50 195 390 826 354 317 318 0.62 152 2.9 43.1
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Fig. 3 MTS microcomputer control electro-hydraulic servo universal testing machine
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Fig.4 Appearance characteristics of concrete before and after freeze-thaw cycles
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Fig.8 Failure process of ordinary concrete under axial compression
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Fig.9 Failure photos of desert sand concrete and ordinary concrete under axial compression before and after freeze-thaw cycles
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Tab.3  Uniaxial compressive strength of concrete before and

after freeze-thaw cycles
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Fig.19  Fitting of stress-strain curves of concrete before and after freeze-thaw cycles
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Tab.4  Control parameters A and a of stress-strain curves of concrete
Pl S5 HXFREL R
RRMEER UL A a A a
FO1 Fo4 FO1 Fo4 FO1 Fo4 FO1 F0o4
0K 1.810 0 1.790 0 3.350 0 2.860 0 0.997 4 0.998 1 0.938 1 0.970 5
25 K 1.810 0 1.840 0 3.370 0 2.120 0 0.996 2 0.998 8 0.907 1 0.986 2
50 K 1.120 0 1.600 0 3.580 0 3.650 0 0.988 4 0.9819 0.979 5 0.977 1
75 K 1.270 0 1.520 0 4.2200 3.5200 0.990 2 0.992 1 0.980 5 0.964 2
100 X 0.800 0 1.490 0 3.840 0 3.740 0 0.994 1 0.989 3 0.961 3 0.963 1
125 K 0.250 0 0.400 0 3.840 0 3.8100 0.971 3 0.979 4 0.958 8 0.967 9
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Fig.20  Relation between dynamic elastic modulus and peak
stress
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Fig.21  Relation between ultrasonic wave velocity and peak

stress
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