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Abstract: Through four-point bending tests on four full-scale specimens, this study investigates the mechanical

behavior of medium-span glass fiber reinforced plastic (GFRP) grid-reinforced plant fiber reinforced cementitious
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composites (PFRCC) prefabricated monolithic one-way composite slabs under positive and negative bending
moments. The influence of concrete cover thickness on failure modes, crack distribution, strain development,
load-bearing capacity, and ductility was analyzed. The results indicate that prior to the failure of the positive-
moment specimens, there is no obvious deformation, and the load drops sharply after the fracture of the GFRP
grid. The failure process of the negative-moment specimens is gentle, similar to that of a moderately-reinforced
beam, and ultimately, crushing occurs in the compression zone of both types of specimens. Compared with the
small-span slabs, the medium-span composite slabs exhibit greater deflection and more prominent geometric
nonlinear effects. This composite slab combines the advantages of light weight and good ductility. The ultimate
bearing capacity of the positive-moment specimens is approximately 50% and 23% higher than that of the
negative-moment specimens and the cast-in-place slabs with the same cross-section respectively. However, due
to the unfulfilled bridging advantage of the GFRP grid and the relatively low compressive strength of PFRCC,
the bearing capacity of the negative-moment specimens is about 17 % lower than that of the cast-in-place slabs.
In addition, placing the precast slab in the tension zone can significantly inhibit the crack propagation, and the
crack spacing of the positive-moment specimens is 20%-30% smaller than that of the negative-moment
specimens. Finally, based on the test results, the basic value of the plastic influence coefficient of the section
resistance moment in the cracking moment formula in the code is corrected, providing a reference for the design
of similar components.

Keywords: plant fiber; reinforced cementitious composites; glass fiber reinforced plastic grid; medium-span

slabs; composite slab; mechanical behavior
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Fig. 1 Sample production process diagram
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Fig.2 Concrete-based plant fiber precast assembled composite slab construction detail drawing
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Fig. 4 Test specimen size and test results
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Fig. 5 Schematic diagram of loading device

INo AL B 12N AR AL S id i ST1~ST1
2, FH 7 W 00 i e 7 R A 1 AR kR LA 5 Al ] A
R E S A RLAR J, DL 5 e b 0 Ry AR A

AR EWME S5 (a) PR, S5 IR X ~X;, 4
90 FE LA ek S AR TR AV A% o 8 8 1) 32 A% i
MR, Hop s R 8 A=X-(X,+X,)/2, il 1d 245
B JEE W SO0 o Y A R AE b AR B R R R
P A il 2k R oh, SRR UL S R AR i B BT A R A
B0 ™ B T P 42 fih A B T A9 32 80, WOk & i A I
AR

2 R KR KEFE

2.1 HEUK

25 0 Ao 2 -5 P B (P-A) i 2R R TR
7, B LR RS R W K T B A A TR 50 4n 1 8 T
7N o HI B 8 AT, £ G 1 g 2R X i B i N T
0. 1 mm, 7] LA Sk 55 1o A % ¥ A% T 2w AR it i1
MR X F A h T b ai B B, &G ok b

A DA A R I e bR 00 A A R AN 1 6 BT KA B 2 PR Y KT 40 S el p By 28k . LA B ASR
2 WEHHRSH
Table 2 Parameters of steel bar materials
GIVIEE Jit 1 5 B /M Pa PUPLiE E /MPa R/ GPa it i % A% /1076 Wi 5 KR/ %
HRB400E 465 578 210 2214 26
R3I WEAFENSY
Table 3 Parameters of GFRP grid

) . Wr 2447 Jy /(N/mm) o

2124 ) 44 R M FLi £ /mm W /(g/em?) pyes prs Wi A 32/ %% HPERL G/ GPa
i B GFRP ¥ 4% 5 2.58 17.2 19.5 3.3 65




REE,F P FHEARRAMMD AT LR L@ BEMG LA M 5

% XX #
11
4175 B£1600mm 20+120mm
| —l
STI0) ST7 ST1
] ] ST8 ST2
ST2(8)
| | ST9 ST3
IST3(9)| 1-| -1 120mm
ST ST4
ST4(10)
I I STI: STS
ST5(11)
Lol ST ST 20mm
ST6(12)
11 1-107 T P il

(a) 5 H Ak 59 17
Ee MERHEE

Fig. 6 Strain gauge layout diagram
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Fig. 8 Final failure diagram of the specimen
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Table 4 Deflection at mid-span and failure mode of key

points of specimens
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mm mm mm mm
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FB1 5.9 48.8  247.1 A
FB2 5.6 66.1 281.1 A
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Fig. 9 Comparison chart of specimen bending moment

and mid-span deflection
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Fig. 10 The relationship curves between the maximum

crack width and mid-span deflection as well as load
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Fig. 11 Distribution map of cracks on the plate side
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Table 5 The spacing and quantity of cracks in the specimens
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Fig. 12 Rebar bending moment-strain curve
L AR AN 13 T 7s o A5 T AR T 2R, BE A fr %k
R385 o, YR R e W R AR X B 5 O B NS Y
KIFfa etk hvE g AN b B o B ARk R p AR
BE AT g B BE AR R MR AL A5 5 T BUE L R
B 7 9 4] A T 2T 5 201 20 1) 6 B i R 4 4 b O AR
JEBE T, 1] s A T Ak W 5 i 3 % 52 e m] 228

—=— F=2.72kN
—e— F=4.60kN
—— F=6.52kN
—v— F=8.31kN
—+—F=10.33kN
—<—F=12.19kN
—— F=14.42kN
—e— F=14.34kN
—+— F=16.26kN
—+—F=16.81kN

" " " "
1000 1500 2000 2500

N4 Iue

13 XECBIEFHEENT

Fig. 13 Strain at the mid-span section of specimen CB1
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Table 7 Ductility factor

[ERER RE A,/mm A,/mm u
CB1 12. 88 66. 48 5.16
CB2 27.82 93. 34 3.36
FB1 107. 43 369. 86 3.44
FB2 118. 84 375.45 3.16
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Fig. 14 Original cross-section of the composite slab
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Table 8 Comparison of theoretical and experimental

values of cracking moment of composite slabs

1 i 5 M./(kN*m)  M,/(kN-m) M./M,
CB1 12.96 11.54 1.13
CB2 12.87 11.01 1.17
FB1 9.46 3.45 2.74
FB2 9.39 3.31 2.84
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Table 9 Basic value of the plastic influence coefficient of

Ym— (13)

the section resistance moment of composite slabs

K55 fi/MPa  M,/(kN-m) I A

CB1 2.12 11.54 1.38
1.35

CB2 2.12 11.01 1.33

FB1 2.12 3.45 0.48
0.47

FB2 2.12 3.31 0.46
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