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Development of Bond Strength Model for FRP Plates Using
Back-Propagation Algorithm
]

Park, Do-Kyong

Abstract

In order to catch out such Bond Strength, the preceding researchers had ever examined the
Bond Strength of FRP Plate through their experimentations by setting up of various fluent.
However, since the experiment for research on such Bond Strength takes much of expenditure
for equipment structure and time-consuming, also difficult to carry out, it is conducting
limitedly. This Study purposes to develop the most suitable Artificial Neural Network Model
by application of various Neural Network Model and Algorithm to the adhering experiment da-
ta of the preceding researchers. Output Layer of Artificial Neural Network Model, and Input
Layer of Bond Strength were performed the learning by selection as the variable of the thick—
ness, width, adhered length, the modulus of elasticity, tensile strength, and the compressive
strength  of concrete, tensile strength, width, respectively. The developed Artificial Neural
Network Model has applied Back-Propagation, and its error was learnt to be converged within
the range of 0.00l. Besides, the process for generalization has dissolved the problem of
Over-Fitting in the way of more generalized method by introduction of Bayesian Technique.
The verification on the developed Model was executed by comparison with the resulted value
of Bond Strength made by the other preceding researchers which was never been utilized to
the learning as yet.
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Table 1 MY AFXZE(EEXE)

FRP Plate Concrete .
Referenc| .~ . Bond Elastic Tensile | Compressive | Tensile Ultimate Bond
Specimen | Thickness| Width n Width | Strength P

e length modules | strength strength strength u
e T N I N N I A ()
PG1-11 0.169 50 130 97 2177 3760 290 100 778
PG1-12 0.169 50 130 97 2177 3760 290 100 919
PG1-1W1 0.169 06} 130 97 2777 3760 290 100 10.11
PGI-1W2 | 0169 I5) 130 97 2177 3760 290 100 13%
PGI-1L11 | 0169 50 100 97 2177 3760 290 100 6.87
Tan | PGI-1L12 | 0169 50 100 97 2177 3760 290 100 920
(2002) | PGI-1L21 | 0169 50 70 97 2177 3760 290 100 6.46
PGI-1L22 | 0169 50 70 97 2177 3760 290 100 6.66
PG1-21 0338 50 130 97 2177 3760 290 100 1049
PG1-22 0338 50 130 97 300 3760 290 100 1143
PCI-1C1 0.111 50 130 235 300 3760 290 100 797
PCL-1C2 0.111 50 130 235 30 3760 290 100 919
NJ2 0.083 100 100 240 30 2050 2.08 150 11.00
Zhao NJ3 0.083 100 150 240 3550 2050 2.08 150 11.25
et al. NJ4 0.083 100 100 240 3550 36.70 287 150 1250
(2000) NJ5 0.083 100 150 240 3550 36.70 2871 130 1225
NJ6 0.083 100 150 240 31 3670 281 150 1275
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Table 1 A%

-1 0.167 40 100 230 3481 3656 2.86 100 87
1-12 0.167 40 100 230 3481 BB 274 100 885
1-21 0.167 40 200 230 3481 3656 286 100 930
1-22 0.167 40 200 230 3481 BB 274 100 850
1-31 0.167 40 300 230 3481 3656 2.86 100 930
1-32 0.167 40 300 230 3481 BB5 274 100 830
1-41 0.167 40 500 230 3481 365 286 100 805
142 0.167 40 500 230 3481 3656 2.86 100 805
1-51 0.167 40 500 230 3481 3350 273 100 845
152 0.167 40 500 230 3481 3350 273 100 730
2-11 0.167 40 100 230 3481 3163 264 100 87
2-12 0.167 40 100 230 3481 3163 264 100 885
2-13 0.167 40 100 230 3481 3313 271 100 7%
2-14 0.167 40 100 230 3481 3313 271 100 765
2-15 0.167 40 100 230 3481 3088 261 100 9,00
) 2-21 0334 40 100 230 3481 3163 264 100 12.00
hkfo 2-22 0334 40 100 230 3481 3163 264 100 1080
(f;;)‘ 2-31 0501 40 100 230 3481 363 264 100 1265
2-32 0501 40 100 230 3481 363 264 100 14358
2-41 0.165 40 100 373 2042 3088 261 100 115
2-42 0.165 40 100 373 2042 31.88 261 100 11.00
2-51 0.167 40 100 230 3481 3113 271 100 98
2-52 0.167 40 100 230 3481 3113 271 100 950
2-61 0.167 40 100 230 3481 3113 271 100 880
2-62 0.167 40 100 230 3481 3013 271 100 9%
2-71 0.167 40 100 230 3481 3013 271 100 76
272 0.167 40 100 230 3481 3313 271 100 6.80
2-81 0.167 40 100 230 3481 3825 387 100 75
2-82 0.167 40 100 230 3481 3825 387 100 805
2-91 0.167 40 100 230 3481 3388 261 100 675
290 0.167 40 100 230 3481 3388 261 100 680
2-101 0111 40 100 230 3481 3363 264 100 770
2-102 0111 40 100 230 3481 6313 271 100 6%
DLUTIS2G| 0507 20 150 .03 3271 2870 250 150 581
DLUTIS5G| 0507 50 150 .03 3271 2870 250 150 1060
DLUTIS-7G| 0507 80 150 83,03 3271 2870 250 150 1823
DLUT30-1G| 0507 20 100 83,03 3271 45.30 32 150 463
DLUT30-2G| 0507 20 150 83.03 3271 4530 32 150 577
DLUT30-3G| 0507 50 60 83.03 3271 4530 32 150 942
136 S PxERICIsHs| X103 M25(2006. 3)



DLUT30-4G| 0307 50 100 83.03 3271 4530 322 150 11.03
DLUT30-6G| 0507 | 50 50 | 80 | 32 4530 322 150 11.80
DLUT30-7G| 0507 | 80 00 | 86 | 21 4530 322 150 1465
DLUT30-8G| 0307 30 150 83.03 3271 4530 322 150 16.44
DLUTS0-1G| 0507 | 20 00 | 8B | 20 5550 360 150 599
DLUT50-2G| 0507 | 20 50 | 86 | 2 5550 360 150 590
DLUT0-4G| 0307 50 100 83.03 3271 56.50 360 150 9.34
DLUTS0-5G| 0507 | 50 50 | 80 | 2m 5550 360 150 1228
DLUTS0-6G| 0507 | 80 00 | 8@ | 2 5550 360 150 1402
DLUT0-7G| 0307 30 150 83.03 3271 56.50 360 150 1671
Ry [PUUTISXC| 033 2 150 207 3590 2870 250 150 548
DLUTI55C| 033 50 150 207 3890 2870 250 150 1002
(200 DLUT15-7C| 033 30 150 207 3390 2810 250 150 19.27
DLUT30-1C| 033 2 100 207 3590 4530 322 150 55
DLUT30-2C| 033 2 150 207 3890 4530 322 150 461
DLUT30-4C| 033 50 100 207 3390 4530 322 150 11.08
DLUT30-5C| 033 0 100 207 38590 4530 322 150 16.10
DLUT30-6C| 033 50 150 207 3890 4530 322 150 2171
DLUT30-7C| 033 30 100 207 3390 4530 322 150 22.64
DLUTS0-1C| 033 2 100 207 3590 5550 360 150 578
DLUTS0-5C| 033 50 150 207 3890 550 360 150 1672
DLUT0-6C| 033 30 100 207 3390 56.50 360 150 16.24
DLUTS0-7C| 033 ) 150 207 3590 5550 360 150 280
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Table 2 MMATFKNZ(HEXE)

FRP Plate Concrete Ultimate
. Bond Elastic Tensile | Compressive | Tensile Bond
i Thickness |  Width Width
Reference Specimen : )bb ! () length | modules | strength strength strength Strength
R @ | e | poom | opom | 2 M p N
D-CFS-150-30a 0.083 100 300 230 4200 588 371 100 12.20
D-CFS-150-30b 0.083 100 300 230 4200 738 421 100 11.30
D-CFS-150-30c 0.083 100 300 230 4200 738 421 100 12.25
D-CFS-300-30a 0.167 100 300 230 4200 738 421 100 1890
D-CFS-300-30b 0.167 100 300 230 4200 738 421 100 16%
D-CFS-300-30c 0.167 100 300 230 4200 738 421 100 1665
D-CFS-600-30a 0.333 100 300 230 4200 738 421 100 2565
D-CFS-600-30b 0.333 100 300 230 4200 7385 421 100 2.3
D-CFS-600-30c 0.333 100 300 230 4200 7385 421 100 2125
Wu | D-CFM-300-30a 0.167 100 300 390 4400 7385 421 100 1950
fal D-CFM-300-30b 0.167 100 300 390 4400 73.8 421 100 1950
e D-AR-280-30a 1.0 100 300 239 4400 73.8 421 100 1275
(2001) D-AR-280-30b 1.0 100 300 239 4400 73.8 421 100 128
D-AR-280-30c 10 100 300 239 4400 738 421 100 1190
S-CFS-400-25a 0.222 40 20 230 4200 738 421 100 1540
S-CFS-400-25b 0.222 40 250 230 4200 738 421 100 1390
S-CFS-400-25¢ 0.222 4 250 230 4200 738 421 100 13.00
S-CFM-300-25a 0.167 40 20 390 4400 738 421 100 1200
S-CFM-300-25b 0.167 40 250 390 4400 738 421 100 1190
S-CFM-900-25a 05 40 250 390 4400 7385 421 100 2590
S-CFM-900-25h 05 40 250 390 4400 7385 421 100 2340
S-CFM-900-25¢ 05 40 20 390 4400 7385 421 100 2370
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Table 3 Model Summary of Report

Index Profile Train Select Test Train Select Test Hidden | Hidden
n Perf. Perf. Perf. Error Error Error 1) (2)
1 GRNN 1:1-48-2-1:1 0.99148 0.983594 0.992847 0.202869 0.182304 0.308208 48 2
2 Linear 4:4-1:1 0.767177 0.739879 0.596476 0.125541 0.108062 0.161250 0 0
3 Linear 5:5-1:1 0.767014 0.738190 0.595605 0.125514 0.107809 0.160758 0 0
4 MLP 7:7-11-10-1:1 0.350432 0.374932 0.607727 0.045914 0.043301 0.121631 1 10
5 MLP 88-8-1:1 0.302571 0.365374 0.590860 0.039620 0.042619 0.115318 8 0
Table 4 Zxtgt 6|1
Bond . o S S
. MLP Expt/MLP Sato’s Expt/Sato’s Yang's Expt/Yang's
Reference Specimen strength
model model model model model model
Pu(kN)
D-CFS-150-30a 12.20 12.89 0.946 2.18 5.59% 961 1.269
D-CFS-150-30b 11.80 13.29 0.838 2.29 5.153 10.89 1.083
D-CFS-150-30c 12.25 19.43 0.630 2.29 5.349 10.89 1.125
D-CFS-300-30a 1890 24.49 0.772 6.08 3.109 11.03 1.713
D-CFS-300-30b 1695 24.49 0.692 6.08 2.788 11.03 1537
D-CFS-300-30c 16.65 24.49 0.679 6.08 2133 11.03 1.509
D-CFS-600-30a 25.65 3343 0.767 1599 1.604 11.24 2.282
D-CFS-600-30b 25.35 33.43 0.758 1599 158 11.24 2.255
D-CFS-600-30c 2125 3343 0.815 1599 1.704 11.24 2424
D-CFM-300-30a 19.50 22.27 0.876 12.74 1.531 11.19 1.743
W et al D-CFM-300-30b 19.50 22.27 0.876 12.74 1.531 11.19 1.743
U & T D AR-280-30a 1275 15.18 0.839 3.13 4073 1093 1166
D-AR-280-30b 12.85 1518 0.847 313 4.063 10.93 1.176
D-AR-280-30c 11.90 15.18 0.784 313 3.802 10.93 1.088
S-CFS-400-25a 15.40 10.38 1.477 759 2.021 4.44 3.454
S-CFS-400-25b 13.90 10.38 1.339 759 1.831 4.44 3.131
S-CFS-400-25¢ 13.00 10.38 1.252 759 1.713 4.44 2927
S-CFM-300-25a 12.00 9.00 1.333 5.73 2.094 4.42 2.714
S-CFM-300-25h 11.90 9.00 1.322 5.73 2.077 4.42 2.692
S-CFM-900-25a 25.90 26.79 0.967 2658 0.974 458 5.655
S-CFM-900-25h 23.40 26.79 0.874 2658 0.830 458 5.109
S-CFM-900-25¢ 2370 26.79 0.884 26.58 0.891 458 5175
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Profile : MLP 88-8-1:1, Index =5 <Yang’s model>

Train Perf. = 0.302571, Seledt Perf. = 0.365374 , Test Perf. = 0.590860
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Table 5 SIZAE=EA 21}

Sensitivity Analysis
Thickness Width Bond Elastic Tensile Compressive Tensile Width
length modulus strength strength strength

Ratio 1.215 1.720 0.984 1.344 1.020 1.024 1.049 1.318

Rank 4 1 8 2 7 6 5 3

B AN ApdE MLP 28] F3E B3 = g A%k
Szt Wu001)e] 43 ZFgsS v 2 2 4) MLP EZ9 AZAFE #3387 fsted Sato's
I T ogel AuASEg R=08152 B4 BEAE9 model, Yang's model?} FHAAEZ Hlws) 2
t} Sato’s , Yang's®] Aol o3 Axtd FEAA A7 MLP E3e] FAE FIAT o5 37

T ogke A3 4n gel AwAsE R=0741,
R=0.126 2 EA53ith

T 9ee FAT 5 , W57}
RAYEA WY oz BAsen, $ALelr}
RAYEAE 1Y 9] Ao FAs

7.2 82

3
& A7) Sletel N AT AREL 24} At

g

gom, M 97 ARSL WS HHe) A4 E

g e, 1 AR T ARATaARs) v

ago A Azt

D H2e A% 28 AU 5ol doe =
g3} g¢ Yueze Agd £ A% M A%
& 238 1le) 93w g)e) edritz ofF
o121 MLP 2o F3%3ith

3) 7N4E MLP B8 Qa7 248 $2H%
=5 ul o) 2 dn Ad LAk LT H9

, BT, ‘23 ES FEE vBAHG 3 A%

@3ts] A8d AI2E,
2004, pp. 80~88.

2. Ren HT, “Study on Basic Theories and Long Time
Behavior  of Structures  Strengthened
by Fiber Reinforced Polymer”, Ph. D.
China: Dalian University of Technology, 2003.

3. Takeo K, Matsushita H, Makizumi T,
Nagashima G, “Bond Characteristics of CFRP
Sheets in the CFRP Bonding Technique’, In:
Proc. of Japan Concrete Institute, Vol 19, No
2, June 1997, pp.1599~1604.

4. Tan Z, “Experimental Research for
Strengthened  with ~ GFRP”,  Master
China: Tsinghua University, 2002.

5. Ueda T, Sato, Asano Y,
on Bond Strength
Sheet”,
on Fiber Reinforced
for  Reinforced  Concrete  Structure,
Famington Hills(N) ACI, 1999, pp. 407 ~416.

Concrete
thesis,

RC beam
Thesis,

“Experimental  Study
Carbon  Fiber
of 4th International Symposium

of Continuous
In proc.
Reinforcement
SP-188,

Polymer

6. Wu Zs, Yuan H, Hiroyuki Y, Tashiyuki K,
“Experimental  /Analytical Study on Interfacial
siEx2acists| 7102 Meses 3 141



142

Fracture  Energy and  Fracture  Propagation
along FRP-Concrete Interface”, In: ACI
International SP-201-8, 2001, pp. 133~142.

7. Yang YX, Yue QR, Hu YC, “Experimental

Study on Bond Performance Between Carbon
Fiber  Sheets and  Concrete”,  Journal  of
Building Structures, 22(3), 2001, pp. 36~42.

e

ST EERIEEE H10# M25(2006. 3)

8. Zhao HD, Zhang Y, Zhao M, “Research on the

Bond Performance between CFRP Plate and
Concrete”, In: Proc. of 1st Conference on
FRP-Concrete Structures of China, 2000,
pp.247~253.

=28 (H=d A 2005 7€ 212)



