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ABSTRACT

Keywords: concrete filled box column, composite column, steel
reinforced concrete, column

Use of concrete-filled hollow sections for columns has many
advantages.  First, the mechanical properties of concrete can be
enhanced by the confinement provided by steel box. Second, the
inward buckling of the steel box can be prevented by the concrete core.
Third, no formwork is required. As a result, these columns possess
extra strength and extra stiffness in a fairly economical and environment
friendly way.

Based on the size and fabrication method of the cross section,
concrete-filled hollow sections can be differentiated as concrete-filled
tubes (CFTs) and concrete-filled box columns (CFBCs). For square
sections as an example, the width of CFT seldom exceed 406 mm (16
in.), however, the width of CFB seldom smaller than 500 mm. In
addition, CFTs use so called structural tubing which has gradual
transition without welds at the corners of the section. Nevertheless,
CFBCs use box sections which are fabricated by welding four pieces of
steel plates at section corners. Box sections are already wused
extensively in Taiwan.

This project will try to clarify the flexural behavior of CFBC
columns with high axial loading, which is around 40% of axial strength.
The research works for this project include: (1) collating researches, (2)
designing specimens, (3) fabricating specimens, (4) finishing
experiments for materials and CFBC columns, (5) evaluating
reasonability of rules from codes, and (6) holding two symposiums.

From two symposiums, design parameters in this project are
supported. It is also concluded that the results of this project will be

very useful in practice because there are some columns in some

X1V
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buildings sustaining high axial loading, which is around 40% to 50% of
the axial strength. The design method of confinement tie rods
proposed by this project is simple and friendly for engineers to follow.
From the test results of this project, it is observed that the plastic
rotation angle capacity will decrease significantly as the axial loading
increases. For b/t of 32 and 40, the phenomenon becomes more serious
when b/t increases. But the phenomenon is not serious when b/t is 48.
It looks like there are at least two kind of categories for CFBC with high
axial loading. In case we desire that CFBC with high axial loading can
perform the plastic rotation angle capacity larger than 3% rad,
confinement tie rods with confinement stress of 66 and 58 kgf/cm?
should be equipped within the range of plastic hinges of CFBC with b/t
of 48 and 40, respectively. It is suggested that the arrangement of

confinement tie rods should follow the way in this project.
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D25 A490 19 25 11.91 |12.71
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g HREFEHHG
% 4-1 FHpHPd R rAREsL
Specimen Fya f’ca P/Pn GOt Mn Mexp+ Mexp— Mexp exp 9yn+ 9y}'l— eyn equ eu— eu ep+ ep— ep ﬂ + M - /u
U/l et/ 2 ket 21Tf-m tf-m tf-m tf-m M, %rad %rad %rad
R48-40 |4.156 519.8 36.7% 150 151 -156 153 1.02]0.83 -0.75 0.79(3.95 -3.47 3.71|3.12 -2.73 2.92| 4.74 4.61 4.68
R40-20 |4.156 519.8 18.5% 101 109 -111 110 1.08]1.47 -1.14 1.30|5.14 -4.93 5.03/|3.68 -3.79 3.73|3.50 4.33 3.92
R40-40 |4.156 519.8 40.1% 100 119 -98 109 1.09]0.73 -0.85 0.79(2.24 -1.97 2.10|1.51 -1.12 1.31|3.07 2.31 2.69
T48-40-H [4.156 519.8 38.3%(133.31| 149 193 -206 200 1.34|0.65 -0.84 0.74|5.13 -5.27 5.20(4.49 -4.44 4.46|7.92 6.30 7.11
T48-40-M |4.156 519.8 39.3%| 66.10 | 149 172 -176 174 1.17|0.42 -1.05 0.74|4.67 -5.22 4.94(4.25 -4.17 4.21(11.12 4.96 8.04
T48-40-L |4.156 519.8 34.4%|33.52 | 150 167 -163 165 1.10]0.61 -1.08 0.84(5.39 -5.40 5.39|4.79 -4.31 4.55|8.90 4.98 6.94
T40-40-H [4.156 519.8 40.1%|91.66 | 100 128 -131 130 1.30/0.74 -0.79 0.76|4.54 -4.80 4.67|3.81 -4.01 3.91|6.16 6.06 6.11
T40-40-M |4.156 519.8 41.0%|44.52 | 99 121 -115 118 1.19]0.57 -0.86 0.71(3.45 -3.31 3.38(2.88 -2.45 2.66| 6.03 3.86 4.95
T40-40-L |4.156 519.8 39.7%|24.43 | 100 121 -116 118 1.19]0.67 -0.57 0.62(2.81 -2.65 2.73|2.14 -2.08 2.11|4.20 4.63 4.41
(FHR KR 27 EiF)
3 4-2 HF 1 R48-40 2 R40-40 2552 X R b2 " E3bi %
8/b 8/b 8/b 8/b
g at 1.50% |at -1.50%| at 2.00% |at -2.00%
R40-40 | 0.0177 0.0065 0.0482 0.0231
R48-40 | 0.0234 0.0064 0.0448 0.0140
(FHRXB 277 8iT)
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B W SRCH. &
BERETELATHSEMN

@m$mﬁﬁﬁﬁiﬁwﬁ&la 3E,

m RBRFRAREARM t T

y

B - 2184 2010ARARFRE RS &
" AR R R B A § A KN

= BAT K RBE R RH
EBA RARTEITRRABLRAL

m <0.25P 34 /1 DRATSRCABLER LA L
m 0.25P, ~0.35P,8h /) Db/t <32 » Kw E H R R4T
m > 0.35P¢u /) >R e BB R EAT
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T A& %]-T48 vs R48

210 |— 210 T T
140 [ R48-45 = 140 | T48-45-L
= t LT ] =
= e f] Vi g
£ 0 y s 0
= 0 . = 70 =
140 = -140
2210 =210
8 -6 4 2 0 2 4 6 8 8 6 4 2 0 2 4 6 8
Drift Angle (% rad) Drift Angle (% rad)
210 T | 210
140 FT48-45-M == 140
-~ AL o
5 R E
= 0 77 £ b
2 .0 : = 0
140 3 -140
210 -210
8 6 4 -2 0 2 4 6 8 8 6 -4 22 0 2 4 6 8
Drift Angle (% rad) Drift Angle (% rad)
35
T & %]-T40 vs R40
150 150 —1—
100 100 | T40-45-L =
E 50 'E 50 By e
= 0 T = 0 7 7
= 50 = 50 lf’l / 4
-100 -100 il
-150 -150
% 6 4 2 0 2 4 6 8 8 6 4 2 0 2 4 6 8
Drift Angle (% rad) Drift Angle (% rad)
150 | 150 T T ]
100 | T40-s M == 100 | T40-45-1 =)
= 50 T ] = 50 e P
: AN : 1717
e 0 T e 0 7 1 s
= 50 ; l et Z 50 [ Z// L1
-100 = | -100 “;{-j |
-150 -150 -
4 6 4 2 0 2 4 6 8 8 6 -4 2 0 2 4 6 8
Drift Angle (% rad) Drift Angle (% rad)
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21
B

HEB K

RAFIMTA b

Drift (%)

T40-45-H 7

Specimen

P 0. M,

P, kgflem> M

0.

% rad % rad

0

0

Y P

6 R

~ T48-45-H
T48-45-M
T48-45-L

39% 13331 1.34
39% 66.10 1.17
34% 3352 1.10

5.20
4.95
5.40

4.46
421
4.55

1.53 —
1.44

1.56

R48-45

39% - 1.03

371

292

0y (%o rad)

90 120 150

6. (kef/em®)

¥ RA48-45 | T48-45-1, | T48-45-M | Td8-45-H || e uu i
RBEHE | 15 1.5 2 2
o)k 5 6 6 6 £
VLR 6 6 6 : .

- Drift (%) .

R40-45 | T40-45-L | T40-45-M | T40-45-H -

RIPRE| LS 1.5 1.5 2 )
#EaME| 3 4 5 6
wamE| - i 5 s |
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Specimen P,, kgf/fem*> M %rad % rad @ =R

My, 6. 6, 6,

— T40-45-H 40% 91.66
T40-45-M 41% 44.52
T40-45-L 41% 24.43

1.30 467 391 298
1.19 338 2.66 2.03
.19 273 211 1.61

R40-45 40% -

1.09 210 131 -

5
54 % - T40-45
g 3 —_—— e — o ———
§ 2 I 30/0 rad
=3 | A R40-45 :
|58
0 Il 1
0 30 60 90 120 150
G (kgt/ sz) 39
= 2 2> Ry
B R AR F &

T RR1/2)

£;=3.5 ti/em?

[.'=420 kgf/cm?
2<blt<48— F 3}
48 < blt < 60— 4 3k

EARBHESE
(BARTA

EEELSDEE)
B ES< D3z %52

P b g ct,req

Py t  kegf/lem?
20% 40~60 52
40%  ~48 66
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BEHEARRIFZEARRA

1
#FA, 225D, .,

RHEARRFZEARRES

¢F.A Z%SDG.

ctreq

HABLSDR I RES
#103-23:BHE ) FA,

(H£C10.3-2)
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&RMERA/9)

AR RPN A MR
RAEAZLSIRA 2 BEGE
SRF, = 35 thlem? » RE L [ = 420 kgf/em? »
BARRYG0APE) (BRT —LRBALH0.2P ) )
bit= 40,482 B KL M, /M
= % AR (1.03~1.09)
= REEED/IH D 3% o > HIER K
bit=40,482 BMHRAXEO,
» AREED/IE Y T3 Ao 0 R KE b A488) R REHF (2.92% rad)
n FRNF3% rad

43

EWP|RERQ/)

blt=40% 48 %4215
GEREL M, /MRS E15%
ARRT  BHEALARERRH/ZEARER
b/t =40% 484 A B £ 842
TORBRARAVANEZ BHERATEO,
® b/t=A4040 %AL 1
BHRAEE O R H120%(61~197%)

m bit=48im B4R %
BHBARE ORI €48%(44~53%)
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o b/t<=48—F Ht
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" PIP,=20%t B £ BH F KT 47 F IR A S52kgl/em? (b/t=60)
u PIP,=40%& 8 R B 1 & R T 4% F 8 %66 kgf/em? (b/t=48)
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m <0.25P#4) DRATSRCAB XA LR
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e, SF,
p C, —
33 1 B B 'bu g ‘ﬂ)T (ml
Dn ey T e Csb Cs’wa
q 7 | Cswbl < Y
D ¢ e XTJ% % ? dCswb2
[N o ) S —— [ — : - \ -
“r n ¢ 7 Xgy deb - ;d]]k:vb2
V_’ (_t a g , g.s‘v \* l . swh2
F"v ];/b F"v Tswbl
xb =B gcu
gcu + gsy
a=px,
B, =0.85-0.05(f - 280)/70, 0.65 < , < 0.85 (/" in kgf /em?)
pY F |
X, =B-x, x, =8, §=|0698+0073 | x-*| <100
C, =085f'B d, = ( ﬂlj
L A b = Xp Y
t
T'Ajfb = Fth s TTTTTTETTTTmmmmmmmmmmmmmmmmm e s e defb ‘xsy +E
t
(O T S — de =%+
2 t
T'swbl = 2F)t s TTTTTTTTTTTTmmmmTmmmm oo oo s e e dewbl = xsy +E
Cswbl = 2tSFy (t + xb - xsyc )’ ________________________ dCswbl = xb - (t + xb - xsyc )/2
Tswa = Fytxsy s TTTTTTTTTTTTEmmmTmmmm oo mmmm T e dewa = 2xsy/3
Cswa = SE} txsyc = SFytS'xxy = Svawa s TTTTTTTETTTTTT dCswa = 2xsyc /3

P=C, - Tsfb + Cs_/b =Tt + Coupt = Lo + Cona
=C b _Tsf (1 - S)_Tswbl + Cswbl - Tswbz(l _Sz)

Ci
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Mz B Al A A Rh Y S T Jld ss o S

B
Pb(eb +X,—— =My
2
= chdcb + Tsfdesfb + Cs_/desfb + vabldewbl + CswbldCwal + Tm’b2dﬁwb2 + CswadCwa2

- 0.85fc’Bﬂ1x,f( —%j+gBr[B—x,,(1—S)+é(1+S)}

+ T'swbldewbl + Cswbldswbl + TS‘WbZdTSsz + CswadCswa
— MCL B
eb = - Xb -
P, 2

M, =PFe,

(2 BB HHEKP-MZE e

t X ’
| e 0.85f. SF, C, SE,
|
B 4 B : R} q c W — Cxwl
; o P oa <X .
¢ (4 o X+ t/2
° A
r 1&& x_“é_*é d dC‘WI L Cst
T a ’ l dCst
¢, e
I AT N AR c———Y Y . .Y A — -
[« t ’ - X+ Z‘/ dew
. = - T
F; T;f FV sw
a= ﬂl'an

B, =0.85-0.05(f'—280)/70, 0.65 < 3, < 0.85 (/" in kef /em?)

£, DY F, h
X, =—2xS, §=0.698+0.073 = | x| <1.00

€., t E,
C.=085f/BBx=085f/Ba, =-------------mmmmmue- de = x(l —%j

Tsf t
Tsf = X, SFth s TTTTTTTTTSmTmmTmoomoomommomommommes dej B x+5

t
oY dey =x+—
1
Cswl = 2t*SWFVy (t +x - xsyc )’ --------------------------- dCswl = xsyc + E(t +x - xsyc )
2
T, =MFyz, ------------------------------- d.  =2(B=x+1)
Xpe 3
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132

2
Csw2 = tSFy‘xsyc s TTTTTTTTEmEmmmmmmmmmmmmmmmmmmmmm dCst = g'xsyc
B
P:Cc_i_céf+CSW1+CSW2_7—;f_]—;W29 """"""" dp= X_E te
B
Ple+x- E = Cchc + Tsf def + Cs_‘deSf + CswldCswl + Tst dewZ + Cst dCst = MCL
e=Ma (B
P 2
M = Pe
Byt E &4 Al P-M2 e
I X
v e 0.85f/ SF, C,  SF,
i 7 $
‘T%B < > T T Sgscu / 2 . (ic T T_ Cswl
. x< X, ay O N =
ET R 75 e el R 00 Z
P <& ><_a41"'é|3 B A JT ¢ Adp )
Xy d 5 7
a . e* @ v d Tswl sw2
roe it Y !
t ° ° / é > T;wl
[ A 4
Z —>»
FoT F,
a=px
B, =0.85-0.05(f'—280)/70, 0.65 < 8, < 0.85 (/" in kgf /em?)
gsv D ’ F’ 7
Xy = —X, Xoye = sty > S = {0698 + 0073(-) X—}] <1.00
‘ € A A t Es
C,=0.85f'BBx=0.85f'Ba, --------------- d.. = x(l —%}
t
TSf:Fvtha """""""""""""""""""" dTSfZB_x+E
t
I o T ——— dey =x+7
1
T, = 2tFy(B—x—xsy T dn =X, +5(B—x—xsy +t)
1
Cswl = 2tSFy (t +X— ‘xsyc )’ ____________________ dCswl = xsyc + E(t +X— xsyc)
2
vaZ = tFyxsy s TTTTTTTTTTTTETTTTT T E T dew2 = E'xsy
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— — Q2 —
Cst - tSFy'xsyc - S Tst s TTTTTETTETEmEmmmEmmmTT dCst - g'xsyc
P= Cc + Csf + Cswl + Csw2 - Tg)" - Ts‘wl - Ts‘w2
M ca = Cchc + Tsf def + Csf dCsf + ]—;'wldfswl + CswldCswl + (Csw2 + vaZ )dsw2

eMa [ B
P 2

M=Pe=M_ —P(x—g)

(4)3+ & #dh 4 B P (M=0)

[ X—
} e SF,
<_Lb 2 B = T — Cswl
a <
ooy e — ]
¢ 4 I
4 XAt
D 4 a Q 4 3 Csm2
' Y

o v
l—1? g

C.=0.85f'BpBx=0.85f'Ba

Ty=0

be = SFth = Sbe

TSW1:0

CSW1:2SFyl‘

Cswgzl‘SFyxsy/Z

P= Cc + Csf + Cswl + Cswz - Tsf -1, T,,
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(5)* & 4 525k 5 M (P=0)

X—a—
t '
! e 0.85f SF, Cy SF.
I 1 gcu ¢ :
<TTA_B “ 3 i’ T T Cca E‘ Cxwal
N . i’ ) +12 —|
AR B G xa_l_ d 5 — C
D I " X—é—‘B- Sy ca swal,C swa2
B | e Tl | N I /A e . | .
v [4 [} Erau ’ gsy J_xsya B—x +t/2 dswal,T T;wa2
_‘j <_t Y y 'ﬂé > — > ];wa]
Fooor F,
y xﬁz y
a=px,
B, =0.85-0.05(f'—280)/70, 0.65 < 3, < 0.85 (/" in kef /em?)
sy g?y D ? Fv h
X, =X, x, =S, =8x,, §$=]0.698+0.073 —| x—| <1.00
‘ cu ‘ cu ; t Es
_ / _ £y
Cc - 0'85ﬁ’Bﬂ1xn09 ----------------------- dCc an _7
t
beszBta """""""""""""""""" def:B_an+E
t
Cy = SF,Bl, =nnmmmmmeemeezzeeennnnnnaas dey = X0+
Tswl =2Fth—an—xsy+t s TTTTTTTTmommes dewl _x5y+l B_x,1o_xsy+t
2
Cswl = ZSFyt(t + an - xsyc )? ---------------- dCswl = xsyc + _(an - xsyc + t)
2
Tsw2 = Fytxsy s TTTTTTETEmTEmmEmmmmmmmmmmmmmmmm dewZ - g'xsy
2
Cst = SFyt‘xsyc s TTTTTTETEETEmmmmmmmmmmmmmmm dCst = g'xsyc
LF = 0 = Cc + Cv/ + Cswl + Csw2 - Tg)" - wal - TYWZ
L B(3-8)+2t(1-5)
n0
0.85f'B &
M+2(I+S)+i(l—S)
Ft
MnO = Cchc + Tsf’def + Csdesf + CswldCswl + waldﬁwl + Csw2dCsw2 + Tstdewz
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Use “fully plastic” for steel box column

Derive x, (Balanced Control)
t

A
o
N o
~
D .€, .
- =% ;
o bG
° .o
A 4
£
x, =B =
Eeu + gsy

1. Derive M _for 0<x<x, (Tension Control)

t X——
¢ e
A
< QT B [ »
v Lad
N .
. v &
~ b
D= =% A
NG A
] b@ . 6
° ° °
_> }‘_ot
Y
a=px,
a, =0.85

B, =0.85-0.05(/'—280)/70, 0.65 < A, < 0.85 (1 in kef /cm?)

pY F T
S =[0.698+0.073 | x| <100
t

N
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C.=afBfx, C,=SF.Dt, T,=FDt, C, =2SFx, T, =2F(B-x),

B
€2=)C—E
;—D(S—1)+2B
P=C+C,+C —-T,-T =x=—= =c,c,.C ,T,,T
c sf' sw sf swW [ o Nsfr Mswo Tgf 0 Tew
/BA +2(S+1)
Frt
y
M=C|x——-¢, |+C, £+£ +T, £+i +C,, al e, |+T,, _ +e, ||,
2 2 2 T\ 2
M
e=—
P

t X—a—
¢ e
AB ) = I
N o
v &
&
= 0v
[ — _“_.H—-—.._
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