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Mechanical Property Deterioration Model for Concrete in
Environment with Freezing-thawing
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Abstract: Based on the freezing-thawing test and micro-mechanics of concrete, the mechanical
properties of concrete after freezing-thawing were studied, and the strength reduction model and
elastic modulus reduction model were built with the changes of freezing-thawing cycles of
concrete. In aspects of freezing-thawing test, the compressive tests of concrete specimens and
mortar specimens which were made according to the ratio of concrete suffering 100, 200 and 300
cycles of freezing-thawing were completed. Using the large static-dynamic triaxial test system for
concrete, the influences of cycles of freezing-thawing on the compressive strength of concrete,
elastic moduli and stress-strain relationships were tested. In aspects of micro-mechanics,
examination of the concrete specimen was numerically simulated. To consider the non-uniformity
of the various components, the nature of the material of the various components was assigned in
accordance with the Weibull distribution. In order to reflect the impact of freezing-thawing to
concrete, the strength and elastic modulus of mortar specimens were both assigned according to
the results of mortar freezing-thawing test. The results show that this method can offer

references for further research on deterioration mechanism and calculation model of reinforced
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concrete structures in actions of freezing-thawing cycles.

Key words: concrete; strength reduction model; freezing-thawing cycle; mesoscopic numerical

simulation; mechanical property

0 51 F

TR EE T 2 URAE G D) = MR RR A 103 1k
A, A R TRLE T M 1 SRR ke Bk L X TR
T BRI AR T R MOk R . H AT OC TR BE
+ G VR RAE S (9 24 R I AF 5% 2 A vh TR
- VR AT B 5 T R TR B A0 R g 2 X TR
- A B S BT P R R DA G HRE . B
PERETE ML B B 55 3 1) 10 T & R L R KT A 1 4
BUR 1= 7 T SR P N~ A % S B W g

25 ] 2 5 E TR E 1 R il a0 R TR B 1 A UL ) 2
J5 H R O AR T R SCERC L ]~ [4 ]
T 3 VR AR PR . AR RE I B L AR ) A G A B T
FE T VR AR R 8 = 0 P AR 0 R (H R A
HEATBUE S A 5 Tl 5T . SCERCS 2 b TR )
SIS B AN [F D J A0 05 2 80 A Tl 2808 2R B
RN CRIRISIAL TN 37N = WO & 41 DAk AL
PRUT T YRBE 1 7 00 g 2% 1 fig Cn o 78 454k Fn 5 Jik 45
PO B AL . SCERLE6 T AR T 8 1% S5
(8 BE DL 43 A13 Xof T B 3K 2 WL 38 Ak ) 2 M T 1) 5
Mo DA b5 2 B A R R R R 43 B 45 A R R
LA 38 o 20 W0 E (43 B BIF 90 R BE T 32 VR Rl
AL

AR SR T A TR R A R R B X A O ) 2
GINTES B A IR I AE VRl PR B R TR BE LA Ty 2
PERE 1Y 25 AL LA | S 4 T A AL 50 R (BT A 1 N 45 4
) ) 2E BRI AL R B0 1 A L X 0 T HR E O
AR S B R A 4

1 FEtie

L1 REMERESLL

HEAT VR R0 R B LR FTE A LR B
T R B N BB 45 44 TR B 1 0 TiE G Fo TG 1 7 sk 1 » 1 AT
SREE 43. 2 MPa, X F — A% 25 100 mm X
100 mm X100 mm, > #B4r >~ 100 mm X 100 mm X
400 mmn (N 328 TR B 4= 37 5 (K 40 He 5 B8 0 05 1 A8 o
R o PR R PO AR AN ALY L 24 h IS B2 K i
AR, R 1 NIREEERBE A .

HEAT R Rk g 0 R R — R AR R
100 mm X100 mm X 100 mm , H LA b DL 2 i

*x1 RBELHESAL

Tab.1 Mix Ratios of Concrete 3

kg * m™

IRUE |00 | BB | Bb T | B | K| UK | BB | 5IAR

164 | 212 94 737 | 938 |155| 4.47 6.0 |0.0118

B TR BB 3 1 At 2 A B AR TS B B
1.2 i EHmERKR

AR SC TR E - VR il A0 B3 56 4 R 5l R B
I P e A AP B ISR U7 5 ) (GBJ 82—85) Hi iy
PR R T LR R R AR PR N AE 2~4 h 58
J% s v T il A B ) AS A5 /0N T AN VR il B TR Y
/4, FEGRES @A 2T i 0 v s 8 BE B 40 1) 45
WIFE(—17+2) CHI(8+2) Cliffr., IREEL 12
P BB 1 20 A 7E AL = b Hl YA R B AL b 58 Y
T30 B K 31 2 2R AR B B AL 1 o A I XA o 2%
T 55 100 28 AR 2 ) R B JEE 5 i D PEE B RL SR 98 )
WA . AR 002 ARG 3 AN R S R B
B B RO R T BE A S DL SR B 1) 58 R 1
1 IR AF RS2 0 TR ) A RN S 2 T LB 2

FE U R 45 2 AE R TR R A i Bl R [ R
TG PR U B A i I -0 AR i 2 an 1B 1 B R L TR
3R B A7 R IR LA B 2.3 IR .

2 HYEEHR

2.1 REMET

S TR EE T AT 24 T REPA BRI %K
AR BE 10 o o B R 3 i ek LA B A = ] S
TR = F SRR T 5 A AL A9 AR 2
SIVE A5 AL SO B4 B IR 5 2 I Weibull 23 A ok T
H. HIE.H 1A Weibull 73 fi o ik H& Al 1R 19
FARE 23 A1 33K A 25 T A D 36 8 Bl F i
4 3 2 P o 2 5 LS A B A K PR RS SR AR 1) 2 R A
— B0 AR A L AR %R B PE RS R RHBURL  REPA
b2 B S8 R R RO A B ST L
FARLI 12280 BRSSO A1) 22 1
Z R I 0] T T TR O L BB A SR AR X T
SR e R A O B B e . B RS
WS IRIRBE 1 BC A L ARG 0 A 1 R Rl 73X



64 EHAFE TRFHR

2009

601

—— O VR L1
........... 100K ¥ il 7 21
- — = 2007K ¥ il 1 21
< aof - == 300K ¥ Rl 1§ BF
E TN
3 -~ A ~\\\
2 .
# 99 Ne
..... N
0 L i ‘ :
5 10 15 20 25 30 35
N A5/107°
(a) WRMF41
60 —— O VR b 18
........... 100K ¥ il 7 21
- — — 2007 ¥ il 1 21
- a0l - == 300K I il 1§ R
oy
s | /) e
R
=)
o L L L L L v i
5 10 15 20 25 30 35
N A8/107°
(b) W42
—— O VR A1 3K
........... 1007}(‘/}-}?@&1?@%
- = — 2000 il 5 £
- _= = 300k K R 1B 3T
2
R
&

MAE/107°
(c) RMF43

1 BETKGHRMEN-HEXRMLZE(KRE)
Fig. 1 Relation Curves of Uniaxial Stress and Strain of

Concrete Specimens ( Experiment)
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Fig.2 Failures of Concrete Specimens Under Uniaxial
Compression Before Freezing-thawing Cycles (Experiment)
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Fig.3 Failures of Concrete Specimens Under Uniaxial
Compression After Freezing-thawing Cycles ( Experiment)
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Compression for Mesoscopic Element
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Fig. 6 Failures of Concrete Under Uniaxial

Compression Before Freezing-thawing Cycles (Model)
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Compression After Freezing-thawing Cycles (Model)
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Fig. 9 Relationships Between Concrete Elastic

Moduli and Freezing-thawing Cycles
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