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Experimental Study of Flexural Behavior of Steel Beam Strengthened
with the Fiber Reinforced Polymer Plastic(FRP) Strips
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Abstract - This paper presents the experimental results of flexural behavior of steel beam strengthened with fiber reinforced
polymer plastic (FRP) strips subjected to static bending loading. Four H beams were fabricated strengthened with aramid strips
and carbon strips and one control specimen were also fabricated. Among them two specimens were strengthened with partial
length. The H-beams had two types of failure mode, depending on the length of the FRP strips:(1) strip debonding in beams with
partial length reinforcement and (2) strip rupture in beams with full length reinforcement. From the test, it was observed that
maximum increase of 16% was also achieved in bending-load capacity.
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Fig. 1. Stress- strain curve of each retrofitting material
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Fig. 2. A change of seismic design load

Fig. 3. Modeling of thermoelectric power plant

B A268 A2E(EY A1295) 20149 49 71



H 38 AdE g 2ot An, 53] 25k52 GLS oA
6 Aoke gho] A Zake AR R sk vt
Fog Hiargrol aths & 4 Qlrh Fig, 5= 7 AA
olzol TE Fig. 49 ZAHA 7|5, B, $B7H,
7ol $8 42 dEbd A, 71s, 2ol A 2
of thet e a7t SV A= Yeyton, SH7HY,
A7 3 FEE o] F7F sto] AREH o2 ZkohE HA
A Xsls st A 7 A = HAdo] Badhks o 4= qlrt,
w2bA KBC 20097} A A= 2009W % o] Aol =25 3}
Ao A= Aol tie WAEA AR Al WAEZ
ol Aaghks & & k. 53] & AolA 2e o

= HEA o] ths] 2009d o]Hol| FEE WA AELS
@A KBC 20099] A|Rsl5of 2-8A] €4d50] A3 F

Story

N—
| I ———
.

(o] 2000 4000 8000 8000 10000 12000
Seismic Shear

Fig. 4. Comparison of seismic analysis results for thermoelectric

power plant
as
50 a 50 10
s0 £
40 -
40 3
2s - ak2000| | 30 . = k000
sa z W KBC2009 = KBC2009
. " 20 A
10 1 10 2
os
Axial Force Mx My V Bending Shear
Column Beam
(H-840x292%15x%22) (H-588%300x12x20)
120 T— 2=
100 - i I —
s0 25 -
20
co | = Alkzooo - Alkzooo
- KB C2009 1s o - KB C2009
a0
10 4
20 -
o | o 4
Aoxial Force Axial Force

Horizontal Brace
(C-300x300x14%23)

Vertical brace
(L-300%15)

Fig. 5. Seismic analysis results of each members between AIK
2000 and KBC 2009

stz @ Hixd*éﬁl ol A7 A= FEAol

% =&Y, ool & Aol A

FaIE HEs] Y5 WK} o)A

HA HEsfoF 2 HAslE AefollAlo dzrof thet FRP
BaIE A5t B AHEE AR 22804 <

we HReh do] WA dI3mel 7 Aget WA

OJ AFRP 2B ERIE AREsto] 845 A

Edn'% T OPI AR
onf, Aro| w2 HWE $J8 CFRP AEHS A5}
= skgltk oF B3l #uAE, A, WY 55 BART

w
[l
o

AY 2 Azt
3.1 A8A=

B Aol A *}Xdlﬂﬁ%ﬂ Zatol| oJa) 73t AAA]
Assol disl Feke A = 3%
AFRP 2E9-& 01%’6}‘311 E"*UP S 7= fz,k
ZEIE AEech Aol AHgH Wbk
Z(CFRP, AFRP), ®.7}7l0] o

st HEZZ SH loﬂ =-300X90X9 7+ 245}
o] Agtgitt, ofuf AFA|Y] Zdoj= 4.0mo|H, F 575
7.

AZstct, o] HEZ sk S A 31t 7 1.2mm
300
I L8 60 : % &>
(-300x90 s S
[ N
B 204 J
H-200x204

(a) Specimen section details

(b) Specimen fabrication procedure (CFRP/ AFRP)

Fig. 6. Specimen section details and FRP retrofitting
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Table 1. Specimen details and parameters

. FRP FRP.
. Srction FRP | . retrofitting
Specimen thickness
(mm) Type (mm) length
(mm)
_BINO 14y 500x204x 12512} - -
B4A2.4H 1,880
o E300090X9 | ApRp | 24 b
B4A2.4F 3,760
B4C1.4H|  Length = crre| 14 1,880
B4C1.4F 4000 ' 3,760

B : Bending, 4 : 4,000mm, H: Half, 1,880mm
A2.4 : Aramid 2.4mm, C1.4 : Carbon 1.4mm, F: Full 3,760mm
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Table 2. Material test result of steel plate

Elastic
Thick F F, El i
(‘;mn)ess v | e | BB 01(151)““ Modulus
12 418 543 1.30 27.5 210
Table 3. Material test result of FRP strips
FRP | Thickness Tensile Elongation Elastic
. (mm) Strength at rupture | Modulus
typ (MPa) (%) (GPa)
AFRP 2.4 1570 1.82 86.3
CFRP 1.4 2696 1.50 179.7
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Table 4. Summary of results for initial stiffness and load at yield point, FRP debonding point and maximum load

Initial ) Load Load at FRP Maximum load
. stiffness Predicted load at yield point (Py) debonding (Pinax)
Specimen - (Py) ) . .
Value Gain or (kN) Value Gain or Value Gain or Value Gain or
(kN/mm) | loss (%) (kN) loss (%) (kN) loss (%) (kN) loss (%)
B4NO 9.82 - 316 244 - - - 350 -
B4A2.4H 9.98 1.7 460 282 15.6 347 - 347 -1.0
B4A2.4F 9.94 1.7 282 15.6 371 6.9 371 6.0
B4C1.4H 10.24 43 474 282 15.6 343 - 343 -2.0
B4C1.4F 10.44 6.3 293 20.1 364 6.1 364 4.0
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