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EXPERIMENTAL STUDY ON ELASTIC MODULUS OF CONCRETE
UNDERGOING FREEZE-THAW CYCLE ACTION WITH DIFFERENT
ULTRALOW TEMPERATURE RANGES

SHI Xu-dong , LI Ya-qgiang , QIAN Lei, LI Jun-lin , WANG Wen-qgiang

(Department of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Through experiments of concrete experiencing freeze-thaw cycle action with three typical ultralow
temperature ranges of 10°C~-40°C, 10°C~-80C and 10°C~-160°C, the effects of different temperature ranges
and freeze-thaw cycles on concrete elastic modulus are investigated. The test results show that with increase in the
freeze-thaw action cycles the concrete elastic moduli at upper limit temperature are decreasing due to damage
accumulation from freeze-thaw cycle action, and their changing trends are most obvious for the temperature range
of which the lower limit temperature is lower; the concrete elastic moduli at lower limit temperature increases first
due to freezing of the pore water inside concrete and then decreases with increase in the freeze-thaw action cycles,
and their changing ranges are greater than those at the upper limit temperature. The concrete relative elastic
modulus difference, single freeze-thaw softening index, and cumulative freeze-thaw softening index of concrete
relative elastic modulus at upper and lower limit temperatures for different temperature ranges, are obviously
different and their variation regularities are also more complex. The test results also reveal the relationship

between the concrete relative elastic modulus and the factors of temperature range and freeze-thaw action cycles
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under ultralow temperature. These results can provide reference for the design and safety performance evaluation

of the LNG storage tank.
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Fig.1 Flow diagram of softening behavior experiments for

elastic modulus of concrete undergoing freeze-thaw action

under ultralow temperature
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Fig.2 Test setup for elastic modulus of concrete
undergoing freeze-thaw action under ultralow temperature
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Table 1 Mix ratios of specimens

T X (] K w wa KW S
10°C~-40TC 300 698 1047 152 150 5.85

10C~-80C 300 698 1047 152 150 5.85
10°C~—-160°C 340 780 1034 167 30 5.55

/(kg/m®)




108 T 1%

¥

2 IR 2 AN AL IX R VR A A AR
AR a2 e ok gm 5. Horp, k4R 5 4 DR
TN RRMIGIER; 40, 80 & 160 43 HFRR
XT8R2 R A0 PR FH i B2 X 8] 1Y) T PR iR 2
—40°C. —80°CHI-160C; KFHZ & Ml iR AE -7
KR W HI+10 Ko R G E F LR X (A1)
PR o X LA IR P X R] ) PRI B YL 10°C
B A 1 B M o 25 8 T A A 3 s A
i o WIHTESS @ IRE X A2 ) B PR B T
B il P58 T e T P A P (] 2 02 e P PR A B 3
N 1 RHERIRRRMERMER, R R B IR
FEREZ R BRI EEICAE 0.5 IRUERMIEIAER o

2 REABRRERAGERES

Table 2 Experiment contents and specimen numbers

NS Ny TIC) Nk No  TI(C)
WX E 10C~ -40°C
DR40W+10-13~14 0.5
DR40W+10-15~16 1.5
DR40W+10-17~18 3.5
DR40W+10-19~20 6.5
DR40W+10-9~10 10 DR40W+10-21~22  10.5
DR40W+10-11~12 15 DR40W+10-23~24 155
MR FEX ] 10°C~—80°C
DR8OW-+10-1~2  10.5
DR8OW+10-3~4  20.5
DR8OW+10-5~6  25.5
DR8OW+10-7~8  30.5 —80
DR8OW+10-9~10  58.5
DR8OW+10-11~12 0.5 DR8OW-+10-23~24 10
DRSOW+10-13~14  45.5 DR8OW+10-27~28 0
WEJE XA 10C~-160°C
DR160W+10-1~2 0
DR160W+10-3~4 5
DR160W+10-5~6 10
DRI60OW+10-7~8 15 10
DR160W+10-9~10 20
DR160W+10-11~12 25
DR160W+10-13~14 30
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DR40W+10-1~2
DR40W+10-3~4
DR40W+10-5~6
DR40W+10-7~8

AN W = O

DR8OW+10-15~16  40.5
DR8OW+10-17~18 355 80
DR8OW+10-25~26 5.5
DR8OW+10-19~20 25

DR8OW+10-21~22 15
10

DR160W+10-15~16 25.5
DR160W+10-17~18 20.5
DR160W+10-19~20 15.5
DR160W+10-21~22 10.5 -160
DR160W+10-23~24 5.5
DR160W+10-25~26 0.5
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Table 3  Test results of elastic modulus of concrete undergoing
ultralow temperature freeze-thaw cycle action

BT R AR ETHIRA
RS Xof B A B RS oA
FIME “FME
W REX ] 10°C~—40°C
DR40W-+10-1~2 1.00 DR40W+10-13~14 1.19
DR40W+10-3~4 0.94 DR40W+10-15~16 1.26
DR40W+10-5~6 1.05 DR40W+10-17~18 121
DR40W+10-7~8 0.91 DR40W+10-19~20 1.24
DR40W+10-9~10 0.81 DR40W+10-21~22 1.29
DR40W-+10-11~12 0.89 DR40W+10-23~24 1.26
WE X E 10°C~ -80°C
DRSOW-+10-1~2 1.55 DR8OW+10-15~16 1.12
DRSOW+10-3~4 131 DR8OW+10-17~18 1.30
DR8OW+10-5~6 1.46 DR8OW+10-25~26 1.60
DR8OW-+10-7~8 135 DR8OW-+10-19~20 0.90
DR8OW+10-9~10 0.81 DR8OW+10-21~22 1.00
DR8OW+10-11~12 1.18 DR8OW+10-23~24 1.01
DR8OW+10-13~14 1.12 DR8OW+10-27~28 1.00
XA 10°C~~160°C
DR160W+10-1~2 1.00 DR160W+10-15~16 1.45
DR160W+10-3~4 - DR160W+10-17~18 1.32
DR160W+10-5~6 1.18 DR160W+10-19~20 1.48
DR160W+10-7~8 1.01 DR160W+10-21~22 1.42
DR160W+10-9~10 0.98 DR160W+10-23~24 1.59

DR160W+10-11~12 0.86
DR160W+10-13~14 0.73

DR160W+10-25~26 1.23
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Fig.3 Softening regularities of normal temperature based

i IREX 810 C~—40C
b

:

FE T TR X B A

relative elastic modulus of concrete undergoing freeze-thaw
cycle action with temperature range from 10°C~—40°C
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Fig.4 Variation regularities of concrete relative elastic
modulus difference between upper and lower limit temperature
with freeze-thaw temperature range from 10°C~—40C
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Fig.5 Variation regularities of single freeze-thaw cycle
softening index of concrete elastic modulus at upper and lower
limit temperature with temperature range from 10°C ~—40°C
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Fig.6 Variation regularities of cumulative freeze-thaw cycle
softening index of concrete elastic modulus at upper and lower
limit temperature with temperature range from 10°C~-40°C
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Fig.7 Softening regularities of normal temperature based
relative elastic modulus of concrete undergoing freeze-thaw
cycle action with temperature range from 10°C~-80C
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Fig.8 Variation regularities of concrete relative elastic
modulus difference between upper and lower limit temperature
with freeze-thaw cycle temperature range from 10°C~ —-80°C
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Fig.9 Variation regularities of single freeze-thaw cycle
softening index of concrete elastic modulus at upper and lower
limit temperature with temperature range from 10°C~-80C
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Fig.11
relative elastic modulus of concrete undergoing freeze-thaw
cycle action at temperature range from 10°C~—160C
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Fig.12 Variation regularities of concrete relative elastic
modulus difference between upper and lower limit temperature
with freeze-thaw cycle temperature range from 10°C to —160°C
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Fig.13  Variation regularities of single freeze-thaw cycle
softening index of concrete elastic modulus at upper and lower
limit temperature with temperature range from 10°C~-160C
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