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Strength Retention Rate Distribution Model and Reliability
Analysis of FRP Stirrups

JIANG Jiafei, LU Jiahao, XUE Weichen’

(School of Civil Engineering, Tongji University, Shanghai 200092)

Abstract: The hypothesis testing approach was applied to treat the experimental data from the open literature for
the establishment of the distribution law of the strength retention rate of fiber reinforced plastic (FRP) stirrups. The
goodness-of-fit of three distribution models (Weibull distribution, normal distribution, and lognormal distribution)
for the FRP stirrups strength retention rate was compared using Kolmogorov-Smirnov (K-S) test. The results show
that the lognormal distribution is the optimal distribution model within the rational range (3—5) of internal radius(R)
to bar diameter( D) ratio (R/D). It follows that the strength retention rates of 95% and 50% guarantee rates is no
less than 32.46% and 43.79% , respectively. Furthermore, the results show that the reliabilities of calculation results
from the retention rate formula used in the Chinese, American, Canadian, and Japanese standards are only between
24.1%~40.3% , which is unconservative. According to the strength guarantee rate requirements of FRP longitudinal
reinforcement and stirrups in China, the strength retention rates of glass fiber reinforced plastic(GFRP) stirrups with
R/D of 3,4 and 5 are not less than 38.86 %, 35.68% and 46.09% , respectively.
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Table 1 Relationship between correlation degree and

N

Y
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Pearson correlation coefficient >’

Correlation degree I

[0,0.3)
[0.3,0.5)
[0.5,0.8)

[0.8,1]

Uncorrelation
Weak correlation
Significant correlation

Strong correlation
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Table 2 Relationship between strength retention rate of
FRP stirrup and various influencing factors

Factor r
Type of FRP stirrup 0.12
Test method —0.28
Section shape of stirrup 0.07
Fiber content 0.07
Diameter —0.24
Bend radius 0.19
R/D 0.63
Tensile strength 0.24
Elastic modulus 0.28
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Table 3 Database of strength retention rate of FRP stirrups

T f Bend st th
Author ypeo Section shape D/mm R/mm R/p e Tene / Tensile strength/MPa S/ %
stirrup MPa

Li, etal. ¥ CFRP Rectangle 2.0 8 4 1086 2 480 43.8
Ahmed, etal. ™ GFRP Circular 9.5-19.1 38-76 4 240-712 533-1538 32.9-58.3
Imjai, et al. "™ GFRP Rectangle/circular ~ 3.0-13.5 9-54 3-5 271-464 690-720 36.6-64.4
Shehata, etal."’ CFRP  Rectangle/circular  5.0-12.0 20-50 4 345-793 713-1 800 44.1-56. 1
El-Sayed, etal.™”  CFRP Circular 9.5-12.7 38-51 4 539-761 1224-1328 44.0-57.3

WANG, etal.  GFRP Circular 7.0 20 3 387 1045 37.0
Lu# BFRP Circular 6.0-8.0 24-32 4 347-594 1096-1 604 31.6-39. 1
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Table 4 Linear transformation relationship of three distribution models'*"’

Distribution model Cumulative distribution function v x a b
Weibull (2] nln——— nS 5 slnpy
F(S)=1—¢ '* 1—F(S)
S (s—n) 1
Normal F(S)= 1 j e 2 dS LIVI[F(S)] S = _
oN 2 o o 4
S ’('"5’:")2 1
Lognormal F(S)= 1 J e 2 (S @"[F(S)] IS - _H
oSV 2m " o o

Note: F(S) represents the cumulative distribution function of Weibull distribution, normal distribution and lognormal distribution; x and o are the

mean and standard deviation of different distribution models; a, b represents the slope and intercept of the linear function after linear regression,

respectively.
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Table 5 Mean,standard deviation and significance test results of three distribution models

Weibull Normal Lognormal Critical value of significant level
R/D
Iz o R # o iz o R a=0.01 a=0.05
3 46. 22 9.98 0.917 44.04 5.42 0.952 44.11 5.33 0.966 0.575 0.456
4 48. 04 6.63 0.941 44.84 8.28 0.970 44.92 8.44 0.980 0.440 0.345
5 56.45 8.95 0.957 53.59 7.14 0.968 53.72 7.36 0.958 0. 684 0.553
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Fig. 1 Linear regression results of three distribution models with different R/D values
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Table 6 K-S test results

Dy Dy,
R/D N
Weibull Normal Lognormal «=0.01 «=0.05
3 17 0.107  0.086 0.081 0.381 0.318
4 31 0.101  0.070 0.061 0. 285 0.240
5 11 0.094  0.097 0.077 0.468 0.391

23 BRSO THEBE

AL RN T 5 K-S KSR 45 R R - B AR 3F 7>
A AR T A — 72 AR 4% m] AR FRP 3 1 56 32 Of BH %
8 AT ML 5 (5L 3 Fif 0 A A 7 By R* A DB X L 23 A
715, X BRI 25 A A TR R R A FRP i 7 9% S5 R B
o A L B e U Y

3 AEESH

30 ETFXYPESTSHRBEHATESETE
ARSCHET F R i i1y 58 JEE O B AR e D0 A AR A ——
XPRCGE S AR 2R X () HH R B[R R/ D 1%



500 jeis

WM B % W

527 %

BN FRP §i /7 55 5 19 O B R - E R (R(S) ) ik,
i 2 fr s

R 50 18, 45 SR FH w67 Bk 1 5 3] 1) P B 23—
R BLTE2 AR 2 W .3 R/DIERT,

R(S)=1—F(S) (3) K HIIX 2 M7 45 30 0y th e vy & FE 4T
100 100 100
= Lognormal = Lognormal = Lognormal
80 |- » Experimental 80 - » Experimental 80 = Experimental
S 60 S 60 X 60
a a a
& 40 - & 40 - & 40
20 20 20
0 1 1 1 | O 1 1 1 1 1 0 1 1 1 1
35 40 45 50 55 60 30 35 40 45 50 55 60 40 45 50 55 60 65
SI% SI% SI%

(a) RID=3

(b) RID=4

(c) RID=5

2 ARIFER/DEH T FRP fifi 558 B O B 3 — 0 Uk 5 il 26
Fig. 2 Strength retention rate-reliability curves of FRP stirrup under different R/D values
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Table 7 Strength retention rate of FRP stirrup under
different reliabilities

R/D “ o R(S)/% S/% S/%
95 35.90

3 4411  5.33 50 43.79 44,04
5 53.41
95 32.46

4 4492 8.44 50 44.15 44.85
5 60. 04
95 42.50

5 53.72  7.36 50 53.22 53.58
5 66. 66
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Fig. 3 Distribution law of bend strength of GFRP stirrups
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