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Experimental Study of Concrete Beam with FRP Plank as
Formwork and Reinforcement

Seung-Woon Yoo"*, Han-Ug Bae”, Michael Olivaz), and Lawrence Bank”

"Dept. of Civil Engineering, Kwandong University, Kangnung 201-701, Korea
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ABSTRACT We perform an experimental study of concrete beam with pultruded fiber reinforced polymer (FRP) plank using as a per-
manent formwork and the tensile reinforcement. A satisfactory bond at the interface between the smooth surface of the pultruded plank
and the concrete must be developed for the FRP plank and the concrete to act as a composite structural member. Two kinds of aggregate
were bonded to the FRP plank using a commercially available epoxy. No additional flexural or shear reinforcement was provided in the
beams. For comparison we test two types of control specimen. One control did not have any aggregate bonded to the FRP plank and the
other control had internal stee] reinforcing bars instead of the FRP plank. The bearns were loaded by central patch load to their ultimate
capacity. The experimental results were compared to current ACI 318 (2005) and ACI 440 (2006) code predictions. This study dem-
onstrates that the FRP plank has the potential to serve as formwork and reinforcing for concrete structures.
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Fig. 2 Approximate cross-sectional dimensions of FRP plank (mm)

Table 1 Details of the test beams
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Fig. 3 Dimension and typical instrumentation of specimens (mm)

£ Span |

Specimen 1D Span length (mm) Tensile reinforcement Compressive strength (MPa)
S1 1,090 Gravel coated FRP plank 25.8
S2 - 1,090 Sand coated FRP plank 25.8
S3 1,090 Sand coated FRP plank 24.5
. Cr* 1,090 FRP plank 25.8
S4 B 1,830 Sand coated FRP plank 32.1
S5 1,830 Sand coated FRP plank 335
C2%* 1,830 Steel reinforcement 329

*Control specimen

Table 2 Mechanical property of FRP

Type Production method

Design strength (MPa) Modulus of elasticity(MPa)

GFRP Pultrusion process

481.3 26,889.7

Table 3 Mechanical property of epoxy

Tensile strength Elogation at break
(MPa) (%)

Compressive yield
strength (MPa) (MPa) (MPa)

Compressive modulus Shear strength

345 1

2,200 16.5
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Fig. 5 Manufacture of test specimen
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Fig. 7 Experimental setup for specimen $4 prior to loading

(a) Crack pattern and failure mode of specimen S1(shear failure)

{b) Crack pattern and failure mode of specimen S2(shear failure)

{c) Crack pattern and failure mode of specimen S3(shear failure)

{d) Crack pattern and failure mode of specimen C1(flexural failure)

Fig. 8 Specimens S1-83 and C1 after test
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Table 4 Test results of initial cracking load and ultimate load
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Specimen 1D Span length | Initial cracking load | Normalized initial cracking | Failure load |Deflection at failure |No. of flextural
(cm) (kN) moment* (kN-cm) (kN) load (mm) cracks
St 109 15.6 439.5 63.2 3.556 11
S2 109 20.9 590.9 66.7 4216 9
S3 109 222 645.1 57.4 4216 9
C1 109 15.1 427.1 16.9 0.432 3
S4 183 12.5 527.6 59.6 16.993 22
S5 183 12.0 498.3 65.8 17.907 29
C2 183 8.0 335.6 383 54.483 22

* Normalized value to concrete with 27.6 MPa of compressive strength
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Fig. 9 Load-displacement curves for specimens $1-S3 and C1

Table 5 Strains of FRP plank and concrete
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Fig. 10 Load-strain curves for specimens S1-S3

Specimen 1D Strain at initial cracking load (x 10™°) Strain at failure load (x 10™°)
Concrete (compression) FRP (tension) Concrete (compression) FRP (tension)
S1 74 37 740 3,000
S2 164 179 812 4,203
S3 180 176 802 3,621
C1 100 139 187 619
S4 197 151 2,091 6,610
Ss 188 243 3,047 6,496
C2 112 - 3,804 -
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(a) Crack pattern and failure mode of specimen S4(hybrid failure)

(c) Crack pattern and failure mode of specimen C2(flexural failure)

Fig. 11 Specimens S4, S5 and C2 after test
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Fig. 12 Load-displacement curves for specimens S4, S5 and C2
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Table 6 Comparison of test results to code prediction

Initial cracking load (kN) Failure load (kN)
Specimen ID . ACI 318 ACI 440 ACI 440
Test ACT 318 Test Failure mode (shear failure) | (shear failure) |(flexural failure*)

S1 15.6 12.5 63.2 Shear 56.5 36.5 109.4
S2 20.9 12.5 66.7 Shear 56.5 36.5 109.4
S3 222 12.0 57.4 Shear 55.2 36.0 105.4
Cl1 15.1 12.5 16.9 Flexure - - -

S4 12.5 8.5 59.6 Hybrid 63.2 38.7 75.6
S5 12.0 8.5 65.8 Hybrid 64.5 39.1 77.8
C2 8.0 8.5 383 Flexure 52.0 - 24.5

*Calculated with an assumption of full composite action between FRP plank and concrete. For C2 the flexural capacity was calculated

using ACI 318
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