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Analyses on flexural behavior of GFRP-reinforced crumb rubber concrete beams
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Abstract: Inorder to improve the crack resistance capacity, and avoid the brittle failure of the fiber-reinforced poly-
mer composite (FRP) reinforced concrete beams, a mixed-use of glass fiber-reinforced polymer composite (GFRP)
bars and crumb rubber concrete was adopted in beam components under bending. Finite element analysis soft-
ware ABAQUS was used to simulate the flexural behavior of GFRP-reinforced crumb rubber concrete beams. Para-
metric studies were conducted to study the influence of rubber content, reinforcement ratio, concrete strength
grade, and cross-section height on the flexural behavior of GFRP-reinforced crumb rubber concrete beams. The re-
sults show that the cracking load of beam increases with the increase of rubber content. The cracking load of beam
increases by 29% when the rubber content of concrete is 15%. Increasing the reinforcement ratio could improve the
cracking load and flexural strength of the beam. The cracking load of the GFRP-reinforced crumb rubber concrete
beam with rubber replacement ratio of 10% has a 15% increase and the flexural strength of the beam has 85% in-
crease induced by increasing the diameter of the GFRP bar from 10 mm to 18 mm. However, when the reinforce-
ment ratio reaches a certain value, the influence is no longer obvious. Increasing the crumb rubber concrete
strength can improve the cracking load and flexural strength of the beam. Increasing the crumb rubber concrete
strength from C25 to C40 results in approximately 53.7% increase in cracking load, and more than 23% increase in
flexural strength. The beams with higher section height are more likely to meet the requirements at normal service-
able limit state.

Keywords: FRP-reinforced beams; crumb rubber concrete; nonlinear analysis; flexural behavior; ultimate fle-

xural capacity

FSEHE: 2020-08-08; KA BHA: 2020-10-15; ML EH A RTIE]: 2020-11-09 09:34:41

M4 & Hidk: https://doi.org/10.13801/j.cnki.fhclxb.20201106.002

EEWHE: ERAKFAIS (513783405 51678406; 51878447)

BISMEE . BOBKLL, W, 0%, WA 00, DR 05 n) D ARES /M4 5454 E-mail: qzhao@tju.edu.cn

SIAR: BRKEL, XUBL, L3, 4F. GFRP AR RHREE 1 2 B ERE [1]. K atRR, 2021, 38(5): 1611-1622.
ZHAO Qiuhong, LIU Kai, WANG Fei, et al. Analyses on flexural behavior of GFRP-reinforced crumb rubber concrete beams|J]. Acta Materiae
Compositae Sinica, 2021, 38(5): 1611-1622(in Chinese).


https://doi.org/10.13801/j.cnki.fhclxb.20201106.002
https://doi.org/10.13801/j.cnki.fhclxb.20201106.002
mailto:qzhao@tju.edu.cn

- 1612 -

EEMRER

B TR B T A5 R R TR AP L
Z—, BTN TS, ESRRE . kR iE
FLZR TR XTI S R A5, N
S5 o i) 7 L A AN A TR RE T 4 R Y i R
TE—EREEE B2y T A IR BE L A5 R R o B
B 2T Y 3% 0 B 5 W) B 52 5 M BHAT (FRP) LLH A% i
R T BUE O AR AR T DR R A
DI C 2, [ St Bl 22 T & T X% FRP iR
B+ ZEIF5Y . Nawy % . Masmoudi 55, Theriault
SRR gEdE , FRP AR SE 30T LA AU DL
F7 TR S5 - 5 A6 vy T 5 A7 D o e S 1 i A T R
PG LF 4EFP IS AN TR, FRP i 0T 40 0 55 48 41 4 3%
SRR AW A MR (AFRP), %R 7 &1 2 1 9 3
HWE A AR (BFRP)., filk 2F 4k 3 58 3R 5 W) b1 kL
2 & i (CFRP) M B BE 4T A W R G WM B B &
i (GFRP) %6, H:+, GFRP i th T H #l1E T. 2
AHE AR, SAEAETUN TR Bk - 454 b4 2
JTE AT, By R R AR A, 5 2 GFRP
AR BE T BRI SR, B R SR B T 3 A R B A
TREE TR0 3~5 1%, H BRI 52 Me P B IR R AE
AT AE . HEARIR . oA Y @ ik GFRP iR B
A TR S 0 B 0 2 e e B, 78T T A 2 A I
MIEOL T, GFRP iR & R JT 2 A, H 244k
BT B, L4k (AL BE O T8 A A TR 9 A,
Hi T FRP i £ st b ok, LA TCAERERE ),
It FRP ff 1R B + 5 (1% 6 BE A8 7 1 g A% 75 3 B9 795
TREE T3,

PR B R TR B - o — Tl 252 T 46 16 0 JE T it
) A S UL T3 4 AR A i B H4B A AL e TR B 4 1 1
R B ek IR BE E AR, S EIREE R, H
HAH @ bt 24 6e . PR R AR K AERERE 1 Y,
V45 0 5 BHE % + 5 FRP 3L W) 5 F 2414,
A Bk FRP TR BE T R0 24 m 4, s 2 Mg
PERE IR RAAE, IR A5 FERERE )1 o 2= S50
PTG HEAT T AR A AR 4 RIS 1
125 S, K BLAE TR EE 1 o AR e £ kL AT 42
15 SN AR S SR R E - TR JF LS A, 4R e
TE 10%~60% Z [A] . {H iy T 45 i FURE 1) i P 455k 450
fiK, AHHEEBAREE L, TSI ESE
SR —EFEE R TR, 458w LN
SRRk 21 A5 ) 3 g T A AR U K Ak
Bi A it FlE T 5 C30 % VR 4 3 A g
ISR PR g SRIDE > Fiide ¥ R0 s S BUR % 0
B4Rt T S AR e B2 BHIR B 1 B 1z g - iy 7% 4 iy

LR,

A SR FRP #5058 e 42 BHR EE + 48 R i FH T
R Er, FIF FRP JH RAR i SRR E 1+ KA Y
U O PR RE , A P I A SR 2 MR R 25 A v Y R A
B8 ot ) R 5 ) AR S R YR 8 5 v T R B
A5, ffi 2 5 FRP /i g 5o Uh R M AR T, DT £
TSR, MR EE A REIR ;R AR I S R
TEEWFERERE J), KA FRP FFERERE 10U A2 o
AR E AR TR B 1 A AR W e T 3 T e
-, AR R oA R TH AR 9 T i) P 4 i — 2%
BRGEAR, 35 A R TH AR Ak S Y T 1
WIREE IG5 Y, [, Bl A 7 R KT i 4 i &
TP AR P2 AR 58 25, AR TR B+ B AR 77 A
AN A LB A B AR

HHT, 5¢T FRP g e 4 BHE B + A 78 09 A0
KM TE M A WL A TFHGE . L, A4 5% FRP
AR I S RHRBE 1 R Y 2 B HE 8, A SCAE FRP i
e 46 BHE BE + G2 22 R0 i SE kL, R R
i A4 ABAQUS #E 7 TR i = 44T BRCAR 1Y
#HA7 T AE 4 ME Push-down 708, FFHF5E T Ik 5
i . FRP BRI . TR BE 1 5 5 5 A A m
Xf FRP ffit5 i SE RHIR B R Pr S Mge g . 45
HABRTTH T XIS IR 455, T FRP #if%
i B B HE 8 - R B R 3 B 1IE A X

1 RIEHER

W 5E GFRP i 1% e 5 BHIR B + 2 1 L 45 1
fg, LBt T 6 MBI, KA 2000 mm,
T N~ 4 150 mmx200 mm. B1 3% 38 494 777 TR 8 +
Xt G E, Z P EAA N 16 mm, Ji IR 98
b 422 MPa, i B 58 B o 596 MPa, 5L 4 A5 i Oy
185 GPa. B2~B6 Jy GFRP iR+ il f, o h
g, Horf, 140 GFRP #i 9 /2K 12 mm, %
FR 5 3 Ry 747 MPa, FPE 45 &l 49.5 GPa; 2 43t
£ GFRP i {0 1142}y 16 mm, % FR58 ¥ % 810 MPa,
PPERI T 48.8 GPa. T A il FH AH W] A B2 57 3
FGESS , S EAR g 12mm, JH KSR N 459 MPa,
B 58 3 ol 639 MPa, 51451 2l 200 GPa; i fif
HAAN 6mm, J# R E K 470 MPa, % FRETHI5R
&} 637 MPa, #1236 GPa., #X Fk 21 45
AR I B TR BB 4 0 0%, 5%
10% MR I HE BHREE + 14 e, MR kB, @
WL AR AR BT, BEAS A R S 3 IR A
R RN+, At TN B, AR5t



BARKLL,55 . GFRP QB 4R R BE 1 32 52 25 P

- 1613 -

16 R FH B4 A i 45 R B8 SR FH Sk [15] AP 4 H 1
B bk A7 e ) o 0 TR O TR L S T R AR A
Blang 1 kF2 PR, mE20A, BIKIREE L+
(B0 B RE . BY S B i i R R SR R S 3
TREBE LAY, FEARSIHL T %% . 4% GB/T 50152—
2012 Fr A R R R LR, S5 1.8 m,
K F W 5 =0, B85 P 500 mm b 46 B
% 3 NIRRT XSS, & LRE 2 4 5N

P4 A S RN 8% R 9 A VR - A A
P, BEIRTEIR T G005 008 . FRP R E + R
J A, B2, BS Al B6 I (0B I i T2 K
IX IR %E + FERF, JJ5 FRP A YR 7 ;1 B3 Fil B4
Bt 4B D A BEIR B REAE , BEIR T 42 T FRP A
AORLIE , I 2 I X SRR 058 A T e 8
YT UM IR i B R 4B I SR 17,

®1 TEBKBERRLEAL

Table 1 Mix proportion of concrete with different rubber contents

Type Rubber/% Crumb Cement/ Water/ Fine Coarse Super
P °  rubber/kg kg kg aggregate/kg aggregate/kg Plasticizer/%
TC 0 0 300 165 839 1087 2.40
5% CRC 5 50 400 180 939 768 5.20
10% CRC 10 100 440 162 680 832 4.78
Notes: CRC—Crumb rubber concrete; TC—Traditional concrete.
*2 AEBRKRIEERELBEREEES
Table 2 Strength and elastic modulus of concrete with different rubber contents

Cubic compressive Split tensile Axial compressive Elastic
Type strength/MPa strength/MPa strength/MPa modulus/GPa

7d 28d 50d 28d 50d 50d
TC 235 29.8 31.0 2.11 25,5 30.8
5% CRC 22.7 29.1 29.9 1.82 24.7 27.9
10% CRC 24.9 32.9 33.2 2.00 25.5 30.6

R3 WRAHERESWESME (GFRP) HigRRER L RN GTESH

Table 3 Key parameters of glass fiber-reinforced polymer composite (GFRP)-reinforced crumb rubber concrete beams

) Span I/ Effective Rubber Erecting . Longitudinal angitudinal
Specimen height hy/ content of Stirrup @ . reinforcement
mm mm concrete/% bar D reinforcement @ ratio/%
B1 (Steel/TC) 1 800 161 0 2¢C12 d6@100  28C16 1.665
Group1 2 (GFRP/TC) 1800 163 0 28C12 D6@I100  2-12FRP 0.924
B3 (GFRP/5% CRC) 1800 163 5 26C12 $6@100  2-12FRP 0.924
B4 (GFRP/10% CRC) 1800 163 10 26C12 $6@100  2-12FRP 0.924
Group 2 B5 (GFRP/5% CRC) 1800 161 5 28C12 $6@100  2-16FRP 1.665
B6 (GFRP/10% CRC) 1 800 161 10 2¢c12 d6@100  2-16FRP 1665
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Fig.5 Tensile stress-strain curves of steel and GFRP bars
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* 4 B1-B6 iXHFHIFRITH T FIKIE KT R H AR PR E
Table4 Crackload and ultimate load of B1-B6 specimens by FEA and test

Specimen Load/kN Test value FEA value FEA/Test

Crack 18.5 14.9 0.81
B1 (Steel/TC beam) Ultimate 92.0 90.3 0.98

Crack 8.5 8.2 0.96
B2 (GFRP/TC beam) Ultimate 77.0 74.2 0.96

Crack 10.0 9.4 0.94
B3 (GFRP/5% CRC beam) Ultimate 71.0 74.6 1.05

Crack 10.5 10.2 0.97
B4 (GFRP/10% CRC beam) Ultimate 81.0 79.2 0.98

Crack 10.0 9.5 0.95
B5 (GFRP/5% CRC beam) Ultimate 102.0 103.0 1.01

Crack 10.5 10.3 0.98
B6 (GFRP/10% CRC beam) Ultimate 99.0 116.0 1.17

x5 BHRTEBESEIGIT
Table 5 Parameter design of finite element models
Model Rubber content FRP bar Strength grade Beam section Cracking Ultimate
of concrete/% diameter/mm of concrete height/mm load/kN load/kN

S1 0 10 C30 200 6.3 51.5
S2 0 12 C30 200 7.1 71.9
S3 0 14 C30 200 7.7 90.5
S4 0 16 C30 200 8.1 99.4
S5 0 18 C30 200 8.3 95.7
S6 5 10 C30 200 7.8 55.3
S7 5 12 C30 200 7.9 73.2
S8 5 14 C30 200 8.0 90.9
S9 5 16 C30 200 8.2 97.4
S10 5 18 C30 200 8.4 99.7
S11 10 10 C30 200 7.9 55.5
S12 10 12 C30 200 8.1 73.8
S13 10 14 C30 200 8.3 89.9
S14 10 16 C30 200 8.5 99.5
S15 10 18 C30 200 9.1 101.0
S16 15 10 C30 200 8.1 56.7
S17 15 12 C30 200 8.3 75.1
S18 15 14 C30 200 8.4 91.9
S19 15 16 C30 200 8.6 101.3
S20 15 18 C30 200 9.2 104.8
S21 10 16 C25 200 8.2 98.1
S22 10 16 C35 200 10.2 110.9
S23 10 16 C40 200 12.6 120.7
S24 10 16 C30 250 12.7 170.1
S25 10 16 C30 300 20.5 211.8
S26 10 16 C30 350 26.5 235.6

¢ 6 A& 10 AT AT, AH Eb GFRP fifi % @ IR &k + 32, GFRP #j .

GFRP i 2 i 16 #E + % i W BR 7R 28 ) Bk R 3.2.2 LA A 5 )

B, 7E—2LR5 00 PR RN, X FZREHTix 11 5 VR 5 RSB R 15% AR I
BB BE R S50 AR IR Bk 1, T R R TR RE A [) T A7 R A Y ) fp -5 rh e B i 2k . ]
55 38 30 VR E - AR TGRSR, i R PR R R A DLF H, GFRP LA 8K, RE RN S
AHEE T W VR 0T, AR TT R RO R IR SN et N N iR o = A R O E 73 4 N 187 N 0
BRGNS, JFW AT aRSoRE, Tmma AT MR,
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ACI 440.1R— 152" Il CSA S806—122% 45 1} FRP
19530 3 VR e R PR A2 R R B R AR .

2
ff _ [\/(Efjcu) + (Ylﬂlf;: Efgcu —O.SEfScu] < ﬁ‘u (5)

Pf

__ Biga
Eeu+ fru/Et
X E o GFRP i e it s o, IRBE LY
WA (B R IV 28 5 fro 9 GERP Al B FRPTFLSREE 5 £
DR EE - 0BT SR BE (B s Ar iy GFRP ffj A8 5 1T
B f oRIREE PR SR BEE s b N
1] 56 B 5 hos i GFRP i 5 7 st 4 48 1 T00 350 £F 24 11
PEBG s x MIREE 2 R X m B o Yk 32
71 GERP fifi B BC 5 % 5 f; 4 GFRP fifi B9 H0 H7 58 JiE
pm } GERP i IR + 2 00 P LA %5 oy FI B K
R

VA BRI o0 B 45 31 19 1 BR 52 25 7R 48 ) 5 i iR
X (6) BT A AE VAT X e, XL ZE AR 7 FToR .
AN, GFRP ffi #4 l 45 BHE B + 2 194 B oo 0
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Table 7 Comparison of ultimate flexural capacity from FEA and calculation

Specimen oo Ultimate ﬂext}ral capacity Ultimate flexural capacity MM,
and model from calculation M,/(kN-m) form FEA M, /(kN-m) nie
S6 0.86 17.400 17.973 1.03
S7 1.25 21.185 23.790 1.12
S8 1.72 23.298 29.543 1.27
S9 2.58 25.115 31.655 1.26
S10 3.28 26.673 32.403 1.21
S11 0.76 17.394 18.038 1.04
S12 1.11 22.498 23.985 1.07
S13 1.52 24.635 29.218 1.19
S14 2.27 26.448 32.338 1.22
S15 2.89 27.982 32.825 1.17
S16 0.77 17.373 18.428 1.06
S17 1.11 22.399 24.408 1.09
S18 1.52 24.500 29.868 1.22
S19 2.28 26.276 32.923 1.25
S20 291 27.773 34.060 1.23
S21 2.84 23.563 31.883 1.35
S22 1.89 28.910 36.043 1.25
S23 1.62 31.046 39.228 1.26
S24 1.74 41.489 55.283 1.33
S25 1.41 59.361 68.835 1.16
S26 1.18 79.535 76.570 0.96
B3 1.92 21.177 23.075 1.09
B4 1.25 22.490 26.325 1.17
B5 1.11 25.115 33.150 1.32
B6 2.58 26.448 32.175 1.22
Average value 1.184
Coefficient of variation 0.083

Notes: p-Reinforcement ratio of GFRP bars under longitudinal stress; pg,-Balance reinforcement ratio of GFRP reinforced concrete beams.
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