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Behaviour of Lightweight Concrete Slab Reinforced with GFRP Bars under Concentrated Load
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Abstract

This paper is a preliminary study to apply the lightweight concrete slabs reinforced with GFRP (glass fiber reinforced polymer)
bars to the bridge deck slabs or some other concrete structures. So, some different behaviors between the conventional steel
reinforced concrete slab and the lightweight concrete slab reinforced with GFRP bars were investigated. For this purpose, a number
of slabs were constructed and then the three point bending test and numerical analysis for these slabs were performed. The flexural
test results showed that the lightweight concrete slabs reinforced with GFRP bars were failed by the shear failure due to the
over-reinforced design. The weight and failure load of the GFRP bar reinforced lightweight concrete slabs were 72% and 58% of
the steel reinforced concrete slab with the same dimensions, respectively. Results of the numerical analysis for these slabs using
a commercial program, midas FEA, showed that the load-deflection curve could be simulated well until the shear failure of the
slabs, but the applied loads and the deflections continuously increased even beyond the shear failure loads.
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Photo 1 GFRP bar used in this study

Table 1 Mechanical properties of steels and GFRP bars
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27MPa¥] #v|-& ARSIt
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Bee.
(a) coarse aggregate (b) fine aggregate

Photo 2 Shape of coarse and fine aggregates of lightweight
concrete

Table 2 Physical properties of lightweight aggregates

Tvpe Fineness Bulk specific gravity in saturated
¥p modulus surface dry
Fine aggregate 2.66 1.92
Coarse aggregate 6.77 1.68

Modulus of Yield Tensile . .
Bar ; .. Ultimate strain
tvpe Diameter elasticity strength | strength (x10°%)
P MP2) | (MPa) | (MPa)
D10
Steel 200,000 512 649
D13
GFRP 9 49,000 N.A. 1,120 22,800
bar P13 48,000 N.A. 1,088 22,600

Table 3 Mix proportion of lightweight concrete

i Unit mass (kg/m’)
s?risrllztnh Slump | Air | W/C | S/a ¢ iE
water
(MPa) em) | @ | @ | B | c |W|S |G reducer
27 12 55 | 38 | 44.6 | 680 | 259 | 914 | 994 4.7
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Table 4 Details of slabs

A

3. &2 24

oo
ot

3.1 s A ME

2 AFoA= Fig. 13 2o dolxExF7A7} 2,400mmx
1,200mmx150mm, -F&3°] 120mm, A7+ 1,700mm®!
SUE AFAE 457 ARSIl o5 APAES dnk4]
ol A ZAYE £He} GFRP R AHEAYE &
#uo] A% o]y A xS W] S, ARgd
FAYES} B Frell whEt Table 4] AEA| A
o} o] A=k AEA WollA A WA A AR
H ZAYES FHN:REEZAYE, LAGEAYE), T
HA A= 8 BT SRS ET, G:GFRP X7,
il o]ofA= wARs ARBEEE sH B0 R AR
BH7e] A7 VRt wEbA] olE S0 NS134EA]
HEFIES} D13 S ARt Al A3AE
7} 71ct,

NS13A A (FH BT 2.93%)= FRATH] 7} 0.53%
2A A BARE AAE5L, NG13 2 LGI3AAA (3
BT 026%)= ¥ B2 0.53%24 & s

I

Fr o

2 B
+— + 4 + 4 1R
8 ’ 925 e o
2 E * -4 % ]
— 8 + + 4 & =
B v .o g
T A + 45
] * [=]
= B
Q = ! 30%30
QE ‘ :{: :{: ;{; ;{; | 2L
150
250 | 1.700 | |50
foo 2.400 100

Fig. 1 Dimensions and reinforcement details of slab (unit: mm)

. Bottom reinforcement | Top reinforcement in | Bottom reinforcement | Top reinforcement in
Specimen Concrete type Bar type . . L . . . o L
in transverse direction | transverse direction |in longitudinal direction| longitudinal direction
NS13 Normal Steel D13@200 D10@200 D10@200 D10@200
(0.53%)
NG13 Normal GFRP bar 213@200 29@200 Z9@200 Z9@200
(0.53%)
LG13 Lightweight GFRP bar @((1)35%5(;0 @9@200 29@200 29@200
it 0,
LG9 Lightweight GFRP bar ?(?2@72%0 29@200 29@200 29@200
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Fig. 2 Specimen setup dimensions (unit: mm)
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Photo 3 Test setup
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Fig. 3 Load—deflection behaviour at midspan
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Photo 4 Crack patterns of lateral and bottom surfaces after failure
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Fig. 4 Load—strain curve
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Fig. 5 Load—crack width curve
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Table 5 Test results

Initial crack Failure
Crack Mode
Specimen | Load | Deflection Load | Deflection wriZ:h ‘Of

(kN) (mm) (kN) (mm) failure

(mm)
Flexure
NS13 55.25 4.10 355.15 55.52 1.480 | —shear
failure

NG13 45.20 1.60 271.00 46.9 2.606
LGI3 | 3825 078 | 20540 | 1990 |1986| rear
failure

LG9 37.15 0.48 181.80 17.72 1.638




Table 6 Summary of previous study (Jeon et al., 2012)

Initial crack Failure
. Mode
Specimen | Load | Deflection Load | Deflection Cr'th _Of
&N (mm) &) | mm) | | failure
(mm)
Flexure—
CONT 94.20 1.72 428.65 31.42 | 3.508 | shear
failure
N13 111.60 1.74 338.90 24.04 | 2.114
L13 89.35 132 | 27285 | 1908 | 1222 | Oh
failure
L9 30.50 0.70 236.6 24.24 1.6
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Fig. 7 Predicted and measured load—deflection curve

Table 7 Parameters used for interface element

Normal stiffness Cubic function
Specimen modulus (K., ) Tensile strength | Shear slip
(N/mm3) (MPa) (mm)
NS13 100 2.48 0.06
NG13 70 2.48 0.09
LG13 50 3.02 0.12
LG9 50 3.02 0.11
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