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An Experimental Study for Flexural Failure Behavior of Composite
Beam with Cast-in-place High Strength Concrete and GFRP Plank
Using As a Permanent Formwork and Tensile Reinforcement

ABSTRACT

An experiment of composite beam was performed which utilized glass fiber reinforced polymer (GFRP) plank as the permanent
formwork with cast-in-place high strength concrete. This research analyzed the flexural failure behavior of composite beam 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
43% higher ultimate load value was obtained when the sand was coated than not coated case. For effectiveness of perforation and
interval of gap, approximately 23% higher maximum load value was seen when interval of the perforation gap was 3 times and the fine
aggregate was not coated, and approximately 11% higher value was observed when the perforation gap was 5 times on the coated
specimen. For effectiveness of top flange breadth, the ultimate load value was approximately 12% higher in case of 20mm than 40mm
width.
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Table 1. List of Experiments

. S . Perf i [ | Topfl idth
Name of experiment No. Tensile reinforcement Perforation of the web ¢ ora?ed nterva op flange widt
(times) (mm)
STOONo 1 Steel bar No perfobond - -
FN40No 1 No coated FRP No perfobond - 40
FN43No 2 No coated FRP Perfobond 3 40
FN45No 2 No coated FRP Perfobond 5 40
FC40No 2 Sand coated FRP No perfobond - 40
FC43No 2 Sand coated FRP Perfobond 3 40
FC45No 2 Sand coated FRP Perfobond 5 40
FC20No 2 Sand coated FRP No perfobond - 20
Table 2. Material Properties of FRP
. . Tensile strength Compressive strength Elastic modulus
Type Production method Thickness (mm) (MPa) (MPa) (GPa)
Glass Pultrusion process 4.5 386 328 253
Table 3. Mechanical Properties of Epoxy
Tensile strength (MPa) Elongation at break (%) Compressive yield strength (MPa) Gel time (min) Shear strength (MPa)
77.9 4.8 84.0 65.0 183
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3:3804, 5:5ul4), Now A 4(1:19, 2:229)E Jepdch

A3 ARAe] AR w14 FRP & % 180mm, o] 2000mm=
ek & FRP & 3R SR FE N SAF | FAIE AREs)o]
FEAE FASIGITk FRP el EA) 52 A] o ZA7F SA1E
3] = A9t =S B8l T e dkeo] S
paksledeh AMEsE Aol F7)E 4~Tmmel FEA|o]H, Fig.
38 ZEAP) B2 FRP ko] 9w mgsolch A Azl
AR Zages Huy 24 X5 19mm, 28Y G
4327MPao|t}. Table 2, 30= FRP 93} ofZA)2] B4 LieR)
Ak

B A3} vl 245 98] ST001= H ¥ 2 180mm,
o] 200mme] v A7 AlHE 271 AlRFsteich ST001 H]a

A7 AT Qe BRe BAR A9, Av 2 FRP #
=
=

(

M

B 3 elglek o] ulaL A% ARhE FHYE 400MPag]

D10 82 3742 el olal, T 40mmE A5k

ok

[¢}

o

Fig. 3. Aggregate Coated FRP Planks

Load

Strain gauges

\\;\ 1+‘ LVDT
}» /\/,/;,FRPpla"k A\ | 100 [ 100
LT = NI =

“Te0 " // 7

Gl
<]
&

Fig. 4. Dimension and Typical Instrumentation of Specimens(mm)

1800

Fig. 5. Photo of Experiment Setup

Vol.35 No.5 October 2015 1017



feldggerEely

2.2 Aldi

217 Alo] 4= 7HAS 1800mmo]aL, R|7F Fol] 1912 9=
25 ol a2 7RI, AREIE WeR|Alo)al 224
(load cell)? A3 A|H FYell A LVDTE o]&3te] BI9lE
stk 7] A& WP EAo|AE o]83te] FRP 3 4
SAE Felie] MFES S Aol g AP EA
oJAEL 35 AltE T3 FYeIA 100mm Holzl 2344
AAAIBIAAL, B A3 M EA0IR] = Fdoll AXs1.0m
2PAg e Fig. 49} 2t

358 100mm =2 Zhg A5k Fig. 4] el Az}
2ol HeAloPA 02 35 Ao, Fig 5= A7 Fdoltk

2~
e

3. 22T R ILI0EE
3.1 ZEM 22 FE

FRP o] 214) 32 ool vlet o #43817] st
FRP 5}70] 218 $24 34, vl 43 AF) DI0 22
37 Wk A, FRP shio] 2EAkE e e B8

HR sto] skl

Table 4 % Fig. 6& FRP o]l F2Ale Faket 433
A% 2ohs R FRP 9ol s g
71 7 LETE FRP ol e gt
25-27709] it Fo] 22 3 o] A=A
ol A

%
4% Ae]
Py

Rl ope A% Ale] S 157

Table 4. Results for Attachment of Fine Aggregate or Not
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A
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Name of experiment| Load (kN) | Load average (kN) | Displacement (mm) | Displacement average (mm) | No. of flexural cracks | Failure mode
ST001 56.84 56.84 10.41 10.41 22 Flexure
FN401 58.01 58.01 13.01 13.01 15 Hybrid
FC401 84.83 14.41 27 Hybrid

83.10 16.14 -
FC402 81.37 17.87 25 Hybrid
100 100
Compression | stoot Tension
20 .r‘.‘,'.i-_n‘: 20 ] EN4O1 y
e " X FC401 .
= &0 ). L = &0 R - - —FCa02 [ s
Z - T Z 4«
3 R 3 A _,,sf’ﬁ'
S a0 i — ST001 S a0 i : L e
/i 7 S
I FN401 A/ I
20 - 20 54
=== FC401 oy
— . -FC402
o 0 ¥
0 5 10 15 20 25 30 35 40 -3000 -2000 -1000 O 1000 2000 3000 4000 5000 6000 7000

Displacement(mm)

Fig. 6. Load-displacement Curve of STO01, FN401, FC401 and FC402
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Fig. 7. Load-strain Curve of STO01, FN401, FC401 and FC402
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Fig. 8. Photo of Failure Mode of FN401, FC401 and FC402

P

e W =< N £ §
e Pes®l e 138 ot
L | ¢ Lo v 3

(a) Front Face of FN401

n

P T,f

(b) Back Face of FN401

1%

L Py vl P MR
(c) Front Face of FC401
s ‘[ﬁ;ﬁ»; & K ‘TL 2 ﬂ ¥ ‘Y
(d) Back Face of FC401
ot 7 & e

(e) Front Face of FC402

(f) Back Face of FC402

Fig.9.Crack Pattern and Failure Mode of FN401, FC401 and FC402

Table 5. Result for Influence of Perforation-No Aggregate
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sl WAlex] & go] aEA] PN o] ¢ Ak HE=
Y=L, F/Ae 4 3] FeR 2 w7t EAEoh
3.2 THEXHE D|RES FRP T YE MF Ft

ZhzA) w1 Rzt FRP 9He] 23 ool vigh oJaks B3]
SIte] gl TS A 2 A9, A4 35mm= 7] 3ul,
Suf FAo 2 HES A5 WATRE she] Ak

Table 5 2 Fig. 10 29R H3E 344 2 23 AJHe]
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Fig. 102 2HEH FN401, FN452Xe] Hd &5 2 w97}
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. Load Load average Displacement Displacement average .
Name of experiment No. of flexural cracks | Failure mode

P (KN) (KN) (mm) (mm)

FN401 58.01 58.01 13.01 58.01 15 Hybrid

FN431 69.66 14.87 17 Hybrid
71.61 14.89

FN432 73.55 14.91 14 Hybrid

FN451 53.32 10.99 14 Hybrid
60.89 12.15

FN452 68.45 13.31 17 Hybrid
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. Load Load average Displacement Displacement average .
Name of experiment No. of flexural cracks | Failure mode
P (kN) (N) (mm) (mm)
FC401 84.83 14.41 27 Hybrid
83.10 ] 16.14
FC402 81.37 17.87 25 Hybrid
FC431 79.68 15.11 30 Hybrid
81.91 15.68 -
FC432 84.13 16.25 32 Hybrid
FC451 93.07 16.06 33 Hybrid
92.25 15.71
FC452 91.43 15.35 32 Hybrid
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Fig. 13. Load-displacement Curve of FC401, FC402, FC431, FC432,
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(k) Front Face of FC452 (1) Back Face of FC452

Fig. 15. Crack Pattern and Failure Mode of FC401, FC402, FC431, FC432, FC451 and FC452

Table 7. Results for Top Flange Variable

. Load Load average Displacement Displacement average .
Name of experiment No. of flexural cracks | Failure mode

P (N) (N) (mm) (mm)

FC401 84.83 14.41 27 Hybrid
83.10 16.14

FC402 81.37 17.87 25 Hybrid

FC201 91.15 16.75 27 Hybrid
92.78 17.74

FC202 94 .41 18.73 28 Hybrid
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