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Calculation Model of Deflection and Crack Width of Concrete Beam
Reinforced with FRP Bars

LIU Xi, WANG Zheng, WU Tao
(School of Civil Engineering, Chang’an University, Xi’an 710061, Shaanxi, China)

Abstract: The 218 groups of flexural test results at home and abroad of concrete beams reinforced
with fiber reinforced polymer (FRP) were collected, and the development laws of beam deflection
and crack width under serviceability limit state and ultimate limit state were studied emphatically.
On the basis of test data, the relationship between the non-uniformity coefficient of FRP strain
and influence coefficient of strength reinforcement was corrected, and the deflection calculation
model of flexural member was established. The influences of coefficient of internal force arm and
force characteristic coefficient of component of the FRP reinforced concrete beam bending section
on the calculation accuracy of crack width were deeply analyzed. The reasonable values of 3 and
ae were determined, and the calculation model was optimized. The calculated values were
compared with that of the model proposed by technical code GB 50608—2010 for infrastructure
application of FRP composites. The results show that the suggested model by selecting y=0. 88,
ax=1.5 based on the relationship between ¢ and influence coefficient of strength reinforcement
can predict the deflection and the crack width of concrete beams reinforced with FRP bars better
than GB 50608-—2010, and the calculation results of modified model are in good agreement with

experimental results, the accuracy and rationality of the proposed model is verified.
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Fig. 1 Strain Distributions of Concrete and FRP Bars in
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Fig.2 Stress Diagram of Fracture Cross Section
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Tab.1 Experimental Data of Concrete Beams Reinforced with FRP Bars
ke mes |k | R LIRS | FRP G | FRP gAE LR fERRE BB EARE
HERR N i | bmm | ho/mm | F/MPa | fu/MPa | E/GPa | Ben/mm | RHRES | g | RS
mm mm
CHikL3] 3 150 126~137 36.5 1506 50. 1 52.7~68.8
k4] 9 120 238~258 | 19.4~58.8 640 30.0 17.9~29.7 34.6~77.8
k5] 6 180 55~268 36.8 695 40.0 0.50~1.30]59.0~73.0
k6] 12 200 323~344 | 29.0~73.4 | 762~1639 | 48.7~69.3 | 9.4~19.9 |0.15~1.03|23.7~54.5|0.69~2.38
SCHRL7] 4 200 210~234 197.3 1182 51.3 31.4~64.3
k9] 9 [117~150 180 18.0~47.2 499 40. 0 0.33~0.67
k[ 10] 7 200 270 39.0~59.0 641~773 38.0~49.0 0.50~2.50 1.10~5. 20
SCHk[11] 9 150 211~313 31.0 658~1325 | 72.0~75.5 0.28~1.62
CHk[12] 10 150 217~317 30. 0 650 68.6 1.80~3.00
CHk[13] 7 |150~180| 160~212 24.9 606~1 779 | 40.0~136.0 0.46~0.75|19.7~50.1
CHk[14] 7 |150~180| 160~212 24.9 606~1 779 |40.0~136.0 0.96~1. 80
k(18] 5 200 236~254 38. 2 1105~1 312 62.6~65.6 | 8.0~12.3 42.0~54.1
XHk[19] 6 100 125~128 | 40.0~80.0 | 732~1 764 | 37.5~55.6 47.3~60. 4
XHkL20] 16 200 338~345 | 33.8~81.5 | 666~1 936 |46.4~147.0 0.36~0. 66 0.54~1.68
XHk[21] 14 200 225~228 | 39.1~40.8 | 617~1 988 |36.0~114.0| 7.2~11.3 |0.25~0. 62 0.37~1.40
XHk[22] 6 200 234~257 42.5 1162~1 189 | 44.4~48.7 | 9.7~16.0 |0.69~1.44 |25.3~68.3|1.27~2.70
k23] 4 140 154~156 21.1 1327~1 424 | 63.4~64.5 4.6~6.0
XHk[24] 12 140 134~156 | 30.1~46.9 | 995~1 353 | 63.3~64.2 32.5~52.2
CHik[25] 6 230 190~194 | 75.9~104.4 | 941~2 130 | 48.1~146.2 36. 6~56.2
SCHik[26] 6 178 160~175 | 30.0~48.0 | 552~2 069 |41.0~124.0 0.41~0.60|23.0~30.0
Hki27] 3 230 242~244 40.0 1000 50.0 6.9~36.0
k28] 7 150 116 18.4~53.0 348 32.7 5.7~16.1 27.5~46.0
SCHR[29] 9 150 248~280 | 51.0~60.0 1100 70.0 40.7~95.8
SCHRL30] 2 120 169 33.0~33.6 1676 135.9 8.4~8.6 35.3~35.5
SCHRC31] 5 280 340~346 | 33.9~42.5 | 582~603 | 38.0~40.2 78.4~123.9
XHk[32] 4 200 158~248 | 31.3~40.7 | 700~886 | 35.6~43.4 |10.6~14.2
CHik[33] 10 150 248~265 | 40.7~81.5 1760 53.0 19.7~39.210.82~1.74
SCHik[34] 11 150 205~313 24.5 353~722 30.8~60.4 | 8.3~30.1 24.6~52.6
CHik[35] 9 150 105~269 | 19.9~31.4 520~541 30. 8 3.08~3.36
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Tab.2 Relationship Between Strain Non-uniformity Coefficients and Deflections of Concrete Components
Reinforced with FRP Bars
Aexp/ A
N AE R ) AL AP EY E 00 P A BRCAR A e R RE T M BRAR A B
FEARECR /A | WME | bR | R REU Y | BRSO/ | BH | a2 | BR AR/ X
A=1.1,B=0.65 0.90 75 1. 14 0.33 29. 33 155 1.03 0. 36 35.16
A=0.75,B=0.17 | 0.88,0.90,0.92,0. 94 75 1.01 0.23 23. 20 155 1.19 0.41 34.57
TE 2 Dy 4 25 TP AR PR 56 38 19 3000 0 5 A SRy 355 T B PR 8 B2 10 1 B4
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Tab.3 Relationship Between Member Stress Characteristic Coefficients and Crack Widths of Concrete Members with FRP Bars

Wexp / Wth
e L Gt 25 ae=2.3 ae=2.1 ae=1.9 aw=1.7 ae=1.5
il JFFY 24 S | A0 RIS 2R 0 | ol ) 0 A | e IR 24 5% | 1 P SR | kIR 0 4 | 1 PR 22 0% | M R R4 4 | ol ) 0 4 | A R 2
FEA B A /A 73 95 73 95 73 95 73 95 73 95
A=1.1, ¥iE 0. 84 0.66 0.92 0.72 1.02 0.79 1.14 0. 89 1.29 1.01
B=0.65 090 FRAE 2 0.43 0. 64 0.47 0.70 0.52 0.77 0.58 0. 87 0. 65 0.98
SRR/ % | 50.74 97.61 50. 74 97.61 50. 74 97.61 50. 74 97.61 50. 74 97.61
FEA B A /A 73 95 73 95 73 95 73 95 73 95
1 0.56 0.65 0.61 0.71 0.68 0.79 0.76 0. 88 0. 86 1.00
058 bR 0.17 57 0.18 0.63 0. 20 0.70 0.22 0.78 0.25 0. 88
AFRE/ Y | 29.47 88. 36 29. 47 88. 36 29. 47 88. 36 29. 47 88. 36 29. 47 88. 36
BEA B A /A 73 95 73 95 73 95 73 95 73 95
YI(E 0.58 0.67 0.63 0.73 0.70 0.81 0.78 0.90 0.88 1. 02
090 bR 0.17 59 0.19 0. 65 0.21 0.71 0.23 0. 80 0.26 0. 90
A=0.75, ARRB/ % | 29, 88.35 29.50 88.35 29.50 88.35 29.50 88.35 29.50 88.35
B=0.17 REA K /A 73 95 73 95 73 95 73 95 73 95
¥ 0.59 0.69 0.65 0.75 0.72 0.83 0. 80 0.93 0.91 1.05
oo i 22 0.18 0.61 0.19 0. 66 0.21 0.73 0.24 0. 82 0.27 0.93
R AR/ % | 29.54 88. 34 29. 54 88. 34 29. 54 88. 34 29. 54 88. 34 29. 54 88. 34
FEA B /A 73 95 73 95 73 95 73 95 73 95
Balic 0. 60 0.70 0. 66 0.76 0.73 0. 84 0.81 0. 94 0.92 1.07
oo bR 22 0.18 0.61 0.19 0.67 0.21 0.74 0.24 0.83 0.27 0.94
WRRE/ % | 29.48 88. 36 29. 48 88. 36 29. 48 88. 36 29. 48 88. 36 29. 48 88. 36
1t wexp N ZEEE 50 B I s 0 W R AE ST (E .
BIEA AR R SR T GRS RIWKR 4 HE 4, H T o0 NP
T4 MELAREBEARITELE R
Tab.4 Comparison of Calculation Results Between Standard Formula and Revised Formula
Aexp/Auh wexp /Wi
R it S8
TE {8 PRI BIRIR 2 8 B TR AR AR SR PR AR S e B TEH AR FRAR S 2 4k TRERE S RS 2 4k
AR /A 75 155 73 95
¥l 1.14 1.03 0.92 0.72
A
i 2 0.33 0.36 0.47 0.70
R RE % 29. 33 35.16 50. 74 97.61
FEAR R /A 75 155 73 95
¥l 1.01 1.19 0. 86 1.00
BIEA S
b 22 0.23 0.41 0.25 0.88
R RE/ % 23. 20 34.57 29. 47 88. 36
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Fig. 4 Calculation Results of Standard Formula and Correction Formula
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