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A Study on Properties of Mechanical Behaviors of Concrete
Confined by Circular Steel Tube
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Abstract

We could say that the concrete filled steel tube structure is superior in the view of various
structure properties as to promote improvement of structural capacity to demonstrate hetero-
geneous material properties interdependently.

The compressive strength is increased by putting to tri-axial stress because lateral expansion
of concrete 1s confined by the steel tube, when concrete confined by steel tube fall under centric
axial load. Also, it have an advantage that decrease of load carrying capacity is small, not
occuring section deficiency due to protect falling phenomenon by compression failure of con-
crete. So this study investigated for structural behaviors properties of concrete confined by steel
tube throughout a series of experiment with key parameter, such as diameter-to-thickness(D /t)
ratio, strength of concrete as a study on properties of structural behaviors of confined concrete
the obtained

confined by circular steel tube(tri axial stress), From the experiment results,

results are summarised as follow,
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(1) The restraint effect of concrete by steel tube was presented significantly as the D/t ratio
of steel tube and the strength of filled concrete decrease, and the confined concrete by circular

steel tube was increased respectively twice as much as 4~7 in deformation capacity at the ulti-

mate strength ,compared with those of non-confined concrete, so expected to increase flexible

effect of concrete.

(2) The emprical formula to predict the ultimate capacity of confined concrete by steel tube

and concrete filled steel tube column using restraint coefficient of concrete were proposed.

Keywords : confined effect, plastic deformation, ultimate capacity, tri-axial stress
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Tabie 1 The tist of test specimens

Size(mm) |D/tratio| Radiusof | Area A /A Y] Liem) Remark

D t (D/t) | gyrationti) | Alem®) | A, A | A/A 1 |Strength of concrete| Loading condition

60.5 3.2 18.91 2.03 5.76 7.1 25774 0.223 18.15

76.3 4.0 19.08 2.56 9.085 1 9.085 |41.034; 0.221 22.89

89.1 3.2 27.84 3.04 8.636 | 8.636 157923 0.149 | 26.73 210kg /e’ X : Hollow steel tube

] 4.0 22.28 3.01 10.69 | 10.69 |56.850 | 0.188 | 26.73 300kg /em® Y : Partial loading

1143 3.2 35.71 3.93 11.17 11.17 | 96.894 1 0.115 .29 400kg fem® (concrete plane)

' 4.5 25.40 3.89 15,62 | 15,52 | 94.640 | 0.164 34.29
1398 | 4.5 31.07 4.79 1913 | 1913 [143.70 | 0.133 | 41.94 .
22 g Wy EAske] B mAlE cuttingdte] EA2)|E
& Funl Si7ba] FA% 28U A F A

1gA o] et PEE0E FHE o] &l 7] cutting 71 & Abe-ste] 7habm et @ M Sle & A
T stE stk Ask W UT.M(200t) & o stk 7HE e 29 1o vhebdls mhe} ho)
BOo] FHUAS 4P 4R SUE AT L A0 AN H09, sl hasie
E=E FEE AFo AAHEE v1E3 & end Ast7]l ] Al A A, shd W Zektel W

&7 A, A M ek Mol 4 2 ARA ol
l, Wire Strain Gauge& H-2slo] 910 walg
End Plate = .
Hye _H &)< )
F_Q'/—— Riopaaa - | oading Plate ) g stateh
1 20 2F Set Up& viepic),
3. o] Aot BEM AlY
 So——

Hollow steel tube Loading on the el 714 4AE setalz) siate] 7ol
Rg1 The Load o WaAE QF 2 SRR AHe dsglow,
ig. e Loading condition of stub column test =7 -

specimens FrelEe o EH "1 e zhebel rH e 100X 20h
Conding cm)el A 9AA S A Astel glE Al
& Wi,
[ ] 30 M A
(1) Ao g7 23
>EK — Hinge ’ T
gl Y J Table 2 The results of tension test
o «—Transducer - T
Size (mm) Oy Oy
oo efo " strain gauage D t (t /ent) | (t /em®) o/ Oray | €lol%)
~fg— Specimen 605 | 32 | 3701 | au3 | ni1 | 207
76.3 4.0 | 4.725 5.138 1.087 20.2
ﬁ " 32 | 4443 | 4995 | 1124 215
. 9.1
O Hinge 4.0 5,202 L124 - 212
[ ] 4 A2 L e | L5 ooz
L ] TLA5 | 3945 | 466 L18L 209
Fig2 The Set up of experiment 139.8 | 45 | 3902 j £.651 L L1983 | o218

M| 73 35 1995.6.
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(2) Stub column test

A g bl upt ofekg wlorslv] 9lEh 9
Fyte ity AFaE "3stel Stub column
testis i3,

Stub column A&+ 2hx] AlEl w9} 1S w
WA S W] Edslar gFEA] g
eolut ool A Ftahn) @ SSRC F4
Ml@ﬂ?m)1wkigwg$ﬂ SR =
‘ol end plates &3 sl 298 UTM
200t5 AHgste] A% *ﬂ %"5}%-‘%@] R e
stod gk st shqlch

Table 3 The results of stub column test

T

Slze mm) ' a. | \ E

- S v ”L!X ‘U /a
(t/cm) (t/cm Py

4332 1203 | 2064
gj?{i# L16Y | 2036
LD o421y 1104 | 2136
Taaos | sy | o
3778 | 1075 2079
4101 | 1148 | 2085

4262 | 1096 L 95

X

(t 7/'cgli)

3890

5 —— 1 x T
4 L ]
~ 3 H - .
£
()
S e ]
2 (7T Y TR N, ==
- — - (- 1908‘
- - = (D/D=2784
1 B (D/V-2228 |
"""""" (D/)-35.71
T = (D/)=25.40
T (D/=3107 , '
O i — :
00 05 1.0 15 20 25
) £(%0)

Fig.3 The relationship of stress-strain by stub column
test
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Table 4 The proportion and experiment resuits of

concrete
DeSign GMS SP ‘Umt W€lght kg /m ) CcS ‘ ST
strength ‘ ‘ G W A N
(kg /e’ | (mm) [( J (kg /cm) H{%)
200 113 |12 [334[m6l063 176250 206 1006
300 12 14291 ’68r 1l)‘)1 16913.2 1311 0.30 I
A00 14 [ 533 1744931160 8.0[387] o5 |
Where : GMS : The maximum size of coarse aggregate
SP : Siump C : Cement
S : Sand G : Gravel
W Water A : High range water reducer

CS : The average compressive strength of

concrete

ST : The average strain in maximum strength

SOC‘ ‘(r T T

Compressive Strength(kg /cm*)

C) 3 1 ' |
cCc 02 04 0F6

Strain(?;)

0.8 .

(@]

Fig.4 The relationship of stress-strain of concrete
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Photo.] The scene of experiment for concrete filled steel
tube column

Table 5 The experiment results for concrete filled steel tube column

P e /P /PP T PP

7S m’:\x ¢t omay Oomax © mn(

Size (mm) Lo £
T o I) / t b3 Fre " 1 B " o
D |t : 300 1400 | 210 T so0 | 00 f;41_(_)”“ 300400 1 210 [ 300 [ 400

|
LA ;
60.5 1 32 18, 5)1 )790

1
7 ] 3 3590 | 36.71 7 1.479 266 0 1249 0 1195 1 1347 1 1,439 1 1471
76, % A0 11908 0. 811 ' 56.72 | 60.04 7 1.144 1.246 | 1.221 1211 1 1.359 | 1.4 15()”‘ 1.525
89.1 | 3.2 | 27.84 | 1177 6003 | 65.65 PL206 | 1,193 1185 )Zb 1.670 | 1.802
8.1 | 4.0 | 22.28 | 0.943 71.34 | 70,82 1218 1 1.206 | 1.403 | 1.514 | 1.609
114.3 | 32 | 35.71 | 1468 | 72.69 | 82.03 1 90,33 2 | 2,406 1182 0 1177 1 1.723 1 1.944 | 2.141
114.3 ] 45 | 2540 | 1,059 [ 1()‘) 17 4.313 . 3.466 2.978 | 1 209 | 1202 1. 185 © 1.459 i L1714
139.8 | 4.5 | 3107 | 1.339 | 1 141.5 { 15: ‘)H P3.168 12764 1 1198 1 1.189 © 1.182 CLS71 0 1737 1885
Where : D / "*‘l)ldInLI( r to-Thickness x~+Non-dimension D /t ratio P54 2hy) ‘lllilH
Paeedtact B e g P HP = Superimposed strength P ~+Ultimate strength of hollow steel tube

M7 # 35 1995.6. 203
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Fig.5 The relationship of Load-axial displacement
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Fig.6 The relationship of Load-transverse displacement
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Photo.2 The fracture mode of concrete filled steel tube
column

TETE- R REE k=
woielvie] ol wheh 4

0” )‘1 : = 1” 111' o

S R B IS RS S

ORI

S| whalBhi: A0 b giohg ol 9]

R P E e B R B Y EP

205



ot Lhebutch olis 9] yto] gubate] Qg SR

o 485}l %—aa}z., whatol A o] qhwlE GolH] AW FAe i Hael ol dal
of 01 sn Slip & #3o] %

g GERIT A A9

= mﬁ

e ‘319] Hug T 3}04 FHO RN L sorvke] W& =l thulAlA zhzhe] 7wl
Vrivh eketslte] g RE ZjiE 42 gl u Aol EpAulel wWsle] wE AWM THS
ol Ao Als gt (A7 3) 3 st
o gt W AFAMIZE He e ZEAHYE SrEol A @b 9l upsh yro| zhaklo)] 21
o] ek BhE AR W A8k byt EZ 2dstogx] gyyoz 2yt s
RAUF AL - A B Yo Ty
de) FeEu 1L5~3.08 Hxeol Wl &
7kt ok
HEsde 371 Fg 2 A xez 22
clEe Al WEaE g EAu} 3 g
TE LSS A et
g, ZAag|Ee] & Aol o A
ol MY &S ZAeE el A A w3
of B g p&o) gle SAYEY A9 H
tHE Al o] ME 8o 0.26~0.35% =R e
A DY FPo A ZANES FEI P 3
52 232|E STZAUI|S0 thE 2 HEds Hi g A o] M o] fAHOR 1~2% HL=
Hel 8t vhebdth weld A¥gReE RANEER &

(1) H¥ss e H7t FARES] AYTNHE #YF Ue AoR e
a9 72 Aol ZEAu o] Wl we} Ty sttt
ool gl 22 E $1 e MEES o (2) W5 Gopae) Agt
2 AN e Fd FAEY] st wE

28 T T T ememanee e ESAU S shebvE e she] 2agE
24 b Y 19 Totareat A EreTe] 2AuEEEe Y 4 ol A

CH o osye) 3248 Aleeiy,

ol e i T=—9.287+31.184 (R=0.970)

< (FAYEYL : 210kg /cm?)

52 g : - &= —13.8345+32.035 (R=0.970)

sl E\Q\B\n\ﬁ\ i (22 E4% : 300kg /cm?)

3 5 §=—6.4773+15.654 (R=0.957)

E% 4 \\. - (ZA2YE L 1 400kg /cm?)

0 J : : a2 82 FAE 1 AT 24UE Y
0. . 0 1.7 1.4 o i
6 08 1.0 12 14 16 of el Hzxkgol olsl B ool A Alehshs
Non-dimension D /t ratio{%) N 5
NP S ALgete] HAD Aaksl ARLHE o
Fig.7 The plastic deformation capacity according to

strength of concrete vl Al A GERA 7o)t}

iih)

206 Zaz|ssts =2y



e

-l ; -
Epenment esult Regression fesgit

~™ A
24+

220 -

3

g

3 -

S16 b

3

o

512+

= -

o

3

<

3

s & -

2

=

S

LA

o
O | 1

0¢ 08 1.C 1.z L4 1.

Non-dimension ) /'t ratio)

o

Fig.8 The comparison of the results of experiment/ re-
gression for plastic deformation capacity

Sgel ) eF gt ket ol A e H
si kel 8l Avkis e (tAbE ol glen],
gk Mol ol A AlQhahiz g f} ° A stel 2]
g1 & Ay safe] A AISC,
NEpell A A Al 2l H A *.:*O"M“»
ur e shv] 9 8h EE A A ok
el g4 A7
8holl (210300—400) whep 7p2kel R 21—
L4130 g1 o ksl A7 5 ol e

Apil ek,

Wb b8t g,

A g s

5.3 Z[CHLHEI S| Bt

ool A ys FAre] s gl dat kel den
vhip G it shed zhzbe] gpins Syt v

of) thu] A7 Hehuw e o ol sf At Sl
(1) 3#5ru) o] e sholl oy Hujuh i of vlae
“Lgl 9y kel M N-u| ‘3‘_ sho whit zh 2}

1

o] Bl AtziglE o] wPRWEL Sy H% v} gk
qrdzel glis Freru)Fiof thu| Al A AR I

el & LheRd ol
o %] Eeaule) wshell whi g gl chel

Max

rrpytell e FHeh el & ok 1.35~2.14u) P

Hl 72 3% 1995.6.

Ed bl Ao WeE P,

Ml abEam moe) i Bdde s §

& e &}
[N P ey
e i Pmas/cPima
- T 1O 210(kg/cm®)
~ \' 1% 300(kg/cm® || 5
Q~\ - e O 4000k /em®
4 - ™
I - R 1%
[ \\Q\\"q o ™~ 2
i © — S 43y
- nl o . —
E - T i
—e -
=, L x| ok
“ =/.’/ Ei—/‘vl o~
. i 2 T
Iv In(x.m
0 ' ‘ ¢

e 08 1.0 1D T4 16

Non-dimension [} £t ratiofs)

Fig.9 The relationship of Non-dimension D/ t ratio-Ulti-
mate strength

b Es A Hopue ’5"';;‘-{’1".": 5 #] Llrﬂ

:
shal gharald Aup e F vkl i §t

Pkl el op staref el gn

}omrak g pou) g g sk gl oA A
o troulEe 2 76~5. 77 N d Al vhebvb e

oF 4= qluh oof ¢+ ARH LT bt e

ghat At vl e AL ARE S

e Yol Al o ?:‘ AR

re)iaeb Zhakel oot kel Hejhe

Eowkeldl wkAlel 9lis lesl Kot

A A AIAl HA el A sterel ol datel
3

S N LR R el ke glelM

7°yr‘—’] e ule

(2) sts

1l 2 v} o
I A ET R ol BUR s R B U
2 ooulAl A vheRd Aolu), A el el
9l o] 4] Aol o

(P=A - F)sh sl eGP =A <o) 2l
P,,‘r_ ci o} &} St

"T /P /Ll

207



L
O

.
o
T

o
O
T

e

w
]

" The strength of filled concrete
® 210(kg/cre’)
V' 300(kg/cra’)
v 400(kg/cm’)

.10 | | | i
66 08 1.0 1.2 14 18
(a)

Non-dimension D /t ratio(a

Experiment strength /Superimposed strength(P . /P,)

Fig.10 The comparison of uitimate strength by experiment
results and superimposed strength

agolA] & £ UE vk} go] YA HoE E
FANIE HEFE ZAYNEY PR GEFE
AEHY /57hg e ve A4 Jebden o
e 1.18~1.27 A= 2 viebyr}, waks 237
E 7859 Adidig Aol oA A
S g d¥dae ARG oY g b}E}LH
Ao Tyl YEaA oz HoguHEs
Ralr)ole Talsb ot & £ glom 2R 701~
@7

o AR S AP + U= 48 Aol
<]

54 3533 ME{2| 232|E ¥ ZHUM IS
2| ZCHLHE TItAlo] X2k

ZAYUE FH F#H 7159 2EHEEHE BAY
A 24YHCE o] A B 5 e
2o FAZTAYEY] A5 AL o3 1 AE
& F olHAR] Folgnel zpolefl A AP s}
i e

HA 3 FAEV GA e 3
o] ¥olfuizl 0.3, FHNE TAEQ ¥olin]
£ 0.15~0.25 ol22 ZHE ZAaYEE 7y
o3 FEAME e Ao AR £ QJut W
W ko] 9t o9& FEH F 2 Al
=

HE A ES] XobdH = 0.3~0. 877}4
oq =2 ZAZE &0 29 WMol
g A4 "1y, aeeg d &
WEme) w4 0 El
e deist =0 2
L weba e 03*%01]*1L

1x
N
o

o

£
0
{0

r
0

|

Hu
iy )

o
ok

ol

o @
1
£ W o e

Do O“N'
I

1
I
s
w
-HN'
&)
Ak oo

fu
r 1
2

rh
ox E
puj

Ir
w
Ay
o

ey
i
i
L
m
o
S
. H1
o
N
X
1>
&
°

i T
r g
so
QL

fr

w2 ol
ol
to X
o3
L
[
roT )
- i
kol
~N 1o
-~ oN
%
R A
=
i)
to
rx,
oX
(%
fhee
4

[N
W~ 1
oo
Im
of
r_>.i
Oi
e
N
O‘

2 7
bacs
2 .
>
ol
2
i
lu
B

im
MO
o
!
°
1o
%
w4
I
in

o 22
" ’U‘

oX
o
—+H
I
o

1BV
1o
OB
o
9,
12
)
i}
o
fu
R
Mo
1
i)
i
e

w 2
r
B
f‘U
ACH

P.=P_+CP, (1)

714 : P~2a2E 490 2%
C—7&A%5 Pe7dgd

(121014 P,9) gte 7ae] 93aaksd(,
of ol theol (20413 go] P& 4 UTh

P,=t /D.ay (2)

d

A7IA Lt date] A D7) oA

F

(1) AolA JeERRR e 238 Ee] 7
A4 19284 Richartell o)A 4.12 Alrl€
olef ey A aLEl o8 thFdk gho] A A% L
e g A HoR 245~6.0 L] 9
2 2nE3 geh gk 9o A ApgE A9
E¥
]

@ AP $YL Fohd HHW AN B
a7 Wgol 2 A7l AojNE pael
A S Zolpulol el AT el S 7

s 3 AL ES] FEusel ME A S



g olg Hx As
HEE AZE7 A 4e
o

ol ofa F&E ZAES
obzf o ol A&

P,=0.464P . +1.965¢ v, - 4.325

7|8 P—~2AHE ALY #=
G Y-2h gl A ]
vy~ 78] ghg- A] Fobgu)

P sy 70" '?} 9’] so]"!;:" %‘ E;’;}

o] A et

& 7)) 7h:2] A orE]

ol et HU4E e ke merelSe) el
A &gte] AN Ha gL HEH ALS 98

t}, w2 Aol i B8 E S 4y 7

¥
HNE Zro] THASFE ol f3to] F:
g 1t 7&'*.'»}91 grgate] yrige
2 dd e WE-E 784 e 7k Ak g
6

ofef 2} 7ro] A QFa}a1 X}

Pmaxchu+P5y (R=0.960)

Table 6 The comparison of experimental results and
caiculated results of ultimate strength of con-
crete filled steel tube

. 210 30 10 Pe /Pa
D/t - | Fe [ Pa | Pe | Pa | Pe | Pal| 2030 100
1891 |3362]33.85|35.90 ] 34.86 | 36.71] 5.7 | 9.3 | 1.030 | 1.026
19.08 53,53 5310 56.72 | 54.71 | 60.04 ] 56.16 | L008 | 1.037 | 109

2784 |55.57 | 58.66 | 60.03 60,94 | 65.65 | 62.98 | 0.947 | 0.985 | 1042
2208 16610 166,30 | 71.34 { 68.55 | 75.82 | 70.55 | 0.997 | 1.041 | 1.075
35.71 | 72,691 76,40 182.03 [ 80.21 | 90.33 | 83.63 | 1.952{1.023 | 1.080
2540 192,89 92.78 1 102.0 ] 96.52 | 109.1 99.85 1 1001 | 1.057 | 1.093
31.07 11281 13&(){141.6 138.6 | 153.7 14%1‘ 0.963 | 1.021 | HMJ

Where : D /t— %Y%) P —Ultimate Qtr( ngth in each

strength of concrete

P ~Experiment result
P, —Caiculation result
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