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Behavior of Axially Loaded Concrete-filled
Steel Box Columns in Fire

Student : Y1-Chen Wu Adviser : Dr. Cheng-Chih Chen

Department of Civil Engineering

National Chiao Tung University

Abstract

This research has been conducted experimentally and numerically to investigate the
behavior of full-scale concrete-filled steel box columns (CFBCs) subjected to axial
compression load and elevated temperature. Three CFBC specimens were designed and
constructed according to the current design code and capacity of the furnace. Two of the
specimens had been sprayed with fire protection coating for two hours fire resistance rating.
During the test, axial compression, corresponding to. 100%, 100% and 56%, respectively, of
the nominal compression strength of the-specimens, was applied to these three specimens, and
the specimens were proceeded the fire test to study their behavior and failure in fire. The
specimens with two hour fire protection can‘reach two hours fire resistance rating. For the
first specimen, axial compression test was performed again after the specimen had been
cooled. Within the range of the design load,.the axial stiffness of the specimen was recovered
and the specimen behaved linearly elastic. During the specimen tested under elevated
temperature, sound of the concrete bursting was continued heard which did not cause
immediate failure of the specimen due to the confinement of the column steel plate. The final
failure mode was the bulge of the column steel plate and inner concrete crushing. The
experimental results indicate that concrete-filled box columns possess acceptable fire
resistance. Moreover, utilizing the recorded temperature on the specimens, an analytical
method was established to predict the axial deformation of the specimens by considering
thermal expansion and reduction of the mechanical properties of the materials at elevated

temperature. As a result, analytical method can achieve good agreement with test results.

Keywords: concrete-filled steel box column, elevated temperature, fire test, axial deformation
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Axial deformation (mm)
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Axial deformation (mm)
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Axial deformation (mm)
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lﬁ-é;;{,-..

Fé (Frickis)

S

A

iz % & (ASTM E 605)
wEUERIE (560°C/ 30 mins)
R 55 B (ASTM E 761)
"% 35 B (ASTM E 736)
tued (ASTM E 759)
FLlI=F (ASTM E 760)
$u5 4 (ASTME 937)
A ¥ (ASTME 859)

LG HETS (ASTME 84)
T B E (ASTME 84)

% %+ (ASTME 136)

# b thic (JISA 1412)

ml4

% #c (ASTM C 423)
PR OF R )
PH it (4o "k #42)

SRR VES

NES £

A iR (20°C/50% RH)

|28

F 50%5% B
F 70%5 B
F 98%% B

S RARER A

w4
RESBETRE AR

: 1.13~1.40 L/kg

: 26 PCF/28 PCF(Min. Ind./Avg.)
D& CO~CO2 f #4 #

: Min. Avg. 5,000 PSF

: Min. Avg. 500 PSF

. Pass

. Pass

: 0.00 gm/mm’

2 0.000 gm/ft*

S0-(F IS PE v 5 F)
0P R I FEEP RS R)
M S

:0.079 kcal/mh°C at Avg.30°C
'NRC=0.60 at 25 mm

D& 15mm 2t

212

-

A
g

L R

DR 26 | B

D57 %
:10~12 =
: 028 % 1}
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¥4 /é/wl}{.— +8 34

PR BN T g gk SR SR g
A3 PR R > TR R i R

1. #4%% CFBC-1
(1) ’FEI Jﬁ*T*m@)’L g 5&i)§i(Pns)

0 500x500x22x22 & B L=4350 mm 4kt & A =42064 mm®

P4 E R R Fy=371.8 MPa 1 % 4% 8|2 #i-#ic E~205800 MPa

e 1= L x 500’ ><500—%><4563 x 456 =1605218325 mm*

A 2 gn = ]1605218325 195 mm
42064

A
_ 42004 =16.8% = 2% OK

S

4 v ps= =
P BH ~ 500x 500

b 500—2x22 3B, [3x205800
g 0 _200=2x22 o0 i BB — 4075
LR 22 % \/F \/ 371.8

ys

POERGRY A Y e e 2 g e 2 G

1 4
S A fA——195+01 1/500 /12—209

GE 234 g RpEd L a=0.1)

_ KL ys_1><4350 3718 _ ) pee
nx209 205800

A

C

7.Creff s

ElE =R Tl Y
P, :(0.21 S —057h7 —0.06h, +1)F, A, =14748 kN
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(2) PR G2 $1(59.7 MPa)duR 2+ 5 55 & (Po)
%% &) 2 = B=500mm >300mm OK
’h_f'v_ﬁ—"— F;% <1 z_+t 5 B/H=500/500=1.0>04 OK

P, =0.(0.856 A + A F, )=085x(0.85x59.7x 4567 )/1000 = 8,969 kN

(FIR 2 X D434 23 ahRl & 0 e BF B 5 0.85)

(3) MR FD 48 A1 L FUR K% R (OPn)
o.P. = P +0¢, P =0.85x14748+0.75x8969 = 19,263 kN

(& 304 258 R AT (h Bicdes= 0.85 5 81 %o Al 4w B iR R 2 12 R 50 R AT Tl
¢CI‘C:0'75)

(4) 1 FREFE@EPEHETE » DLALL)
TR EE
1.2DL +1.6LL < P, =19,263 kN
BRFREGENS BOEE
Bl DL=5xLL i & » b 3
PLEGE ERE L 12,675KN S F{E 5 2,535kN
KPP E=F P LHE £=12675+2535=15,210 kN

B2 g 4 5 15,190 kN

2. 3#48 CFBC-2
(1) #8304 B 5 5 & (Po)

0 500x500x22x22 & K L=4350 mm 4kt # A =420064 mm®
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P4 E R R Fy=371.8 MPa 1 % 4k 8|2 #i-#ic E~205800 MPa

5%

{45 ISZéX 500° x 500 —éx 456° x 456 =1605218325 mm*

I 1605218325
S = [——— =195 mm
A, 42064

|

A ¥To e gL

P

A
g et o 42000 g0 o 00 0K
BH  500x 500
- E
gan 2 50022x22 000y = 2 sz\/3X205800=40.75 OK
{ 22 F,. 3718

PR G AR T AT SR 2§ tie LT

1 4
I =T QX —£ =195+0.1x M=209 mm
A 500

g

(244 F RS 4 0=0.1)

. _ KL [E._1x4350 [3718

. =0.28< 1.5
ar,. \E. =209 V205800

Al AUR Y R R

P, =(02110 ~0.572.7 —0.06), +1JF, A, =14748 kN

(2) PR G2 42(66.0 MPa)FUR 3> ¥ 5 & (Poro)

1L %% & -] ¢~ B=500 mm >300mm OK

Fj‘.-
&)
i

£ 20t & B/H=500/500=1.0>04 OK
P, =4.(0.85f'" A, + A F,)=085x(0.85x66.0x456”)/1000 =9,915 kN

ryr

(FIR A X DAL 2 R L > o BF 1B~ 5 0.85)
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(3) piER I A4 L FUR K 35 R (OcPn)
0P =¢_P_+0_ P =085x14748+0.75x9915=19,972 kN

(4 BI04 25 R AT T Bches= 0.855 B 2o A4k g R 32 B2 R RS s R AT ik
¢crc:0.75)

(4) 1 EREFEF L LHEPE > DLLL)
FTREFEMPE L
1.2DL +1.6LL< ¢ P, =19,972 kN
BRBFFLHENSBIFELL
p] DL=5xLL & & » + 3¢
PR R E 5 13,140kN ~ EVE 5 2,628kN
R P E=# P £+ £=13140+2628=15,768 kN

B phe 4 L 15,680 kN

3. #%% CFBC-3

OB G A A FLPUR K35 R 3 B 4ol iRl CFBC-2 » @ % 4 42
w4 505621 FRE T8RN -
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