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An Experimental Study for Failure Behavior of Composite Beams with
DFRCC and FRP Plank with Rib

Ga-Ram Kang', Seung-Woon Yoo"
'Department of Civil Engineering, Catholic Kwandong University
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Abstract DFRCC (ductile fiber reinforced cementitious composites), which are a significantly improved ductile material
compared to conventional concrete, were evaluated as a new construction material with a high potential applications to concrete
structures for a range of purposes. In this study, experiments on the failure behavior of composite beams with a DFRCC and
FRP (fiber reinforced polymer) plank with a rib used as permanent formwork and tensile reinforcement were carried out. A
normal concrete and a fiber reinforced concrete with PVA series of RF4000 and the PP series of PP-macro were used for
comparison, and each RF4000+RSC15 and PP-macro+RSC15 was tested by producing composite beams. The experimental results
of the FRP plank without a sand coating showed that sliding failure mode between the FRP plank and concrete started from
a flexural crack at the beam center; therefore it is necessary for the FRP plank to be coated with sand and the effect of the
fiber to failure mode did not appear to be huge. The experiment of the FRP plank with a sand coating showed that both 1200mm
and 2000mm allowed sufficient bonding between the concrete and FRP plank. The maximum load of the fiber reinforced concrete
was higher than that of normal concrete and the case which a series of PP fiber was mixed showed the highest value. The crack
latency caused by the fibers led to composite action with a FRP rib.
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1. Shape of PVA and PP-macro
(a) RF4000 (b) RSC15 (c) PP-macro

Fig.

Table 1. Mechanical properties of fiber

. Tensile
i D t
Fiber Type S ::/liflc L(:lf:)h nameter strength
gravity (pm) (MPa)
RF4000 PVA 1.3 30 600 900
RSC15 PVA 1.3 8 40 1300
PP-macro PP 0.91 48 0.5~1.0 450
Table 2. Concrete mix design(kg/m’)
Mix design
Concrete]  Fiber type
w | C S G | Sp Fiber
NOCON| 179 | 478 | 695 | 960 | 3.4
RFCON| RF4000+RSC15 | 179 | 478 | 695 | 960 | 11.9 | 18.2+7.8
PPCON | PP-macrotRSC15| 179 | 478 | 695 | 960 | 9.6 | 12.7+7.8

TR E] 289 5% 3 H 9%
=

|8 A= Table 39 #HA|3] VERAQL.

%

>

Table 3. Compressive and tensile strength of DFRCC

Concrete Compressive Tensile
strength(MPa) strength(MPa)
NOCON 5327 290
RFCON 29.65 538
PPCON 30.19 e
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Table 4. List of experiments

Name of Tensile Top flange | Length
experiment No. reinforcement width(mm) | (mm)
NOST002No | 1 Steel bar - 2000
RFST002No 1 Steel bar - 2000
PPST002No 1 Steel bar - 2000
NOFC402No | 2 Sand coated FRP 40 2000
RFFC402No | 2 Sand coated FRP 40 2000
PPFC402No 2 Sand coated FRP 40 2000
NOFN401No | 1 No coated FRP 40 1200
RFFN401No | 1 No coated FRP 40 1200
PPFN401No 1 No coated FRP 40 1200
NOFC40INo | 2 Sand coated FRP 40 1200
RFFC40INo | 2 Sand coated FRP 40 1200
PPFC401No 2 Sand coated FRP 40 1200
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Fig. 2. Section of composite beam
(Length of 1200 and 2000mm)
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Table 5. Material properties of FRP

Production | Thickness Elastic | Tensile | Compressive
Type method (mm) modulus | strength strength
(GPa) (MPa) (MPa)
Glass | Pultrusion |y 53 | 386 328
process

Table 6. Mechanical properties of epoxy

Tensile Elogation at ('Jompresswe Gel time [Shear strength
strength break yield strength (min) (MPa)
(MPa) (%) (MPa)

77.9 4.8 84.0 65.0 183
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Fig. 4. Experiment setup
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Fig. 5. Load-displacement curve of NOFN4011, RFFN4011
and PPFN4011
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Fig. 6. Load-strain curve of NOFN4011, RFFN4011
and PPFN4011
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Table 8. Results for sand coated(1200mm)

Name of | Load Load DisplacememD]Splacement No. of [Failure
experiment| (kKN) average (mm) average |flexural mode
P (kN) (mm) cracks

NOFC4011(128.65 8.92 11 | Shear
137.08 8.08

NOFC4012|145.51 7.23 15 |Shear

RFFC4011182.84 10.04 22 | Shear
189.28 9.53

RFFC4012(195.75 9.01 23 | Shear

PPFC4011 (190.96 10.06 20 | Shear
203.00 10.65

PPFC4012 [215.04 11.23 22 |Shear
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Table 9. Results of reinforced concrete beams

L Displ No. of| . .
Name of | Loa oad Displacement isplacement No. o Failure
experiment| (KN) average (mm) average [flexural mode
I (kN) (mm) cracks
NOST0021|56.84| 56.84 10.41 10.41 22 |Flexure
RFST0021/52.81| 52.81 10.17 10.17 26 |Flexure
PPST0021|52.01| 52.01 9.82 9.82 26 |Flexure
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Fig. 9. Load-displacement curve of NOST0021, RFST0021
and PPST0021
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Table 10. Results for attachment of fine aggregate

(2000mm)

L IDispl . of| .
Name of | Load oad Displacement isplacement No. o Failure
experiment| (kN) average (mm) average |flexural mode
e (kN) (mm) |cracks
NOFC4021| 84.83 14.41 27 |Hybrid

83.10 14.64
NOFC4022| 81.37 14.87 25 |Hybrid
RFFC4021 (138.34 32.89 46 |Hybrid

134.36 31.90
RFFC4022(130.38 30.91 52 | Hybrid
PPFC4021|144.76 28.34 52 |Hybrid

143.26 27.79
PPFC4022(141.76 27.23 54 |Hybrid
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Fig. 11. Load-displacement curve of NOFC4021,
NOFC4022, RFFCA4021, RFFC4022, PPFCA4021
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