GFRP barg

[Hok

[BZT02 A3 ZYBYZI2|E SefHo| AT T I|EN 7

A Fundamental Study for the Behavior of Lightweight Aggregate Concrete Slab
Reinforced with GFRP Bar
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Abstract

In this paper, to intend anticorrosive effect and weight reduction of conventional reinforced concrete slab, lightweight
concrete slab reinforced with glass fiber reinforced polymer (GFRP) bar was considered and some basic behaviour of the
slab were investigated. Measurement of splitting tensile strength and fracture energy of the concrete, a number of
flexural experiment of the slab, numerical analysis using nonlinear finite element analysis, and comparison of the
experimental results to the numerical analysis, were conducted. As a result, even the weight of the lightweight concrete
slab could be reduced by about 28% than the normal concrete slab, failure load of the lightweight concrete slab was 36%
smaller than the normal concrete slab. Such a thing can be attributed to the lower axial stiffness and lower bond strength
of GFRP bar. In the numerical analysis, to consider decreasing property of bond strength of the lightweight concrete,
interface element was used between the concrete and the GFRP bar elements and this method was shown to be a better
way for the numerical analysis to approach the experimental results.
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Table 1 Mechanical properties of steel and GFRP bars

Modulus of|  Yield Tensile
Bar type | Diameter | elasticity | strength | strength Remark
(MPa) (MPa) (MPa)
D10
Steel 200,000 512 649 SD400
D13
9 41,000 N.A 1,020
GFRP
13 40,000 N.A. 900
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Table 2 Physical properties of aggregates

. Specific | Fineness Bulk-spec1f1c Production
Type . density in saturated
density modulus country
surface dry
Fine 1.92 2,66 1.92 Japan
aggregate
Coarse 1.68 6.77 1.68 Japan
aggregate
Table 3 Mix proportion of lightweight concrete
: Unit mass (kg/m’)
SIt)reeSrEtnh Slump | Air |W/C| S/a AF wat
9 % % . water
(MPa) (mm) | B | B | @D | c | W S G reducor
27 120 | 55| 38 | 43 | 680 | 259 | 914 | 994 4.7
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(@) Normal concrete (b) Lightweight concrete

Photo 1 Concrete cylinders tested to failure in compression
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Fig. 1 Specimen size for measurement of fracture energy of
concrete (unit: mm)

Table 4 Fracture energy of concrete(N/mm)

Specimen No. §

Concrete type 1 2 3 Average
Normal concrete 0.07 0.05 0.08 0.07
Lightweight concrete 0.05 0.05 0.05 0.05
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Fig. 2 Dimensions and reinforcement for slabs
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Table 5 Details of slabs

Specimen Concrete tvpe Bar tvoe Bottom reinforcement in | Top reinforcement in | Bottom reinforcement in | Top reinforcement in
P P D transverse direction transverse direction longitudinal direction longitudinal direction
CONT Normal Steel D13@200 D10@200 D10@200 D10@200

(0.53%)

N13 Normal GFRP 213@200 29@200 29@200 29@200
(0.53%)

L13 Lightweight GFRP 213@200 29@200 29@200 29@200
(0.53%)

L9 Lightweight GFRP f?sg@?%%o 29@200 29@200 29@200
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(a) CONT

(0) L13
Photo 3 Crack patterns of bottom surface at peak load
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Table 6 Summary of test results

Initial crack Failure Stiffness after
Specimen Load Deflection Load Deflection Crack width initial crack Mode of failure
&N (mm) (kN) () () (kN/mim)
CONT 94.20 1.72 428.65 31.42 3.508 11.26 Flexure failure
N13 111.60 1.74 338.90 24.04 2.114 10.19 Flexure failure
L13 89.35 1.32 272.85 19.18 1.222 10.27 Flexure failure
L9 30.50 0.70 236.6 24.24 1.6 8.76 Flexure failure
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Table 7 Constitutive model of concrete for numerical analysis

Concrete

Compression Tension Shear
type

Constant Linear Elastic

Nomal i —
concrete

Constant Brittle Elastic

Lightweight N E— !
Elastic Modulus G

concrete
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Table 8 Parameters used for interface element

P(kN)
& ig
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Normal stiffness Cubic function
Specimen | modulus (5") Tensile strength Shear slip
(N/mm®) (MPa) (mm)
CONT 100 2.48 0.06
N13 70 2.48 0.1
L13 50 3.02 0.5
L9 50 3.02 0.5
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