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ABSTRACT @ This paper presents the experimental results of axially loaded stub columns of slender steel hollow square
section(SHS) strengthened with carbon fiber reinforced polymers(CFRP) sheets. 6 specimens were fabricated and the main
parameters were: width-thickness ratio(b/t) and CFRP retrofitting. From the tests, it was observed that two sides would
typically buckle outward and the other two sides would buckle inward. A maximum increase of 33% was achieved in
axial-load capacity. Also, stiffness and ductility index(DI) were compared between unretrofitted specimens and retrofitted
specimens. In the last section, a prediction formula of the ultimate strength developed using the experimental results is

presented.

KEYWORDS : carbon fiber sheet, CFRP, steel hollow section(SHS), slender section, retrofit, elastic buckling, effective width

.M E

1980 o] F= At 3001 d Bt AHEAF E(Fiber
reinforced polymer sheet, ©|3} FRP)& &I E +2&
of ByEZMAER de| 2o] a1 ofdf] #gF AF ek 4
T A=Y gt 2y HEFEEY FRPE K47}

Note.-Discussion open until June 30, 2013. This manuscript for this
paper was submitted for review and possible publication on October
22, 2012; revised November 28, 2012; approved on November 29, 2012.

© KSSC 2012

* .
Corresponding author

Tel. +82-2-970-9015: Fax. +82-2-974-1480
E-mail: happyjh@seoultech.ac.kr

ANz Ag3 A7 3 Alle =53] =20 =
TEEC] W o RE Rl A
daAlE Sl 2 Agelnz Aol "olAlw, 7IE
TEE MY A STRI7IH, T ksl et 7
WS A8 AT BEY 8RR mAs 92 @
of Hetl ole EAY wHEdold &4 d= QI Fe
Hog BArt Wyl Arle & B2 ©Hel ok A2 7
E9 ZAREAe] vk wgdhds 296l dds A
2 7220 FRPE 289 i digh A5} 118

Ha glor], AR AFdge A8 Akl Ed B

AA—

Zrxsts =28 HMud 635 1213) 20124 128 735



SRS - EMT - H NS

O

£9 - gEE

IE 7|0 4 9ok Miller 52 5] HIZ ZAA
sl FANRIE(Carbon Fiber reinforced polymer
sheet, ©]3t CFRP) F2id-H+E (Glass Fiber reinforced
polymer sheet, 3} GFRP)& Eﬂs}fﬂl 151"3‘5% 7]
71e 72 489tk Narmashir 7¢ HE7% 1o
U9 A7l CFRPAEHO R AWHFS o] 4
de st Eﬂ}b%* AFdtal e NS TPt
goh. Y BaeAER 238 49 CRTY)Se
TAUSHEE Bl AT ks Ilsisint. & o
TG W Lol Hl FEdwe] FRPEAEA ] digh
AT QP Teng™ e GFRPE E73H w543
Zyel] oigh 2”51‘5 A8E sttt AgA %Hc}
B Bl v 1isEE GFRPY 758s
19XA BE9E A5 4 IArh Shatt and Fam[
& HSS(Hollow Square Section)7d#e] @] theix e
ﬁoﬂohﬂc_j 7( oﬂ ;H?;H}\T— 710]1:11—&_3 7174— CFRPE
BFsle] SAUSHE S Fdsidon, ¢ 4% CFRP
o] FEo R Rl Az AINA WE S A2 F 3

::::OS‘L

>~l
o2

o} A9 4§ CFRPZ oloH FeRIATE STkt 2
de] F=slae] Skt en, ol dlaE o] AsHe
#AE F 9ln. a8y 71E AelM e el SEEF
A7 2 FHEDH AdA ] teiAwt 282 go]
Zleglo] gict.

2 Oﬂ?"ﬂ/ﬂL 7129] 288 A7(Teng™, Shatt and
Fam'®)9ke @] Aoz 249 2879759 CFRP
B3RS EOH A=A H S FIYdltt AEFZo|E (KBC
2009, n|= Z72AA7)17(AISC LRFD 2010)®lA

JH Z-FAMo| wiet FHETH vFHEDRH A

o2 FAsta it} o] AHETHE ez &
T?/ﬂﬂla 7R glo] AT &S] ofdd =%
Fhzo] A I, o] WAl sl AV
(KBC 2009, AISC 71% )P olxe 94 # olete] Z
AR E Xﬂ‘%ﬁ Ageta giek. 2 2 7‘5 ZSAe] T

_1‘44 d: rir

2 AL 7 uwirden 384 UES B9 5 gl A
0 A Age] 48 8 AR AlEd, et A%
AL AR AR 5 gl o] Yot AL
2 2 Z5E e JEAE oo Frakze] W)
A 9, AT oI Wl 2 A ) 3

f

Z-SAu7} & QA oz FAE
hEEs AdA7|

=) 06H ‘Q%HF—%%%— A7t FRPH
Ex Zwst 724 4%l ol ¢ CFRPE AE8i
ot AgAe AAPIEHKBC 2009, AISC7IE &)lA

oY .
[
N
ol
é
55|
%
4
{m
i HI rlr
o
o -
o ~l
:oé

T30 szz7xsts =28 Mud 63(EA 1213) 20124 129

Aue HIFHEGDH o FH(F AFME b/t=40°1d) F
3 AN g 7H HW"; f 73] CFRP—E—

—Ll

2.1 AHARE

KBC 2009715 "o} AISC71EYelN e sezas)
ol gitol| w} FHETHH niFHEThH  AAgithHo g
TEot 9lem, oldf 7lEe] He AFHIE SRS
Hlg} sp, 2 AoA =8 F 7487k 1011 et SEAN]
TAE 1Y 455 e 4373 vFHE '] v
Lol b/t = 1.40 EJF, ) o3l ¥ aEANE A
o = I%}Y&_‘r @S 7R ARSI tHKBC
2009712, AISC71Z®) . HEZSANIZ WAF]7] Y4l
A 2.3mme] Zwoz kel TS WA ifrﬂ
£ 60914 100714 208 S7AA7IH & 3579 =

7An] AEA 6/E Xﬂ&%}‘}ﬂﬂ} *‘?‘éiﬂﬂ Za_‘ &= *E‘féi
3002 3191, ko= 2y 3t
= dEZeolEE AHX|3]S ‘:]r *‘?ﬂxﬂ Az Al ke AT

axeol st2E Fig. 1(b)& Zo] 4oz ols] W]
AFoR AL ol2 £4E AT CFRPe Wi
HARNE Asry] 93] 7ISAEAE AYSt U]
CFRPHIE 38S guigko g Bl & 10¢7 A8t

il

mlomé_i

(d) 3ply Retrofitting

(a) 1ply Retrofitting

Fig. 1 Specimen Fabrication Procedure
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Table 1. Test Specimens

size(mm) b/t b/t CFRP
(BxBxt, mm) (plan) | (actual) | ply

Specimen

SH60-0T | [F-142.6x142.6x2.3 60 62.7 -

SHE0-3T | [F142.6x142.6x2.3 60 62.7 3

SH80-0T | [F188.6x188.6x2.3 80 83.6 -

SH80-3T | [-188.6x188.6x2.3 80 83.6 3

SH100-0T | [1-234.6x234.6x2.3 | 100 | 104.5 -

SH100-3T | [1-234.6x234.6x2.3 | 100 | 104.5 3

-
-

Fig. 2 Cross Section
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Fig. b Specimen Failure Shape

Lzo v Fsiechy

T HTl—Lw

i &
& (mm)

i ] ]
SEine

(a) SHB0-0T (c) SH80-0T
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Table 2. Test Analysis Result
Specimen Item Result (%)
Peak Load (kN) 227.0
displacement
SHE0-0T |at peak load(mm) 2.081 Conforol
Stiffness (kN/mm)| 328.7 | Specimen
DI 6.969
Peak Load (kN) 290.0 27.8
displacement B
SHE0-3T |at peak load(mm) 0.740
Stiffness (kN/mm)| 358.3 9.00
DI 3.072 -55.54
Peak Load (kN) 239.0
displacement
SH80-0T |at peak load(mm) 1.838 Conforol
Stiffness (kN/mm)| 224.1 | Specimen
DI 3.387
Peak Load (kN) 298.0 25.00
displacement _
SHR/0-3T |at peak load(mm) 2.807
Stiffness (kN/mm)| 200.5 -10.54
DI 3.559 5.07
Peak Load (kN) 280.0
displacement
SH100-0T |at peak load(mm) 1.273 Con.trol
Stiffness (kN/mm)| 229.7 specimen
DI 2.001
Peak Load (kN) 378.0 35.00
displacement _
SH100-3T |at peak load(mm) 1.372
Stiffness (kN/mm)| 261.1 13.67
DI 1.841 -8.00

Fig 7. Concept of Initial Stiffness and Ductility 1o

z H24H 65(EH 1213) 20124 122 739



T
\‘l

T2 MR HND 55 - Ry

_I
O

%7743 (Initial Stiffness)> Table 29 ZAd}e} o]
12 AgA ) 10% W8] 27 Ee gase o
B, OFRP E7bo] Z7)7Ade 9gke nx|x] 23
T Zo& Yehdth A4 (Ductility) < 54 (5,) 7 3
A(5,)9 HE=2 AostH o= 4 (3)d ur"‘)r om DI
(Ductility index) & #<a}1?,

N

Oy

DI= 5, (3)
4 (6,)e Hh WHA olF 85%°] WAL LA
& oz Aelam'? A DI 2k Table 2 H2a3
t}. DI+ CFRP B70A57) 71l uel ditdoz 7ha
s Zlo® yepdoy SHE0-3T AdAle 712434
(SH80-0T) tiH] & 5% Z7kehe Aoz Uepdtt. CFRP
FE] S B3 WES oA F AT dAEe
7HW171 A Z3E GRIsGiT. ole & AeA AEg A
Ae BEFANE 2 AR 24 FAE] 7] wEe
_I_XH;}uqo” H)3) Agdez ZJAge Aol CFRPHER H
7+ A 7 dASS e Eala, CFRP 9 #F42 AR

AR QMY deEo] 1At Z0F AlsEr:

oftl

KBC 200971204 AISC7]E0lA = dFe JJr o] &
el w2t FHETH, HFHEDH APdadro R ek
slom, old] 70| He AIHIE 9 BEFMIE g
olF AltResE FAE 27N KBC 2009 71
AISC7IEAM = ZAle] FHAA (A A FAAHQE A
&l PSAEE Ak, ]9 de Fig. 83 £tk

=

bes2 |

Fig. 8 Plate Stress Distribution
Under Uniform Lad
(Actual Stress Distribution and
Effective Stress Distribution)

T40 s=zz7=xsts =28 Mud 65(EA 12135) 20124 129

E 0.38
bH:1.92t\/; W \/7]<b 4)

VW, = 428 £ ot WAFQE gL
e U FaAS Qs BRakd U FaAF QO
FOR RS, AR 4 Q=1.001ns A
& QeQuelrl, FEEHAL) S A% Q ol§e] 2
AU 7, SEBRAW)d 0E FHRA)H
2oAE Q7 FH, HAFEHoR A7 e 4

(5)s 2ot

Pu = Asfy (5)
A7IA, 4, =Qx A, Q=b,/b

3.2 WiEHol=4] ot
T T3 7% KBC 2009712 AISC7|EellA

H]ééll = qJQ‘C’H /\]‘%—Ga]' T 3 —O-L]'

Z 7
CFRPHIER WAH 37439 25 /ied o] g7l W&

o CFRPZ B4 F37de] FaZS 1Hd 2o] Hg3)
o Al whHel A% A (4)011%194 o] §EE AFE 1.92
£ Akt w7k A ool

< EU2 7129 1.92u
-?LoHﬂ ASFEE EYE
2] < AARER FaekE
U= (P,) 2HEsiiem, o5 Table 3°ﬂ k=

Table 3. Coefficient Value and Result of Proposed Formula

Specimen | b/t(actual Q Value | Pu(kN) | Pexp(kN)
SH60-0T 62.7 0.69 1.92 | 243.58 | 227.00
SH80-0T 83.6 0.54 1.92 | 2564.34 | 239.00
SH100-0T | 104.5 0.44 1.92 | 260.75 | 280.00
SH60-3T 62.7 0.82 2.32 | 289.70 | 290.00
SH80-3T 83.6 0.63 2.28 | 298.46 | 298.00
SH100-3T | 104.5 0.64 2.81 | 378.00 | 378.00
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