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ABSTRACT

. Internally Confined Hollow RC(ICH RC) column consisted of concrete, transverse reinforcement, longitudinal

reinforcement, and inner tube. It had good strength and ductility by core concrete was become triaxial confining state with
transverse reinforcement and inner tube. There were two confining stress as external confining stress and internal confining

stress in an ICH RC column. While external confining stress was researched by former researchers, internal confining stress

has not researched. In this paper, confining stress of both Hollow RC column and ICH RC column was investigated using FEA

program. Relation between theoretical confining stress and internal confining stress was drawn by analysis results. Modified

failure condition equations of inner tube were suggested to base on failure condition equations of inner tube by former

researcher. When thickness of inner tube was calculated by modified equations, it could be economic because thickness of

inner tube was reduced 50% compared with former researcher equations in order to same confining stress.
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Table 1. Dimensions of H-RC column (unit : mm,N)

Di/D’ fl D fyh Asp s
0.1 10 400 350 507 89
0.2 10 400 350 507 89
0.3 10 400 350 507 89
0.4 10 400 350 507 89
0.5 10 400 350 507 89
0.6 10 400 350 507 89
0.7 10 400 350 507 89
0.8 10 400 350 507 89
0.9 10 400 350 507 89

Fig. 10 Deformed shape of confined concrete

%(f,,)E 350MPa, BA29 WA A, 507Tmm?, 12
1 PH u AL 89mm= stk 714 7159 o]
= Im E°’°}7ﬂ 39T}, ol2d g (f,)e 4

a5 3 737415: 4_&# —LﬂﬂE dl Esleg 28t
o & Local #3#AE o]83lo] Tangential'}
A= v

Local W32l #A#AE o832 Fig. 103} 2o] 474
P &o| HEHES O}ﬁif’— iﬂﬂ‘fﬂ 75882 ¥
o] &g uje] $HZ ERIFo =N s FAsIN

Fig. 11& H-RC 7159 75880 E el 2oz o]
B 758 o] 9F 74588, iR 74588 Ve A
olty. FFH 0.37 e 95 FE8Ho| o8 FE5YH
Ao Bdek Zow veptkon FFH] 0.3 o] FFE 0.7
2] 9 P& o] HAF hasle] o] & 74839 o 90%
TEOE ase AR Ugskon, F3H| 0.70]%de
HA aEol FFH] 0.8dME o2 F& $8 o]

Hi
O
-
Pt
ol
o
i
Ho
A

o
A
mjo
nk
rr
=
Hr
4
IB

>|

S RC 7|S2| s 755

12

-

e
%3

Confining Concrete Stress Ratio
o o
- =

e
0

0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Hollow Ratio

—Theoretical Confining Stress -#External Confining Stress -+ Internal Confining Stress

Fig. 11 Confining stress ratio of H-RC column

T'\‘l’ " Transverse

7 &; LV hl *. .« Reinforcement
. oav T ™

Fig. 12 External and internal confining stress in a H-CFT

60% =, T4 0.99x4= < 20/—.—%77 2] sl A
o= UrE‘rkM ol whell W 7E5HE 3w 0.1914
o] 2753 ] 80% Tl et HAF Ahei]
#9] 02940 4% A2 Bhshe Aoz Uehith 33
H) 0.30]HdME FEHE ARG golw 2T ES] o}
i

ot

Aol fzle] T4ge] WHE Ao B, , ¢
% W o} 2AvE} A2 stel TEHe 9
FogEo] WHE R WS WY 74 glolw 2

SelE A PR At FRG YT TES o)F

£ Aer grtdd

Ty F3HL AsESE SAYEY] FAVL gAY
mEo] ZAE A oA sl LAske T4
go| A} Ao AL & 4 St} ole T AL )
de ZAYE WAS FE9| FH sbssl Fo FAYE
7b 3% T4 el Folu F3HI7E A A E WA
oAl U Sox] Fe] FEelTA Rap] Wi 9%
TE-&Eo] o]& T8 HglM dAsH FoAle A&
T F it} ol 3ol FAYEI} 35 & Al FolA|
% AL usi o2 <8 A=} st dFsA 7

1243) 2013 68 247

| H25@ 335(&



M0
il
ok
ok
Jm
oh

N
o>
HA

N}

2
O

—_———

Confining Stress Ratio
o=
2N

0.2

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Hollow Ratio
~+External confining stress (without inner tube)
-#Internal confining stress(without inner tube)
=<External confining stress(insertion of the inner tube)
~+Internal confining stress (insertion of inner tube)

Theoretical confining stress

Fig. 13 Confining stress ratio after insertion of inner tube

Aoz B, &, FB} 2 FHITINE B
70

4.2 ICH RC 7|89 #5338

Wi FEZF 758 viAle 3 BA4s] sk
Table 19 AL vigtoz 2 (7)3} 4
% % 2 3ke Hedl] g e

Fig. 13 WRE A9 3ol 7433 s »}E}
Aot} JEEH ARl o]To) o & 282
3 A9 SAVE S Mol Ao ek, U 7
s A9 9% 748Y lunE

k. WRREo AIEo RN Fo) 23
7k 3FTEEHT v Aow ‘/}E]r‘fbﬂr ojFx 1
RC 71%°] olgdl g 7483, 2%, 1ea dP=s
Asteld weA] et AHdelol Aol Sk

4.3 Df7jHs At

ICH RC 7159 &84 7F¢ 24 9%= miAe <
AE =Z317] $3le] Table 29 2ol d7E 300mmelA]
3500mm7HA] F7HA71HA Bld& 8 F’ﬂotﬁ o] Rdls
o] A2 M (s) BF t2H, o]&8753E(f) % A
o g2A Wit o] RdES BF F3HE 0.1~0.9
7R Wrolx] BElE siglon) ool YR-RES] FA=

NS Folo] Try and Errordi< ol&ate] UlF-Fee}

248 szz7xsts =28 M25H 35(EH 1245) 20134 62

Table 2. Dimensions of ICH RC column

D Ash fyh ] fl
300 506.7 350 177.35 6.67
400 506.7 350 141.88 6.25
500 506.7 350 101.34 7.00
600 506.7 350 88.67 6.67
800 506.7 350 70.94 6.25
900 506.7 350 59.12 6.67
1000 506.7 350 54.57 6.50
1200 506.7 350 47.29 6.25
1200 506.7 350 47.29 6.25
1500 506.7 350 37.34 6.33
1500 506.7 350 37.34 6.33
1600 506.7 350 35.47 6.25
1800 506.7 350 30.84 6.39
2000 506.7 350 28.38 6.25
2000 506.7 350 28.38 6.25
2100 506.7 350 27.28 6.19
2400 506.7 350 23.65 6.25
2500 506.7 350 22.88 6.20
2800 506.7 350 20.27 6.25
3000 506.7 350 19.17 6.17
3500 506.7 350 16.12 6.29
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Fig. 14 Confining stress ratio about all models
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Fig. 15 Stress-Strain curve at hollow ratio 0.5 of
D2800 models

60

50

B
=

Stress(MPa)
w
S

n
=

10

0 0.01 0.02 003 004 005 006 007 0.08 0.09 0.1 0.11
Strain

—before insert the internal tube —after insert the internal tube

Fig. 16 Stress-Strain curve at hollow ratio 0.6 of
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Fig. 17 Stress-Strain curve at hollow ratio 0.7 of
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Fig. 18 Stress-Strain curve at hollow ratio 0.8 of
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Fig. 23 Presentation of internal confining stress ratio
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Table 3. Dimensions for design (unit : N,mm)

Table 5. Dimensions of models for verification

Articles Dimensions (unit : N,mm)
Di/D’ 0.8 D Ash fyh s fl
D 2500 300 450 350 120 8.75
Di 2000 1000 500 350 90 3.89
] 100 2100 550 350 65 2.82
Asp 506.7 2500 600 350 77 2.18
ftube 250 3500 700 350 34 4.12
fyh 350
B 210000 3} 2t} Han et al(2008) 3 #4210 93 9% 2 B2

Table 4. Thickness of inner tube by han's and
modified equations

Yield failure Buckling failure
condition condition
Han's equation 5.67mm 5.97mm
Modified equation 2.15mm 3.68mm
12
1 r—— == —_—

e
0

Confining Stress Ratio
< o
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(=
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Fig. 24 External confining stress of verification models

4 (113 4 (18)9] A& F2AFE olgle] s 7
é%E%‘Ol A bt i FEEe 4 (902 WA
1)9] 0|2 7482 Hele] Evbss,

fu(o.1g¢go.7) =Yai<gp=<o07 *® fi (19)
_ 2fyhAsp
~Y.1<¢=<07 T’s

fu(o.7<¢;so.9) =Yor<o=09 * i (20)
. nyh,Asp
~Y.7<¢$ <09 " Ds

o) 2A4& Wz Table 45 9% 1 22 7
220 efste] A URRue] T2 ekl Ao
o Aurt Ak 54 2axel TP} o 50%72E
2 5 qglon, ot 59U 7453 Uk A4 Qe
2 AT % 9l Aoz BuE

N

P
oft o X BN

N

S A=3lo|| 9JolA] Rdo] AYL Table 39 AY
g3t F3HE 0.1~0.92 3. ojufe] yH FH
7 AN E FAE A8k

Fig. 24+ Table 59 A|YS AL3lo] ajagt 275
ERd Aoz o F&gEo] o] &3 A fARE
Ao Ueitt o|get Autz Hol A)jkd 4 33 24
Ao ot YE-FE 2P agla U & $EE 9
T UE HAAG) ul - Algido] & Aoz dekdn)

=

2

m o
[N

S a5k g 2
et 1(2008) Mo
Hpgto & 4 ﬁb S AXlskA e, -

e AT

0.994 & o
(2) ICH RC 7

0|
rlo
o J
j=v]
aQ
N
offl
=
=
T
oE
l
i o
1o
o
o



FEE WHRETAZL 279 ooz A B

o 7% RaFEe g FEge] ol T4

A9l AP BEse Aow Uekor], th
=]

E

2 e % A9 Hastel Y 74 9
¥ 5ol FhE wE Ikt 2ow ekt

F2 234 0.7 o|3oA Z =715 Heltl 3|
0.7°1A] =2 715 T = "teA] YRS 15
Folof 42| E7} 3575 AHllell FolAl Bdt

@) W Q7E A A5 U e S
2 S nAE oA FFH|2A] 1 0]9]e] ¥4l
473, WeEsel B, 9420 07, olg 7489
52 o 10299 245 7|3 it

arel 2

re @591 ARIOST)S) BAaTAe 3
BERsel ‘AP ANTEE AWNE AR
(AN EPEDIR) 8] A2 S on], ALNYE
AAFQAN NS NIAE “Se7164Es 7147 A
AIPALIOROY 8] 249102 A=

£t 311 & $(References)

(1) Han, T.H., Lim, N.H., Han, S.Y., Park, J.S.,
and Kang, Y.J. (2008) Nonlinear concrete model
for an internally confined hollow reinforced concrete
column, Mag Concr Res., Vol. 60, No. 6 pp.429-438.

(2) Han, T.H., Yoon, K.Y., and Kang, Y.J. (2010)
Compressive strength of circular hollow reinforced
concrete confined by an internal steel tube
Construction and Building Materials, Vol. 24,

Usg

mjo
rr

s T2 53 RC 7ISel Wy 743

pp.1690-1699.

(3) gEls], d9s], olytAl, Z4E(2009) WRTE FF
RC 7159 AT 54, $=EE32|ESS =R, d=ad
2 Egg] #2149, #A5%, pp.657-668.

Han, T.H., Won, D.H., Yi, G.S., and Kang, Y.J.
(2009) Behavior of Internally Confined Hollow
RC Columns, Journal of the Korea Concrete
Institute, Vol. 21, No. 5, pp.657-668 (in Korean).

(4) gels], 993], 7952011 Ui% +& $F CFT 7]
o vAdY alN, SRS, AT,
A23¢, A4Z, pp.439-454.

Han, T.H., Won, D.H., and Kang, Y.J. (2011)
Nonlinear Analysis of Internally Confined Hollow
CFT Columns, Journal of Korean Society of Steel
Construction, Vol. 23, No. 4, pp.439-454 (in Korean).

(5) 8%, deid, 9g2, olFd, HIA(2012) A=
P25 AL Axd I 7159 = A, sELTE
Se|l=2E Sl k1t 2es], A|243, Al4E, pp.361-369.
Hwang, H.J., Eom, T.S., Park, H.G., Lee, C.N.,
and Kim, H.S. (2012) Compression Test for
Prefabricated Composite Columns Using High-
Strength Steel Angles, Journal of Korean Society
of Steel Construction, Vol. 24, No. 4, pp.361-369
(in Korean).

(6) g&<, WA, daTF(2011) EFAN] we A

PEFRY U5AF, SH=EATFZE=RE, STt
&3] #1237, A23, pp.229-236.
Han, H.S., Choi, B.J., and Han, K.G. (2011)
Compression Behavior of Steel Plate-Concrete
Structures with the Width-to-Thickness Ratio,
Journal of Korean Society of Steel Construction,
Vol 23, No.2, pp. 229-236 (in Korean)

(7] ABAQUS 6.10.1, SIMULIA.

(8) 443], 3], fvtel, F9E(2012) d54Ee We
Wi 7% 5% CFT 7199 A4 75 83 47, st
E=SR=RE Uetesgls] #1324, AUAT, pp.227-235.
Won, D.H., Han, T.H., Yoon, N.R., and Kang,
Y.J. (2012) A Study on Optimum Confined Effect
for Internally Confined Hollow CFT Columns under
Uniaxial Compression, Journal of the Korean
Society of Civil Engineers, Vol. 32, No. 4A, pp.
227-235 (in Korean).

(9) Antonio, F.B. and Gabriel, O.R. (1998) Analysis
of Reinforced Concrete Structures using Ansys
Nonlinear Concrete Model, Computational Mechanics,
New trends and application, Barcelona, Spain, pp.1-7.

Zrxsts| =27 M5A 35(EH 1243) 20134 68 253

I



(2] oF: YR123 RC(Internally Confined Hollow RC, ICH RC) 7120l 3 RC 7129 S35 YREEE Alale] =2
o] ZALEZ 3% +& gl 11-—0174] 3lo] 7159 Awel AAEE Z7MAF] 71%elth. ICH RC 7159 74230 tigh d3= A3 o
o

QL

TR0l SJste] o)Fe] Zork g TEg Tt AR AHY eole. # ATME FF RC 7153 ICH RC 7159 748
b LIRS olbsiel R IR gt o Fhed Jala vl alﬁ selsle] WS EERen, oF ol
o] 71Ee] R Fu HUEAANS o 59 WRRL o) 214S AT o2 48T W T4 WS B 1Y
4% o)g3te] Uehllel W3 748 47 44T 5 ek =@ 54 R R sk 2442 ol§dlel ICH RC 715¢ A4 3%
$9 Toeu 7120 EAA R} o 50%0] i FE FAZ 222 4+ Qo] AANE dusg

8 A 801 )% o248, Y TEeE, ke, vz

254 s=zzpzsts) =27 H25H 35(EH 1243) 20134 6





