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Abstract In highly elevated piers and long span beams, a hollow section is often used to reduce the self-weight
and increase the flexural rigidity of members. Numerical analysis was conducted to obtain the moment-curvature
curves and curvature ductility factor for the RC hollow section beams under a range of hollow portion sizes and
reinforcement conditions in the upper flange and web. The curvature ductility factor was constantly maintained until
the hollow portion size(bi/bs/ hi/h,) was less than or equal to 0.5. The curvature ductility factor decreased sharply
if (bi/bo/ hilho) was 0.7 or more. The curvature ductility factor of the beam decreased if reinforcement was provided
in the web of the RC hollow section beam. To obtain the same level of the ductility factor as the singly reinforced
section, the reinforcement should be provided in the upper flange as much as the web reinforcement.

Key Words : Ductility factor, Numerical analysis, RC hollow section beam, Reinforcement condition

1. M2 (energy dissipation)& ZtA] 23 7HeA)S Zka QI

FEEAE F2EY A= A=wet o Adst

HAIEAeE 8] gigshgel wet pxES g e AES AASoR s, 53] WRAACNAME o=
Ash= Zhzke] Baje] A7k w3k Aoist Ha ok 7 3 A4S ZA=E AASor & Fasdo] ok

o] o7k 71 Aol BAY A5e Foln ¥ 724 TIYETRIE2]S MR A AATINe 2

AAE o FA7E A-EE AdE

al
(flexural rigidity)2 FAHAIZ]7] Q8 &4l ©hHe] = o=
(hollow section beam)7} ARMFE|7]%= 3Sic} &H] ThH2
Fae|Eo] Py 740 ojeler} gre HR Ny
of Zgte] ofat ¢4 59 ol 28] FHa 24
S5 H(plastic deformation capacity)¥}  ofJu] A &AL

o
|
e
I
2
o
mL

2 . paslsialgs

*Corresponding Author : Hyung-Joon Lee(Hanbat National Univ.)
Tel: +82-42-821-1112 email: leehj@hanbat.ac.kr
Received October 25, 2013 Revised November 20, 2013 Accepted December 5, 2013

6542



;jg:gaa]g =l %”4 HZHOﬂ EH A= F¥ A
£4 RHES Te stexdolAY s E4e it
7] et Aa7F F2 FE o m[4-5], HE Ue Shl
o HollA &Rl Fte] A7), Ao sl whE
A Bl At vlofet defolct. A2EARE B
AL AAY 5E2 AR A= P, 2o H)
< Aol 2| oEske Aer dEA glom, oo
e A= gol 3 ATH6-8]

2 oM e A2EARE S o 2o d454
of &Rl F2e] A7), Ao wi2AdEvt vl 9%
TrEs] Hls SRl o] A7), EF d ARaeiHe
IS MR sto] RHIE-% ‘:"174] A SEUY

N

]_/I:_. 5Hk];<4 Hl—lﬁ og 7_—"A]—o]_o:]

2.1 RHE-ZEZH A

AZEIUE B guo] RilE-NE WA= FUEE
AXFEE o 2§t 71E7HY, B2, d3zd 9 A
2o $Y-HYPE TAE olgsto] FHoz Aukg
4= QIoH9. Fig. 12 AZEFeE &1l thy Ho| Wy
€ 9 38 £xE Ueiia 9t} A2EFE B Ty
o] HHE-IFE PA 9 ALL -3 @% ol o3
o|FolZr}. UEATtA <dole] ZIATE %ffé% €am

o g3l TS A & 7St &
Ao RIFgE 2 Ao fA)elA Y ELELE'JE 3
AAiksto] HP-EC 3lgshe= 71—71—4 oge 7:1]‘_

rﬁ
=
o L2
o
o NN

mm

~

2ol
_o|£
fioo
)

fr o e

S=N4_f.
1 ; Slfsl (lb)
A7NA, = THSH 2 oA el 38
E S8(MPa), fi= iHAZ HLo| S8(MPa), 4= it
A& A1) HA(mm’), b= HHO Z(mm), c= Y
%2| zJo|(mm)o]c}.

PPz Edle) 9o] geo] ool

RRCER

2 m7kA] $9

(2) (b) (©)
[Fig. 1] RC hollow section beam

(a) Hollow section (b) Strain (c) Stress and

force

]V[—/fbmda:—i—ZA%fﬂ c—d) @
0 i=1
A71A, = FHEF Holmm), d= HAS ALY FE
Zlol(mm)o]ch.
AFHAE Mo of
Akght},

SHe FE o= A O Zol A

o= 3)
o714, en AFATA ] TP E WHE, & £
% zlo|(mm)e]ct.

B oAl gEdvto|Ae] Za2E HEE ¢,
S 058 0.017b4] 0.00014 7} A7|WA] ko] 242
g Aslste] ARFEIEE &) o Ro| muE.a
B A ZAS A9k

I

e

6543



garatelyeateli= R A 414 A123, 2013

. 6(5 6(,' 2
e =fa 25_ . @)

kel |
e

€= 411(f,)""/E,

E,=4,370(f )"
fd(ea*ew)2
€€ (f—Fa)

fo=Ffa{141-017In(f,)}
€ = €,{2:50—0.30In (e, )}

1714,

=0

= #aeE QEZE(MPa)oltt.

H70] SelMRE WAL 9 Bak

g 2(b)% *% 58-H3
200 GPa

A

=
=

o

i
o
F{F

=)
2
8 1k
S

o ogf OF

>~
o
_O|L

f. 4
£ Ascendin branch
L [SEEREEE

Descending branch

Slress

ECD EC\] au
Strain

()

f,= E:S'Es

Slress

.=200.000MPa

EI}' =S
Strain
(b)
[Fig. 2] Stress-strain curves for materials
(a) Concrete (b) Reinforcing steel

2.3 9MX|

HZEZIHE B B9 A4 (ductility)S 3550
S99 o|F SEATEAY FAI P4t glo] Mol
= ‘aﬂﬂé "}EHH% Ao ARYE AAL o
a1 Esfof = 29| sltoltt. ety oz
THe] A Xﬁl EE’C TES EE AEY, HY
<5 EYE AXEE B (member ductility)S T5
< E|2 A4t = g A (curvature ductility) 2ot 7
gt Alitshzs Aol ofF 9] & dAtellAe= A 7
<3t ol oa Ailgt £ O Ko RHlE-IE
AE olgsto] FEAR(EHAA) E4S nEstglon

TEA A4 (curvature ductility factor) p,= 4] (6)3} 2

| Ak

<]

oA71A, ¢ WFATe] FEI Yo] FEIFo|IL, ¢,
L Sekeela Y FeEelt
EELERS wzﬁsq FEAASE ARl B,

PHATL T v

S0l Sof e vo ER SRS o]
Holstorel] M E hE e 7H4A Hick. Pam 5
[11]3} Ho 5{12] =335 RHE-SEANA
e LEgh & RHlEZ} H R E ] 80%% E
o|R= HolA9 FEER, Bai®t Au[l3]= SIFES 2
WE-Z Rl Ho mrlse] wue F wulE)
A EEY] 85%z WolA|l HolAle] THE oI5}
1 9Jom, Arslany} Cihanli[14]= 2 ¢hde] S3t2&
¢ B ATl ZAE HIPE] AN
22 ol =23 fo] S8R AYste] AERs+E
ARl

w =0.003+ 144 — +000054(”7) )
dv

2
Mo

Xl
3o

lo
!‘é
1o
il

il
fru

6544



[Table 1] Comparisons between test results and numerical analysis results on the ductility factor for test beams

Experimental Results Numerical Results Exp. Result/Num. Result
f, P, X X
O p% ok (51:> W (E) I ZTT ZTT
mpa| M Eeu= Eeu= Ea= | €™ Eeu Eeu
Pa 0.003 | 0.003 | exp. | 0003 | =0.003 | =exp.
41.0 | 450 | 0.026 078 | O 137.3 241 0.0050 | 146.3 1.82 2.69 | 0.94 1.33 0.90
egjﬁgs] 410 | 450 0026 | 0.78 | 0.005 | 1409 | 322 | 0.0045 | 147.3 | 204 | 3.00 | 096 1.58 1.07
41.0 | 450 | 0.026 0.78 | 0.009 1439 | 3.83 0.0039 | 147.7 2.20 290 | 097 1.74 1.32
Rashid | 42.8 | 460 | 0022 | 0.66 | 0.003 | 461.3 | 239 | 0.0033 | 4439 | 269 | 3.00 | 1.04 | 089 | 0.80
etc[16] | 77.0 | 460| 0.047 | 0.90 | 0.003 | 807.8 | 1.97 | 0.0039 | 921.0 | 1.84 | 221 | 0.88 1.07 0.90
D Calculated based on deflection(=deflection at ultimate state/deflection at steel yielding)
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