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An Experimental Study for Flexure/Shear Failure Behavior of
Composite Beam with GFRP Plank Used As a Permanent Formwork
and Cast-in-place High Strength Concrete
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'Department of Civil Engineering, Catholic Kwandong University
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Abstract In this study, an experiment which utilized glass fiber reinforced polymer(GFRP) plank as the permanent
formwork of cast-in-place high strength concrete structures was performed. The GFRP plank currently being produced
has smooth surface so that it causes problems in behavior with concrete. Therefore, this research analyzed the
flexure/shear failure behavior of composite beams, which used GFRP plank as its permanent formwork and has short
shear span ratio, by setting the sand coated at GFRP bottom surface, the perforation and interval of the GFRP plank
web, and the width of the top flange as the experimental variables.

As a result of the experiments for effectiveness of sand attachment in case of not perforated web, approximately 47%
higher ultimate load value was obtained when the sand was coated than not coated case and bending/shear failure
mode was observed. For effectiveness of perforation and interval of gap, approximately 24% higher maximum load
value was seen when interval of the perforation gap was short and the fine aggregate was not coated, and
approximately 25% lower value was observed when the perforation gap was not dense on the coated specimen. For
effectiveness of top flange breadth, the ultimate load value was approximately 17% higher in case of 40mm than
20mm width.
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Table 1.

List of experiments

j=d)

E=)

Name of
experiment

Tensile
reinforcement

Perforation
of the web

Perforated
interval
(times)

Top
flange
width
(mm)

NOST001No

Steel bar(3D10)

No perfobond

NOFN401No|

No coated GFRP

No perfobond

40

NOFN431No|

No coated GFRP

perfobond

40

NOFN451No|

No coated GFRP

perfobond

ww|

40

NOFC401No|

Sand coated GFRP

No perfobond

40

NOFC431No|

Sand coated GFRP

perfobond

40

NOFC451No|

Sand coated GFRP

perfobond

ww|

40

NOFC201No|

1
1
2
2
2
2
2
2

Sand coated GFRP

No perfobond

20
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NO-a-b-c-d-e-No:

a(S:steel, F;FRP), b(N:no coated, C:coated), c(2:20mm, 4:40mm),
d(3:3 times interval, 5:5 times interval), e(1200mm), No(Number of

specimen)

Fig. 1<
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(a) Top flange width 40mm
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40, 20 GEA A o)A ZEA(load cell) 7 AP AlA FYol A
A5 2719 LVDTZ ol-gale] W9lE S48}, 17)
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s 80 JAEE 8% AL 8l FLoIA 100mm Hol
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AN G WAL Fig 39 2

e | |
[
600 600
(c) Non-perforated
n 105
g?
ﬁ: CoO O O O O C 0 L\//[Z]/‘
600 600
(d) Perforated of 3 times
75 175
o
&,
9 : O O ) O O O ; ;\,
600 600

(e) Perforated of 5 times
Fig. 1. Dimensions of GFRP plank

Fig. 2. Aggregate coated GFRP planks(1200mm)

Table 2. Material properties of GFRP

Production | Thickness Tensile | Compressive | Elastic
Type method (mm) strength strength modulus
(MPa) (MPa) (GPa)
Glass | Toltrusion | 5 386 328 253
process
Table 3. Mechanical properties of epoxy
Tensile . Compressive Gel Shear
Elogation at | . .
strength break (%) yield strength | time strength
(MPa) ° (MPa) (min) (MPa)
77.9 4.8 84.0 65.0 18.3
2.2 MElury
A3 Abe] &= ZHAL 1000mmeo] 1, |7 Tl 4t
4 QEAAE olgdle] BEe sor], AHxaL

Strain gauges

FRP plank

1000
Fig. 3. Dimension and typical instrumentation of specimens
(mm)
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Table 4. Results of aggregate attachment

Name of | Loa Load | Displace- |Displacement|No. of Failure
experiment] (kN) average ment average |flexural mode
(kN) (mm) (mm) cracks
NOST0011{104.68 104.68 7.36 7.36 12 | shear
NOFN4011/93.54| 93.54 4.63 4.63 6 |flexure
NOFC4011[128.63 8.92 11 | shear
NOFC4012]145.51 137.08 7.23 8.08 15 | shear

Table 4 2 Fig. 4= GFRP %ol Z2A4S 1
3 A v A AlEE] Arjelt). Y AdE
BB GFRP ol AZAS ¢
7P =A vehgen FEAlE AR e A

Aol Ao skgo] 7HE SHA LEbsith GFRP dtel] 2

> 0w o

i

AE FHHA g2 AP Al A 6719 E Fol
2 8 o] WA vk GFRP o] =z AlE At
A9 A A 11~15719] #F Fo] oA o

= 1
27 Y43 ksl S7Fel whet GFRP #3 &
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Fig. 4. Load-displacement curve of NOSTO0011,

NOFN4011, NOFC4011 and NOFC4012
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Fig. 42 A9 1® ™ NOST0011, NOFN4011 23 A]
H, & vl A AlEe] S GFRP 3 Q1% ®AA)
2 AR A3 A A gkeo] WA Yt

NOST0011 AL 3% 43.31kN, 99 1.93mm¥
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Hon 3k 87.08kN, M9 3.41mm¥ W FY gt
oA Ak wdo] HASFon Hof st5S 104.68kN,
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160
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NOSTOO11
NOFN4011
NOFC4011
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Strain(107-6)

Fig. 5. Load-strain curve of NOST0011,
NOFN4011, NOFC4011 and NOFC4012
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Table 5. Result of perforation influence-no coated

Load
average
(kN)

No. of
flexural
cracks

Displace-
ment
(mm)

Load Displacement

(kN)

Name of Failure

average
s mode

experiment]
(mm)

NOFN4011) 93.54 | 93.54 4.63 4.63 flexure

NOFN4311|111.19 6.78 flexure

115.69

6.52

NOFN4312/120.18 6.25 flexure

NOFN4511]{105.34 5.43 flexure

105.18 5.63

NOFN4512/105.01 5.82 flexure
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Fig. 7. Load-strain curve of NOFN4011, NOFN4311,
NOFN4312, NOFN4511 and NOFN4512
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Table 6. Result of perforation influence-coated

Name of | Load Load | Displace- [Displacement| No. of Failure
experiment| (kN) average ment average |flexural mode

P (kN) (mm) (mm) cracks
NOFC4011|128.65 137.08 8.92 8,08 11 | shear
NOFC4012/145.51 7.23 15 | shear
NOFC4311|132.16 137.57 7.54 799 17 | shear
NOFC4312/142.98 ) 8.44 ) 15 shear
NOFC4511(103. § 1 h

OFC4511{103.00 10227 6.30 6.0 3 | shear
NOFC4512/101.55 5.87 11 | shear

160

NOFC4011

=== NOFC4311
= - =NOFC4312
= =NOFC4511
—— - NOFC4512

120

80

Load{kN)

a0

1is 20

=]
w
=
o

Displacement(mm)

Fig. 8. Load-displacement curve of NOFC4011, NOFC4012,
NOFC4311, NOFC4312, NOFC4511 and NOFC4512
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Table 6 ¥ Fig. 8% GFRP ol Z2AE Fasta  FFste] gHanol vigh dafo] AXHUA o) a15]
GFRP ¢Hol| HFS a44 92 28 AHz 2749 3 Hl*o}ﬂl L}E}% 1o dure) dFgtEo) sujel 73
ul, sull HA o2 HFe Ay Al AF Aot 4 ARyl gigh ko] wnlsta gl ofsl 74
3 A%E AYRE A 5 ok g Al Hu) Ol AstE] o] ) stzo] v el o= ghaEch
stE¥) AFztAe] 3ull AF Ay Ho) sho] vss) THEILE Avnd AFE a1 & 29 A3
A vebsten, AF7r4oe] 249 sujel A4 Al 3 79~ GFRP - ZUAE wel #do] s v
Fol 7bd GHAl YRt Fig 92 sksol S7kgel wh HFS @ A% A A GFRP 5714 #de] 7
2} GFRP 7} ZAEdl| HAEE WPES el dF o] o o]2Fth o] @4 AT o s 24
otk 1glellA] Kz npeh o] Q1HE W= AP Al o] AslEe] wdoe] s HaE o )
A el GFRP HEEL 0.00455 HojH 1 Qieh
NOFC4011 2 NOFC4012, NOFC4311 2 NOFC4312 3.4 GFRP AR Z2HX| H&t
= Hd aks = A9I7E HISEhAl HERth NOFC4311 GFRP A NA) Eo| ek QS BAE ] 93

(o)
9 NOFC4312%= 315 43.07~49.06kNY W] 27|78 o GFRP 4
o] #ZEUL, 91.01~98.08kNolA Ak FdHo] T = o)gsle] AHsqr}).
sgom, A 85-& 132.16~142.98kNo] 1 A thy}y]
7F dojyton, & 15~1770°] ¥ o] 46~133mm  Taple 7. Results of top flange variable

HAo R WA Name of | Load Load | Displace- [Displacement| No. of Failure
UJ o] %7 ‘E’ &5 % . average ment average |flexural
NOFC4511 NOFC45129] %7] o 43.49 experiment| (kN) (kN) (mm) (mm) cracks mode
~47.24kN°] 1L, 67.09~78.04kNoA] Ak o] WA NOFC4011]128.65 37,08 822 008 11 | shear
o]—M___II] Z]]:H 3]"6“8— ]01,55’\'103.001(N°]E]'. )\E]ﬁuq% NOFC4012(145.51 7.23 15 shear
B NOFC2011{117.13 11728 6.32 6.48 12 shear
Aetula) 7} skl oo NOFC4311 2 NOFC43129F  Norcaoizniz4z] 6.64 ' 12| shear
shlwEo} vl 2shl el 5 11~1370e] | 7
o] 30~196mm +Ho = wga}g; 1o
A NOFC4012
120

160

] === NOFC2011
Ay e 8

‘a"{. — - -NOFC2012
i,

Compressmn-l _I Tension g 0
120 (':"; V f' g J"' ‘\\ ‘-." \\
E AN NOFC4011 o
“ L2 e B i T i o
’ NOFC4511
G—ED[XJ -2000 -1000 [) 1000 2000 3000 4000 SDUJN[:EF):Slij Flg' 10' Load_displacement curve Of NOFC4011’
Strain{10%-6) NOFC4012, NOFC2011 and NOFC2012
Fig. 9. Load-strain curve of NOFC4011, NOFC4012,
NOFC4311, NOFC4312, NOFC4511 and NOFC4512 Table 7 ol Flg 10.__ GFRP o}__'__oﬂ ﬁ_:nalxﬂ_% l-l%;‘_(}-
S}l GFRP 7345 WA 0] 40, 20mme] 23 do]
AEAE AR A AR A% TS &S . A9 A9E ARE GERP A ZdA Zo| Yo
Ad A Al skeat AetAe] 3uil A A3 go Ay alo] =4 et} o] 273t wlat
Ao stgo] wsehA vehon, AetAo] 47495 Gprp w3} ZawEe] wyEE WSS Fig 119 U
iRl 75 A shgol 7P Ul ERTE e S ehyi9lon) adel B ulel o] QAE S w4
2 B Al U e s WEE A g Am shele] GFRP WSS 0.00452 oAl
2ol GFRP #¢] 7 b7t gla, Hgxtdoe] 3uidl o}
749 GERP 2] 240l Bol A3ksI A1 1317e]
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