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Analysis of Anti-cracking Ability of Loaded Reinforced Concrete Beam
Strengthened with Prestressed CFRP Sheet

CHENG Dong-hui, ZHANG Shu, YE Xu, YU Yong-zhi
(School of Civil Engineering, Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: In order to study the effect of reinforced concrete flexural members with prestressed
carbon fiber reinforced polymer (CFRP) sheet on cross-section cracks, two groups of eight test
beams with different reinforcement ratios were designed. Based on bearing 40% ultimate load,
the cross-section test beams were strengthened with prestressed CFRP sheet, and the static load
test was completed to obtain test data of bending crack distribution, crack width and height of
concrete flexural members in the early stage of loading and being strengthened after second
loading. Based on the test data, through theoretical analysis, calculation formulae of average
crack spacing and maximum crack width of concrete beam strengthened with prestressed CFRP
sheet were put forward, which coordinated with Code for Design of Concrete Structures. The
study results show that in the process of second loading, prestressed CFRP sheet can effectively
suppress the development of crack, and with increasing of the prestressed tensile stress, the
average crack spacing and crack width decrease.

Key words: prestressed CFRP sheet; reinforcement ratio; loaded reinforced concrete beam; anti-

cracking ability; crack width
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Tab.1 Parameters of Test Beams
R R BLfi %/ %6 | CFRP i sk BLwI 4R i 71/ MPa
DBL1
YJGLI1-A 800
ERE 0.73
YJGL1-B 1200
YJGL1-C 1 600
DBIL.2
YJGL2-A 800
HIA 1.50
YJGL2-B 1 200
YJGL2-C 1600

CFRP i & F H A R i 2> &) 77 &b R By
0. 111 mm, # LR A 246 GPa, Hrhiss fiEH 3 700
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Fig. 1 Sectional Reinforcements of Test Beams (Unit: mm)
IR E B EEOR AT R E L s 2 s e S
#H R E 3 R .

CFRPATUE 4 i 3 JJCFRPAii

(c) 5 I 4H %2 % 1o i 74

O

IlSQIlSQI 200, | 400

Py
400 | 200 }15(]|15(]I 1200
3000

B2 ¥R CFRP 7o #h M & 88 B (2 4L : mm)
Fig.2 Stick and Anchorage of Prestressed
CFRP Sheet (Unit:mm)

IR S

: _,{;Eég_lu
TR T A% R 2%

ol
D |

TRk N

~0 O R Dy p®”
(VA2 iy
1104? 1000, 800 , 1000 1}04?
: 3000 :

3 AEFEME RN (LA :mm)
Fig.3 Loading and Testing of Test Beams (Unit: mm)

2 REHER

K2l TR L. 458 2% Hr BoR#E )
R AP M o 24 6 FE M B KB . i & 2 T A,
AL 3 CERP A3 i [ 67 2% 1 5E £ 32 1 8 1f fE
B3R W B 7 e TR B TR A R 3T

2 3 Py e TR A R A T A 2N Y S
T BEEE -2 (B B L 53T o P 4 OIS 2R
A X B 2 Ay A . I8 4 AT LUE L2 A
5 (8] B8 J) A HL B 2], CEFRP A 1) B4L 1 7 344
R I G2 1) BB O3 A AL A L SRR IR, 2B



40 AHAFE TRFR

2 HHBER
Tab.2 Results of Test

. Wiax1/ | Wmaxz/ | Smaxt/ | fmaxz/
KB RmE | Py/kN| Py/kN
mm mm mm mm
DBL1 20 37 | 0.68 19. 89
YIGLI-A | 45 70 | 0.05 | 1.60 | 0.57 | 34.61
1
yy | YIGLIB | 45 60 | 0.08 | 0.60 | 0.76 | 24.43
“lyjeLic|  so 60 | 0.07 | 1.00 | 0.90 | 20.58
DBL2 58 87 | 1.00 23.18
YIGL2-A | 100 | 110 | 0.14 | 1.00 | 6.63 | 29.56
il
yg | YIGLZB| 105 | 105 | 0.24 | 0.70 | 5.81 | 18.71
T lyicrzc| 105 | 105 | 0.20 | 0.36 | 5.53|17.03

2 Py 9\ 1) 49577 Jet IR IS B 767 285 P iy TR BE 1 B2 K B AR FR AR 2
I A7 B 5 wmast 5 fmaxt 73 50 A9 100 2T 532 A T 28 45 o )
K ZLEE T8 TN IR KBEE 5 @z » fmaxe 53900 A9 10 [ 2 00 IR B 22
HY) B R SR 4% DT B R

K3 e on KIEE
Tab.3 Test Values of /. and o,

RN OR Ak R Liest/ Mm @m/Mmm
DBL1 154 0.25
YJGLI-A 138 0.13
14l
YJGL1-B 116 0.17
YJGL1-C 101 0.12
DBIL.2 128 0.28
YJGL2-A 111 0.32
e
YJGL2-B 104 0.28
YJGL2-C 97 0. 26
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Fig. 4 Crack Distributions of Test Beams
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Tab. 4 Strain Increments

YJGL1-A YJGL1-B YJGL1-C
Jon I 6 2/ kN
Aes Aeg AerAes! Aes Aeg AerAey ! Aes Aet Aerles!
15 82 103 1. 26 116 118 1.02 240 351 1. 46
20 309 330 1.07 267 259 0.97 404 632 1. 56
25 620 736 1. 19 490 526 1.07 578 896 1.55
30 882 1053 1. 19 709 761 1.07 691 1126 1.63
35 1139 1 349 1. 18 980 1031 1. 05 920 1431 1. 56
40 1398 1617 1.16 1247 1285 1.03 1101 1504 1. 37
45 1335 1783 1. 34
YJGL2-A YJGL2-B YJGL2-C
Jin T $1 4%/ kN
Aes Aey AerAey ! Aes Aey AerNes ! Aes Aet AerAes !
45 142 132 0.93 85 70 0.82 108 91 0. 84
50 247 227 0.92 193 141 0.73 242 162 0.67
55 282 347 1. 23 284 205 0.72 251 253 1.01
60 327 445 1. 36 353 267 0.76 368 333 0. 90
65 417 585 1.40 456 348 0.76 533 408 0.77
70 483 665 1. 38 558 438 0.78 648 473 0.73
75 577 794 1. 38 666 560 0.84 672 574 0. 85
80 650 910 1. 40 760 737 0.97 744 641 0. 86
85 741 1108 1. 49 871 892 1.02 887 747 0. 84
90 838 1226 1. 46 955 1028 1.08 971 825 0.85
95 966 1398 1. 45 1073 1198 1.12 1053 951 0. 90
100 1146 1319 1.15 1150 1103 0.96
®£5 7t HE £6 RETFHEAETHE
Tab.5 Calculated Values of ¥ and x Tab. 6 Calculated Values of Average Crack Spacing
RNt R A liest/mm Y K 50 7 G leal /T liest/mm Leallicsh
YJGL1-A 0.09 138 —0.137 —0.013 YJGLI-A 137.5 138 0.996
YJGL1-B 0.13 116 0.027 0.012 YJGL1-B 114.7 116 0.989
YJGL1-C 0.16 101 0.179 0.036 YIGL1-C 102. 0 101 1.010
YJGL2-A 0.03 111 —0. 245 —0.047 YIGL2-A 112. 0 111 1011
YJGL2-B 0. 05 104 —0.195 —0.036
YJGL2-B 103.7 104 0.997
YJGL2-C 0.07 97 —0.136 —0.024
YJGL2-C 96. 3 97 0.992
TE A BRI BE A= 0pe At/ Cope At A Sy s fy RS2 RGN 5K
Ji IR EE S0y Ky CERP A 94T BUTRLIE JJ s 0pe = 0. 60con o _
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Fig. 6 Fitting Curves of Bonding Coefficients Fig.7 Steel Stress
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Tab.7 Calculated Values of Maximum Crack Width

YJGLI-A YJGLI-B YJGL1-C
i I 673/ kN . . ; § , ,
Wmax Wmax Wmax®max Wmax @max OmaxWmax | Wmax Wmax WmaxWmax
20 0.08 0.06 1.35 0. 04 0.08 0. 90 0.06 0.07 0. 89
30 0.15 0.12 1. 26 0.14 0.12 1.17 0.13 0.11 1.18
40 0.22 0.16 1. 40 0.21 0. 20 1. 06 0. 20 0.15 1. 33
YJGL2-A YJGL2-B YJGL2-C
i 472/ kN - ; ; ;
Wmax @ma WmaxOmax | Wmax Wmax OmaxOmax Wmax Wmax OmaxOmax |
50 0.23 0.14 1.61 0.22 0. 24 0.92 0.22 0. 20 1.08
60 0. 26 0. 24 1.07 0. 25 0. 26 0.96 0.25 0. 20 1.23
70 0.29 0.24 1.19 0.28 0. 26 1.08 0.28 0.24 1. 15
80 0. 32 0. 30 1. 06 0. 31 0.28 1.11 0. 31 0.28 1.09
90 0.34 0. 34 1.02 0. 34 0. 35 0.98 0. 34 0. 30 1.12
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