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Reliability analysis of fatigue life of self-compacting concrete
subjected to freeze-thaw damage

ZHU Xiangyi', CHEN Xudong', PAN Fan', NING Yingjie’, CHEN Chen'

(1. College of Civil and Transportation Engineering, Hohai University, Nanjing 210098, China;
2. Zhejiang Communications Construction Group Co., Ltd., Hangzhou 310051, China)

Abstract; In order to study the influence of freeze-thaw (FT) damage on the flexural fatigue life of self-compacting
concrete, the four-point flexural fatigue tests at different stress levels were carried out on concrete beams subjected
to different FT cycles, and the Weibull distribution parameters of flexural fatigue life of concrete beams were
obtained by the method of moments. The prediction models for the fatigue life of concrete beams subjected to
different FT cycles under different reliability probabilities were established. Results showed that the probability
distribution of fatigue life for self-compacting concrete subjected to different FT cycles could be characterized by
two-parameter Weibull distribution. The dispersion of fatigue life of self-compacting concrete increased with the
increase in FT cycles and decreased with the increase in stress levels. On the basis of the test data, the P,-S-N
curves of self-compacting concrete were generated, which can accurately predict the flexural fatigue life of self-
compacting concrete subjected to different FT cycles. The safety factor required for the fatigue life of self-compacting
concrete increased with the increase in FT cycles, which indicates that for the self-compacting concrete suffering
from more serious FT damage, a larger safety factor should be adopted to ensure the safe operation of the structure.
Keywords: self-compacting concrete; freeze-thaw damage; four-point flexural fatigue; Weibull distribution;
P-S-N curves; safety factor

F SHREE LAy — M NEE Z LSRR, SEOLISATERE TR 2% 57 Kl 5745
FUR R RERSTE B SMRRUMUR IS OO0 IR RN HDRAEIREE Ll AT A7 iy D4 b 20 A7 205 RS F) — o i
JIPCR , GUSEREE LA, AR SR LA R R SR T B B X R B 4
ﬁ?ﬁﬁ 2 n\iﬂ% KA T2 TR B WAL s 7 ouE e, Rt sz 21 = A 4t
BLTIREH BRES AL WL R B S R 2R A8 ) IZ 500, SCHRE S ] O IR BE L 45 W 7K 2

ﬁié*ﬁ* SR, X LEIRBE A IR B R EE AT A I 2 e A A T R B A e AR
SEAE 5 32 W o7 s AT AR e A AR AE 2 3y SCHRL 6 13k 5 lh e 57 1R, A T VR B i 2

BB 2021-08-11; RABHA: 2021-08-27; M4 E4% HHEA: 2022-11-01

[ 48 B & Mk ; hitps: //kns.cnki.net/kems/ detail /23.1235.T.20221031.1523.002. html

EL£WmAB.: EHEKARPEES (51739008, 51979090) ; i o @A SEASRHI L 45 2% L T %% 4 ( B200202076, B200203058)
YEE R RAER(1990—) 5 WEWFF0AE  RERAR (1985—) , 3, 8% -2 R i

BEEE . BFHRAE, exdongl985@ 163.com



53

RAERL, SF: OREIPERIT B B SR BE L0 55 75 i v] 524k 204 - 119 -

FiAFAAT AT Weibull 504, SCRR 7 ]38 5 A 58 25 i
WO IRGE A2 0 S-V 2 B, A % SR B 1
JiTERENL T IR EE 1

WA e L FER X X SEIR BE 45
B2 B 55 ff 4, I AEAL 222 YRR VE T . oK
B HT L2 i T ALK 2 ok IR BRI K 99 Ze A7 T ™ A
(8 FL B K s 77 BN D 2 TR 5 - Ul A AR 1 A Ji
PR OF ELSCRR[ 9 1 AN SCHR[ 10 ] BF 7245 1 1 235 S5 TR
BE T A PTURELRE 115 TEE IR EE £, UREE MR
Bk B 4540 a R AT LA 3R O B 2 i R ALY B T
I RN TR A A O A AN B A Y o
O NTTES == ST 2 R RILEY/ A e e L E R 30
A8 SRR e R B b 3R T 4530 T SR BoK e ik
BT A G A e R R T IR 14
AR R 2 SRR 57 fif B A 55 73 . DAL, W5
VRRIAG IR 57 155 B 5V T XHRBE - 25 Fy e 55 77
AR SCE R, AR, H T P A B A R 4
P B OB LB AR R 2 | S B N A A ) 22
SRR T TR BE A8 55 far 2 A N B9 55 7 i o
A KU 3 57 7 i D A58 250 S 82 55 745 il vl S PEAE R
AR AT AE

BEOXE bR [l AR SO0 2832 A [ R I 265 1
FI 3 SR BE TR BT T AR B 1K A DY
i, IR Weibull 73 A #5488 80 08 1R 35 £ ad
He ity ih 5 55 75 i o A LA HEAT 00T, SL 22
[ R Rl A1 0 PR 35 L SR A AR [) T SE PEAE 1
W55 77 TN | Sy 2 PR iR 5 + 45 F 1) e A 4
TEVFAG S e 4%

1 ® %

1.1 i EHRE

Bes A % IR EE LY i i R s . 1) B
BRIHEOK IR AR PR P - O 42.5 R Rk R R K
T, B E A KT 0.60% , %54 3 150 kg/m’ ;2) #E
BEABEREAT RAT iR ] 5~ 19 mm ST, 401
BRI | A T B BE TS b5 L3R 153) ik KA
FIRREIR ;4 ) P 5 B AT PR 7 A2 7 1 R IR = &
WOKF , 5 [k 30% , KR A 35%, H SR EE
Frokie K R AR RELE R0 RE ISR R
AIBCA HE A 385 1 200 ¢ 139 : 26 : 800 : 1 018 = 7.5,
HARI R YK K E A 0.519, [ 25 S2TREE - /035
AR N 705 mm, ] Y JREEN 690 mm,, RS, )
FHEE AL B Pe 1 B R F 28 400 mm x 100 mm X
100 mm ¥ FH % SR EE Tk, Frf R EE e 58
B 24 h SR ARG AE 20 °C £2 °C \RH>90% FAR i
Fepra et 28 d JR TGRS

®1 BRPYEEESH
Tab.1 Physical property parameters of aggregates
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Fig.1 Four-point flexural test setup
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Tab.2  Four-point flexural strength of concrete beams subjected

to different FT cycles
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Fig.2  Typical stress-strain curves of self-compacting concrete

subjected to 150 FT cycles
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Fig.3  Variation of relative mass loss and normalized dynamic
elastic modulus with FT cycles
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Tab.3  Test results of flexural fatigue life of self-compacting

concrete subjected to FT damage
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Tab.4 Estimation of Weibull distribution parameters for flexural
fatigue life of self-compacting concrete subjected to

different FT cycles at different stress levels

o u

$=0.75 S$=0.80 S=0.85 §=0.75 S$=0.80 S5=0.85

0 24677 2.5228 2.650 1 23006 8329 390

50 2.3054 2.4204 2.6057 20735 5755 326
100 2.2138 2.3250 24810 18 805 4433 279
150 21251 22045 23364 16 694 2952 219
200 2.0515 2.1309 2.1647 13802 1979 191

250 1.976 0 2.038 1 2.067 5 8093 1028 120
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Tab.5 K-S test for fatigue life of self-compacting concrete

without FT cycles at S = 0.75

i %, F*(x,) =i/k P(x;) | F'(x;) - P(x,) |
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3 32 897 1.000 000 0.910 809 0.089 191
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Tab.6  Goodness-of-fit test parameter (D, ) of self-compacting concrete subjected to different FT cycles at different stress levels

D]
S
F=0 F =50 F =100 F =150 F =200 F =250
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0.80 0.367 695 0.367 299 0.359 770 0.309 824 0.357 448 0.349 251 6
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Tab.7 Coefficient constants of self-compacting concrete subjected to different FT cycles at different stress levels

a b kE/107*
F
S =0.75 S = 0.80 S = 0.85 S =0.75 S = 0.80 S =0.85 S =0.75 $=08 S=0.85
0 1.050 1.046 1.038 19 323 7 036 333 -1.711 -4.838 -108.800
50 1.064 1.054 1.040 17 064 4 808 278 -1.765 -6.702 -127.900
100 1.074 1.062 1.049 15 255 3 658 235 -1.862 -8.333 -141.900
150 1.086 1.076 1.061 13 321 2391 181 -2.003 -11.800 169.600
200 1.098 1.086 1.081 10 836 1581 154 -2.327 -17.000 178.800
250 1.112 1.100 1.095 6229 804 95 -3.799 -31.000 270.100
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Fig.5  P,-S-N curves of self-compacting concrete subjected to different FT cycles
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Tab.8 Safety factors of fatigue life with different reliability probabilities for self-compacting concrete subjected to different FT cycles at

S =075

P, Ve,

F=0 F =50 F =100 F =150 F =200 F =250
0.10 0.633 0.617 0.608 0.598 0.590 0.581
0.30 0.823 0.817 0.814 0.812 0.809 0.807
0.50 1.029 1.039 1.045 1.052 1.059 1.067
0.70 1.347 1.386 1.411 1.439 1.464 1.494
0.90 2.208 2.351 2.448 2.554 2.653 2.769
0.95 2.956 3.213 3.388 3.583 3.768 3.985

x9 ZZFAEFHBERHAZLRELE S=080 TEERETWTEEHENESTEGLLRE

Tab.9 Safety factors of fatigue life with different reliability probabilities for self-compacting concrete subjected to different FT cycles at

S = 0.80

P, ey

F=0 F =50 F =100 F =150 F =200 F =250
0.10 0.638 0.628 0.619 0.607 0.599 0.588
0.30 0.825 0.821 0.818 0.814 0.812 0.809
0.50 1.026 1.032 1.037 1.046 1.052 1.061
0.70 1.335 1.357 1.380 1.414 1.437 1.469
0.90 2.165 2.247 2.332 2.458 2.546 2.673
0.95 2.880 3.025 3.179 3.407 3.569 3.805
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Tab.10 Safety factors of fatigue life with different reliability probabilities for self-compacting concrete subjected to different FT cycles
atS = 0.85
Yp
Pf S
) F=0 F =50 F =100 F =150 F = 200 F =250
0.10 0.649 0.645 0.634 0.620 0.602 0.592
0.30 0.829 0.827 0.823 0.818 0.813 0.810
0.50 1.021 1.022 1.028 1.037 1.049 1.058
0.70 1.311 1.319 1.344 1.378 1.426 1.458
0.90 2.078 2.107 2.197 2.322 2.504 2.631
0.95 2.726 2.777 2.937 3.159 3.493 3.726
é:]: . bending fatigue performance of prestressed RPC-NC composite beam
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