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Experimental study on mechanical performance of
GFRP-self-compacting RPC composite specimens
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(a. School of Civil Engineering; b. Hunan Engineering Research Center for Intelligently Prefabricate Passive House,

Hunan University of Science and Technology, Xiangtan 411201, Hunan, P. R. China)

Abstract:Generally, the failure modes of FRP(Fiber Reinforced Polymer)-concrete composite structures are the
interface peeling between FRP and concrete as well as the shear failure caused by insufficient shear bearing
capacity of its own cross section. In this study, in order to improve the shear capacity of FRP-concrete
composite structure, we tested five GFRP (Glass Fiber Reinforced Polymer)-Self-compacting RPC(Reactive
Powder Concrete) stirrup composite specimens with GFRP shaped from multi-T-rib grooves. Discussion with
the effects of interface treatment, stirrup configuration, and shear span ratio on composite specimens’

mechanical properties. Measured the deflection and strain, respectively, and observed the formation and

W %e B #7:2020-11-15

EETE W8 A A AR 248 (2020)74313) ; 5 A AR RE 7 2k 42 (51578236) ; W] 1 4 5L 4 52 98 25 T Al 2 42 (19K033)

EEB N A (1968- ), 5 4, 28z, TSI BE 1 25 H FEIE M Hop R FHIF Y, E-mail : 1531290279@qq.com .

Received:2020-11-15

Foundation items:Natural Science Foundation of Hunan Province (No. 2020JJ4313); National Natural Science Foundation of
China (No. 51578236); Open Fund of Key Laboratory Foundation of Hunan (No. 19K033)

Author brief:ZHU Mingqiao (1968- ), PhD, professor, main research interests: concrete structure theory and application of

new materials, E-mail: 1531290279@qq.com.



% 6

AR, % . GFRP— 8 % 5% RPC 4B 43X A 5 M 48 X 2 AF 77 115

development process of cracks and their failure state. The results show that the interface sand adhesion

treatment of GFRP plate and the arrangement of transverse penetrating reinforcement can enhance the interface

shear strength between GFRP plate and concrete, obviously improve the cooperative performance of the two,

and enhance the ultimate deformation capacity of composite specimens; the interface sand adhesion and stirrup

arrangement can improve the shear bearing capacity of composite slabs and improve the failure mode to a certain

extent; the higher the cross section of the specimen, the higher the bearing capacity, but the utilization of GFRP

material will be reduced.

Keywords: glass fiber reinforced polymer; reactive powder concrete; ultimate load; shear capacity; failure mode
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Table 1 Design properties of specimens
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Fig. 2 Detail drawing of specimen structure and schematic diagram of loading device
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Fig. 6 Crack distribution diagram of specimens
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S¥4 121 145 0.83
S5 200 191 1.04
X A
V= a. fibh, Jrfva ho (1)

Ao VS BB R BE 05 A 52 B R 80



122 L AL HFHE TR

FAmOF % L)

% 44 %

THE 5 a0 4 52 BT 7R BT BB A O B B AE [R] — A
PR i A5 25 T ey e S 4B o A 5 5 O T A IR T 1)
F1% 3 37 113 B2 5 g i A5 BIC 7 9 P2 A

4 #Hig

BEXF FRP-YR & + 41 & 32 140 48 1 be 59 7K 48 e
R B Bl L 45 T BN GFRP MR 5 1R 88 + 41
A G B4 A 0 5 vk B IR IAE T 54> GFRP-
F % 92 RPC 20 G a1, 38 3 # J7 m 28050 & 30

1) Jic ¥ 4 /55 A0 GERP AR (1) 5 1K b 4b 2 fig
= GFRP M 5 IR % + W& Z (8] 9 B [8] T 4E M 6g
B A IR AL RE T UGS B A

2) 5 ML B AR T LA 32 B R 4% ) R 2 TR
1HL 40l 75 7 T 2k 3% T GFRP—IR BE 1 41 & 38 1 i
WA T T GFRP-IRBE + 414 45 49 1) 7 1 Rl 45
P B8 AR BRAZ I B8 7, 38 5 T 4 A il 1 19 B 89 7Rk 3
RE Do A BILA TG 40 2% J2 78 40 & 45 W R ObA RV RE 1Y
KRR Z — A FRFERAMR

3) U1 A R T R B G AL B 2 R B R 4 5
M 258 K, LA B A, 45 /) 0 e O R A, G T 7R 2 B
J1E R, {2 GERP AR FI 23 25 A i BE AR .

BE HE

5% 3tk

(1] w30, 5 FRP LTRSS iy i 5 & e (7], 4

A TR, 2006, 39(3): 24-36.
YE L P, FENG P. Applications and development of
fiber-reinforced polymer in engineering structures [J].
China Civil Engineering Journal, 2006, 39(3): 24-36. (in
Chinese)

[2] HOLLAWAY L C. The evolution of and the way
forward for advanced polymer composites in the civil
infrastructure [J]. Construction and Building Materials,
2003, 17(6/7): 365-378.

[3] Bt . B bR & a5 M (7], £ TR 224, 2018, 51
(12): 1-11.

TENG J G. New-material hybrid structures [J]. China
Civil Engineering Journal, 2018, 51(12): 1-11. (in
Chinese)

[4] mAEsc, FEVrmG, BOR R, 55 . S 4e 0 9R 5 G A R 22

4549 2019 4F BEWF ST R [T]. AR L5 3R 88 TR 27 ik (3
), 2020, 42(5): 192-200.
YE H W, TANG S Q, DUAN Z C, et al. State-of-the-
art review of the application of fiber reinforced polymer
in bridge structures in 2019 [J]. Journal of Civil and
Environmental Engineering, 2020, 42(5): 192-200. (in
Chinese)

(5] M. ZamMEELARTEDRE RSN HUL 385
W/ Z A RRE, 2014(9): 99-104.

FENG P. Development and application of composite in
civil engineering [J]. Fiber Reinforced Plastics/
Composites, 2014(9): 99-104. (in Chinese)

AR, BRANEE T AF L R LERG IR A R R R A
2y v i) & R BRI T]. Tk ' BT, 2016, 46(4): 98-
103, 113.

GAO K W, CHEN X B, DING Y, et al. The

—
(o}
[

development and application of FRP in new structures
[J]. Industrial Construction, 2016, 46(4): 98-103, 113.
(in Chinese)

AKBARZADEH BENGAR H, AHMADI
ZARRINKOLAEI F, BOZORGNASAB M. Shear

capacity of lightweight concrete beam reinforced with

—
-3
[

glass fiber-reinforced polymer bars [J]. Iranian Journal of

Science and Technology, Transactions of Civil
Engineering, 2020: 1-10.

NEAGOE C A, GIL L, PEREZ M A. Experimental

—
co
-

study of GFRP-concrete hybrid beams with low degree
of shear connection [J]. Construction and Building
Materials, 2015, 101: 141-151.

HUANG L, ZHANG C, YAN L B, et al. Flexural

—
©
[

behavior of U-shape FRP profile-RC composite beams
with inner GFRP tube confinement at concrete
compression zone [J]. Composite Structures, 2018, 184:
674-687.

[10] NIE X F, FU B, TENG J G, et al. Shear behavior of
reinforced concrete beams with GFRP needles [J].
Construction and Building Materials, 2020, 257:
119430.

[11] EL-HACHA R, CHEN D. Behaviour of hybrid FRP-
UHPC beams subjected to static flexural loading [J].
Composites Part B: Engineering, 2012, 43(2): 582-593.

[12] HADI M N S, YUAN J S. Experimental investigation
of composite beams reinforced with GFRP I-beam and
steel bars [J]. Construction and Building Materials,
2017, 144: 462-474.

[13] #1 TR, &6, AIRA . GFRP—IREE + 415 M J1 2% P RE
WFaE (7). 25 8%, 2019, 64(3): 120-122.

BAO W G, HUANG Q, TONG Z J. Study on
mechanical properties of GFRP- concrete composite slab
[J]. Highway , 2019, 64(3): 120-122. (in Chinese)

[14] XU T, HE Z J, TANG C A, et al. Finite element
analysis of width effect in interface debonding of FRP
plate bonded to concrete [J]. Finite Elements in Analysis
and Design, 2015, 93: 30-41.

[15] ZHANG P, LIU X Y, LI Q L, et al. Experimental and



% 6 MM, H :GFRP- 8 & % RPC A& X /1 5 M AL X B 5T 52 123
theoretical studies on the shear performance of strength  concrete under seawater immersion [J].
innovative box-shape FRP profile-concrete hybrid beams Construction and Building Materials, 2020, 259:
[J]. Structures, 2020, 28: 2772-2784. 119799.

[16] iy, FESCH, BROKRR . 2k T R FF AL AL FRP—IR [(21) BLWINE , FaEM, E8, 5. FiF GFRPEM 5 WE &

BE AR DR E TR 0], S A M 2 4R, 2012, R PRI IR A R [T]. AR5 B TR 2 4R (b 3 30),
33(9): 136-140. 2019, 41(4): 104-111.
GAO Z X, WANG W W, ZHANG Y K. Study on ZHU M Q, LI Z B, WANG Y, et al. Tensile test of
shear capacity of FRP-concrete composite beams based pultruded GFRP pipe connected with steel pipe [J].
on strut-and-tie model [J]. Journal of Building Journal of Civil and Environmental Engineering, 2019,
Structures, 2012, 33(9): 136-140. (in Chinese) 41(4): 104-111. (in Chinese)

[17] KOAIK A, BEL S, JURKIEWIEZ B. Experimental [22] Z=W bk, 48 & &, L4 . Pifh FRP—IR§E + 241 & B X}
tests and analytical model of concrete-GFRP hybrid EER B0 S B 89 (7). DU TR A2 i Gl A e 5
beams under flexure [J]. Composite Structures, 2017, TR, 2013, 37(5): 984-988.

180: 192-210. LT S L, ZOU X X, WANG J Q. Comparative

(18] =B d, &, aea i, 2 B4k T GFRP - experimental and theoretical study on the interfacial
VRUE AW S PE R B F ST [T]. W e ok 2k 2k shear behavior of two types FRP-concrete composite
WA RB2E ), 2017, 44(3): 19-27. beams [J]. Journal of Wuhan University of Technology
GUO S H, CAI C S, ZHANG J R, et al. Static (Transportation Science &. Engineering), 2013, 37(5):
experimental study on performance of GFRP-concrete 984-988. (in Chinese)
composite bridge deck with an optimized interface [J]. (23] ABICE, B TUR . E PR AR B LTI R [T]. SR
Journal of Hunan University (Natural Sciences), 2017, %4, 2015, 36(10): 44-58.

44(3): 19-27. (in Chinese) ZHENG W Z, LV X Y. Literature review of reactive

[19] ZPiE, L4, 25K, 5 GFRP-IE%E + 41 & W L if powder concrete [J]. Journal of Building Structures,
U9 BAE AR A0 IR 0 B S [0). TR )2, 2017, 34(2): 2015, 36(10): 44-58. (in Chinese)
216-225. [24] VR %E £ 45 HHLIE: GB 50010—2010 [S]. b5t i E
GUO S H, KONG B, CAI C S, et al. Experimental AL Tl AL, 2011.
study on the interface behavior of GFRP-concrete Code for design of concrete structures: GB 50010-2010
composite deck [J]. Engineering Mechanics, 2017, 34 [S]. Beijing: China Architecture &. Building Press, 2011.
(2): 216-225. (in Chinese) (in Chinese)

[20] ZHANG P, HU Y, PANG Y Y, et al. Experimental

study on the interfacial bond behavior of FRP plate-high-

(th#t FH32)



