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EXPERIMENTAL ANALYSIS ON PROPERTIES OF CONCRETE AFTER
FREEZE-THAW CYCLES UNDER EXTRA-LOW TEMPERATURES

: 1 o 12 -1
WEI Qiang , XIE Jian ", WU Hong-hai
(1. Department of Civil Engineering, Tianjin University, Tianjin 300072, China;

2. Key Laboratory of Coast Civil Structure Safety, Ministry of Education, Tianjin University, Tianjin 300072, China)

Abstract: With the cooling system of a low-temperature refrigerator and an extra-low temperature loading box,
the freeze-thaw cycle test was carried out for 63 cube specimens and 21 pull-out specimens under different levels,
different cycle times, different temperatures and different water contents. Though the test, the influence factors
about the strength of concrete and the bonding strength between reinforcement and concrete were studied. Besides,
the SEM test was carried out to reveal the damage of microstructures after the freeze-thaw cycles. The results
show that: the strength of concrete after freeze-thaw cycles is affected by the water cement ratio obviously, and
adding super plasticizer will improve the resistance ability of freeze-thaw damage; with fewer times of
freeze-thaw cycles, the influence of strong concrete is not obvious; there is more reduction in tensile strength after
freeze-thaw cycles than that in compressive strength; the test of SEM explains the microscopic mechanism after
cycles effectively; the bonding strength between reinforcement and concrete has a significantly reduction after 5
freeze-thaw cycles.

Key words: ultra-low temperatures; freeze-thaw cycles; concrete; reinforcement; strength; bonding properties
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Table 1 The mix proportion of different concrete grades

BT Kikg Kie/kg W1 /kg i T /kg
C30 199.3 407.3 587.2 1256.2
C40 199.3 498.2 491.4 1261.1
C60 140 569 487 1254

I RS (U IR s KRR A P
5 J77%) GBI 82-85 LK e T ANV EE 25
AN VR R AN TRIAIE B BRI ] 75 7K S 0] Vi gt
BRI SR N o AR AT R R R RS
Tl 10 K, Ak B KRS T B RIR S
R AEK U 173 Rl 7 58 0 2 2% [ P 470 SR G T B A il X
TR R B AR (s, S 3 WA EAL 121,
B 63 M. T4, b T LIRS CREE T+
VRRIIR ORI LR, 0 5 10 I 1R vk et 1l i
PR AHURESEAT SEM FL 6 .

1.2 BRE&KREES

B 2% WOCR[16], ZEMEANTRESR .

T EAE R, W T AR R A
R RE, W 1 ATRILE 4h PR PRIR
Al =170 CIHHEE 0°C o HI/K 7 IR EE AR AE
I TR K 4d, ST S BRI, BRI e S,
BAR B A KR4T[R 48h LA R AE % 0135 2%

s PR N ORAE K T 22 A Nt 3R T 20mm;
IR IR L RO B, BEEIRE
WSS, BT RN 48h. B FE o — IR Rl
MR o ARAEARI T S AR, BEAT A R KR ) 5 il
fa3h.

20

0

-20f

40 f
o -60f
= 80
=100
—120f
—140
~1604
180

.20 40, 60 80,100 120, 140,160 180, 290‘20‘ 240
Ff 18] /min,

i3

K1 SRR T h 2k

Fig.1 The temperature curve of specimen in room temperature
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Fig.2 Comparison of C30 concrete surface damage
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Fig.3 Comparison of C60 concrete surface damage
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Table 2 Strength characteristic value of concrete test block after freezing and thawing

Wilkee Vil (EEN bk PUERGREE ihr BrhramgE a3
FAREE/(C) RE i /MPa AHX R S EE/MPa AHRHE J5 ik
20 ¥ 29.7 1.00 1.7 1.00 bRt
30 —40 10 26.2 0.88 1.7 1.00 WK
-80 10 342 1.15 / / T
-80 10 21.9 0.74 1.0 0.59 K
20 G 49.2 1.00 2.4 1.00 IaRG"N
-40 10 42.7 0.87 / / WK
C40 -80 10 38.9 0.79 1.7 0.71 K
-120 3 47.6 0.97 1.6 0.67 K
-160 3 44.7 0.91 / / K
20 G 51.8 1.00 32 1.00 IR
-40 10 533 1.03 32 1.00 WK
C60 -80 10 54.5 1.05 2.9 091 WK
-120 3 57.8 1.12 33 1.03 WK
-160 3 46.7 0.90 2.8 0.88 K
20 G 74.0 1.00 / / PRUES
C60
-80 10 72.0 0.97 / / A
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Fig.5 Microstructure comparison of C30 concrete before and

after freezing and thawing
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Fig.6 Microstructure comparison of C40 concrete before and
after freezing and thawing
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Fig.7 Microstructure comparison of C60 concrete before and
after freezing and thawing
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Table 3 Pull-out test scheme after freezing and thawing
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Fig.10 Load-slip curve of pull-out specimens
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Table 4 Bond strength characteristic values of pull-out
specimens after freezing and thawing

“ VEEARLAT 48/ T YRR SRS/ RHORE 1 ARSI TSV 7/

434

kN MPa PR R EL mm
14l 40 17.41 1.00 1.97
Wodl 393 16.30 0.94 2.51
W34l 367 15.20 0.87 1.71
Hadl 360 14.92 0.86 1.61
Hsal o 360 14.92 0.86 2.06
Hedl 340 14.09 0.81 1.47
HT4 443 18.37 1.06 2.30
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Fig.11 Peak load of specimens after three times or five times’

freeze-thaw at different cyclic temperature
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