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Behavior of Axially Loaded Concrete-filled Steel Box

Columns in Fire
Cheng-Chih Chen, Wen-Chen Jau, Jheng-Yi Lin, Yi-Chen Wu
Abstract

Keywords: concrete, box column, concrete-filled box column, in fire

The concrete-filled box columns (CFBCs) are frequently used for medium- and
high-rise buildings in this country because of their advantages, such as high strength
and stiffness, using box column to replace formwork greatly simplifying the
construction process, and providing confinement for the concrete by the box column.
The steel material of the CFBCs possesses high strength and ductility, but with higher
thermal conductivity, and the strength will be significantly decrease at high
temperature. Concrete has good compression strength, and low thermal conductivity,
and has better fire resistance than the steel material. The CFBCs must subject to axial
compression, and the structural behavior is complex under elevated temperature.
Moreover, the study for large-scale specimens is still very lacking. The purpose of this
study is to investigate the behavior of the large-scale concrete-filled box columns

subjected to axial load under fire.

This study was conducted experimentally and numerically to explore the
behavior of axially loaded concrete-filled box columns in fire. In the experimental
program, three CFBC specimens, filled with self-compacting concrete, 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. Finite element analyses were performed for
both heat transfer and nonlinear static analyses, and subsequently used sequentially
coupled thermal stress analysis to combine the effects from temperature and loading.
The analysis models were used to simulate the test results and furthermore used to

proceed parameter study.

The specimens with two hour fire protection can reach two hours fire resistance

XII
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rating. 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. Finite element analysis reasonably
predicted the temperature distribution in time history on the specimen cross section,

and could be used to study the parameter effects of the fire protection.

According to the research results, this study can provide the following

suggestions for the fire resistance of the concrete-filled box columns.

For immediate strategy:

Concrete-filled box columns possess excellent structural behavior, and also the
fire resistance. However, research results based on full-scale specimens are very few
due to the limitation of the test equipment. This study conducted the test for three
specimens only. Nevertheless, the fire resistance of the concrete-filled box columns
needs further, systematic study, such as the fire protection thickness, load ratio,
combination of axial load and bending moment, to implement the design in practice
for taking into account the economic and safe fire protection design and the repairing

and assessment after fire.

For long-term strategy:

The concrete-filled box columns are frequently used for medium- and high-rise
buildings in domestic. However, the use of CFBCs is few in the foreign countries
except for Japan. Therefore, few research results of fire resistance for steel reinforced
concrete structures are available. Systematically investigating, experimentally and
analytically, the behavior of steel reinforced concrete structures under elevated

temperature is necessary.

The tested specimens were fabricated using full penetration weld and without

X1
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shear studs. Research is needed for specimens designed by using partial penetration

weld as well as with shear studs.
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FEEFRpREPN R B RAF RS AT J0BREY 2E 7 RE ZRH A
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A+BxT (0<T <300°C)

fc(T)/fc: 2
C+DxT+ExT (300 < T £900°C)

b2l

A=1.0013+1.1173, +6.8678%,,>

B = (~2.0396 +9.9025%,, — 491, %) x 10~
C=0.687+21.104L,, —93.6033%,,>

D = 0.00247 — 010581, +0.5275L,,>

E = (=5.5422 +136.583),, — 670.2041,%)x10™

f 4x A
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P BT R o 5N
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Chung % % (2008) = f87 2 A $7HF|EF A B A {72 LR AKA &
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R A SR M TS DR R R e e g
SR TR T2 #T R R R EHRHORER R - TR R

HE R kR S AN 2

Han % amauﬁ%%ﬂmmﬁé«&Ewmﬂﬂ‘@ﬂﬁﬁmﬁéiﬁ
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gap) ™ i MR 0 F1A 8o PR [ i B S A R
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Fe BEEri¥e 28F BB FRLFTEL fhe B R FrE08F
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AR AI3 m RS A FWE e oB 3-1 o o 4 P ER S 22mm
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£ % 5 500mm > B 5 4350 mm 45 A 4m L 0 B SN4A90B A2 4+ o H B 1Y
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e ulle s LR AR S o TR o 4oB] 32 H0F o AR TR E Z 20 mm )
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B EARRE 40T

1. 4w 48R B P46 3 4 o

5. # CFBC #4415 % 1% P EE o
6. LRI o
7. BB RE -

B e U FAGRME AR A BT B RIEE A
FRPIPEL 0 4oB] 3-3 T (BT BREFE N S &)  F XIS T RITHR
BloMFEE AL K B 2 S e 1R AEINUF A A5 - a4
A2 2% AR 4% 18 (742§ L # BI(Ultrasonic Testing, UT) > & B {5 4% 3¢ Sk i -
2 A JA A1 1 BlAcB] 3-4 o e

AR NS BERL G 0 X EEY AR MR ) AHEER
i’*@%ﬁﬁﬁﬂﬁﬁﬁiﬂ’%ﬁasﬁﬁ’mwﬁwﬁﬂ%%}pgg%
o bR R L REE R TR R Rl R
% e P % CFBC #8845 40 BRI BL = 8 T 18 P BE > 4o 8] 3-6 #77 o 2
o BEE 10 A 0 B R 20 A2 RS R SRR £ 28 1 pE
€ {7 U5 R GRS 0 T 0T CFBC M 4e 2 F R 3% PF I8 (7 PUR 58 R G851 17 &
"\t?ﬁdv@%ﬁ}iﬁﬂi«:}fio

WhUARW D o & CFBC @Mz s} 43 - HH =F & 092 kef/m’

£ A 0 Aol 37 8 3-8 40T 0 FENR S F S 2w p VR BRI A4
MERS R VAR ROE 1 0 do ) 3-9°3-10 A% 0 3 i 7 & e k=t iEsk = CNS 12514
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FRAL UGBTI R R

Rk o AL P I R B o B R A U 5 SNA90221 %
SN490-22-2 » H fis 4 B % ¢ S F 5 4oF] 3-11 £ 3-12 5757 o SN490-22-1 7] (¥ e
M35 A 3 3.735 tflem® ; SN490-22-2 i) {8 et k55 & 5 3.852 tflem® « F]pt o idw
T e KaE R 5 3794 thlom’ o 30 AFT L RAATR Y A B sk R 2 PR
MRS H R G S PR PUR 5k P18 28 X T 355 & A 5] % 460 kgfiem® 4 520
kgf/em? o

4 3-2 w3 A 420 kgflem? 3R 58 2 Fe v

)/‘_f, = 4 ‘E"_(kg/m?’)

kA | R Hfde | e ¥ A
N SR I 4, - ’
Kk ki g £ 42 | ¥ 4 4

77.8% | 0.364 175 225 235 40 7 770 883

fie vt (%) 18 7 8 2 1 29 34

%2t ap B % 420 kef/em?
KiHE ARG 25cem
BILR 5 63.5cm

PF R 15%

1
2
3.
4. ¥ E 5 FIE 5 19 mm
5.
(FA KR 2 2F7 7 B2

4 3-3 &3 A 700 kgflom? 58 58 2 Fe i

&aa o F(kg/m’)

kA | kg Hphe | gmd |
-k KR & $ A - ’

61.3% | 0.293 160 261 294 25 9.86 820 801

fie vv (%) 16 8 10 1 1 31 31

1. 3356 & 5 700 kgf/em®
2. ®XFE R S 25cem

3. LR 5 67 cm

4. e F 5 < kU2 F 19 mm
5. 7% 85 1.5%
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(FH i~ )
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Fo8 #HREBEHSG
EARREIBRZEE
#48 CFBC-1 2 2 # CFBC2 ¥/ #APT BRI VAL R > 7 P ang iz it &
A AR EIR RS 2 5% B 0 325 CFBC-1 R4 % B % 609 kgf/cmz’CFBC—Z
MR DL 3R 5 673 kegflom®e ffifhe 7)1 o ho @] 4-48 477 34 CFBC-2

B £ PERAABE uk X 204 CFBC-1 o &40 B > & > 34 CFBC-2 it

W18 30 A 4B fS T 3EE R 3 AT CFBC-1 > 4o @] 4-49 #757 » R FIAR 581 5%

BRAEZ A RT3 CFBC-1 £ BlenT3ap VAR E R 5 153 mm + 3t
#48 CFBC-2 #7 & plenT 35 VA B A A 5 143 mm “75K ; FHR 1 RIZE R
"7 TiFA 152 mm 34 CFBC-1 #3# 4 CFBC-2 £ i o » H 8 & § 2 T30
BRApZE 5] o 4oB 4-50 27T 0B AR 2 ) PRIS R R B IR 4 420
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Fry FhREFEH

SRR L ETG S 2 ) PRIS 2 8 B (°C)

£ T 8RBT CFBC-1 CFBC-2 CFBC-3
(2 ] %) (2 -] ) (43 min)

AS1 - 236.3 469.3
AS2 205.2 229.5 439.1
AC1 68.4 95.9 149.5
AC2 49.7 48.5 39.9
AC3 40.0 40.6 45.8
AC4 53.7 45.4 39.2
AC5 88.6 80.2 68.7
BSI 244.3 275.9 274.7
BS2 280.8 358.8 482.0
BC1 90.3 76.1 229.5
BC2 48.6 47.8 199.3
BC3 - 40.2 -

BC4 53.7 41.6 219.4
BC5 82.2 80.8 265.3
CSl1 214.4 327.0 312.5
CS2 274.4 303.8 254.2
CCl1 - 70.2 263.1
CcC2 53.4 47.8 484.1
CC3 39.9 - 422
CC4 58.2 46.9 32.0
CC5 - 209.3 -

DS1 286.0 311.8 460.5
DS2 286.7 286.0 3239
DCI1 93.4 96.1 470.2
DC2 51.9 50.2 277.1
DC3 41.7 432 249.4
DC4 - 45.5 3245
DC5 84.6 71.0 4213

X M A B AT BRIEET SR 2] Y IER

(FAL KR 0 ~AT T
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FoB BT RLBE

BNV RS BE e 2 7 o R RAVRT G0 7 U & LR
B AN R R OVAL R R CFBC3 Flgh 4 @ ip > 22 B 500
Bk By Al CFBC2 5 s - PER T 2 8 &5 A > 4o 451 2 §] 4-52

AT o

A~ BERHDIEFEM CFBC-1ihe SR 2 1

WREREDEE A T @I e P e 3 0M (o f] 4-53 4T 0
FIR AP b4 T > 248 CFBC-2 2 348 CFBC-3 ¢ 1 $iu* thihe TR > H B
GELTIRB R R G R R e BB S R 15 0 SY R CFBC-1 & A RL
B FRMArRERE e NEHEFET SEHe DRSO o P
FNAE R AT 1550 B 0 R A AN D 1900 B o d B 4-54 i 0 T ERF
BRSieHEMihe DR A B EEK o d VRPN REI N T S
BRTF HBAIG o d Wu $ A Q002)FH%? 7B RRES LHRT 2G5
AFDFL BV TRRRI A PFERATR I RZ EPRY 2 H/F 0 T
ST LA TR AT U F PR R R F] e Rt 2 v A R e

AL S R AN B 5 AU -
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#A CFBC-1 #3#8M CFBC2 2 %4 L £ 9 G 1 i & B P £ r 3
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#M CFBC-3 7 16 248> RFIZH#FMCFBC2 3 P VARG o SFEAR
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APES R &LV RE CFBCRME 5 ¢ 0 £41% ABAQUS § "1
AEAPHEMESR VT RECFBCHMA B F L oRABEL AP LESEF R
BE M UAFEG s R E 2V BESEAT R 20T e o

BrIRAFLAEMEo TR FREGTERAI AP LIET - 54 F
2 % (Mechanical property) : ¥ &2 X R B ET > ML 2E R R~ EPH
B~ U4 R R B FURR R TR S8 ¥ - L A (Thermal property) : 4
AL 2 R R T 20t #u(Specific heat) ~ £ & %44 (Thermal conductivity)#? 4% %
{4 (Thermal expansion) ¥ %-#c o B} Rf= & P R Um0 5 2 Ml < B 58
2B A  FI A ATFT T 2 HORE R R *.4= Eurocode 4 (composite

structures)4p B A Z L2 ¥ g FAL o 2T A F W Eurocode § M 4 H iR 54 X &

F- & MR

P REARRBFLFRY

135 Mg Eurocode 4 2 2> M X # 2482 1 SOK 4eifid F 2 i &
PE A REMATA S BRLS > 4ok 51 B 5197 « ¥- % 5 %
PRERRRRBFL VR R (e,) 5 B AR AT LEAL L
BIFLR R E R (e, )2 B P2 R AR AL ERE ST L RLY
BARUE R (e, )2 B R R ERANLERPET 2BV RERY
TR (e, )2 o

W a R R ) 400°C ) F R B K Z REF O MY RRRAH 2R
W om A RB AL 002 7 0.04 2B hoB] 52 417 5 HRE 52
ke 2 (51T (5-T) % o BP0, A HERCC) £, 2 ¥ BT 2 mH &

R FXBERERE fg.KT7 4}, "% Kep B u, LEERE ,g'STiﬁﬁ-Hﬁ;;m\gg

aye

VR g s X BARET L MHER o, X RARET L AHES -
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1. %4 5B
£0<300°C ; £, =125, (5-1)
¥ 300<0, <400°C ; £, =1, (2-0.00250,) (5-2)
¥ 0>400°C ; foo ="y (5-3)
2. Ji+
¥ 2%<g,, <4% ; Gpo =| (Fuo ~Tiyo )/0:02 [&15 ~ o
2, (5-4)
¥ 4%<e,, <15% Gyp = Fug (5-5)
¥ 15%<e,, <20% ; G,p= [1—((83’9 ~0.15) /0-05)}1““,9 (5-6)
B €,0220% 5 G,o=0 (5-7)
251 BETHHRES REMR D
T % & 7] & # 7 R
I e<g,, E, 0€.0 E.o

I g,,<e<g,,

b (gay,e - 83,9 )

P 2
aja —(Say,e—Sa’e)

M e ,<e<g,, fyo 0
NV e=¢,, 0 -
e . 2 _
L a = (Say,ﬁ - Sap,e)(gay,e - Sap,G + C/Ea,e)
2 2
b"=E,, (eay,e —€,0 ) c+c
2
(fay,e - fap,e )

C=

E.o (Say,e €40 ) -2 (fay,e - fap,e )

(FAL K ~A7 g L)
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A Stress G a.0
fay,() : O
¢ Ellipse N\
ap.6 —~ L A
Fap=n0o \
o .\ Staing, o
A | | . N !
} T €aup €ae

€app Cay0 =002

WS-l RET&4HE? BEM G
(F# kR : Eurocode 4)

A Ca, g
6 =300°C
1265-F— - -~— 4+ —7==— 4 —{
12
f;’ I I -1V O I I — '-,il
M LS / 400°C \ \
"% 200°C
300°C
400°C .
'D;B /[ 500°C
0,6 /
600°C
04
‘4||‘.'+||| g i
To0°C
0.2
800°C
r'/'-
g 900°C
0 7 4 6 & 10 12
Cay. 6

W52 ERRTHH Y RAERA 2L &4 LY T
(38 % & : Eurocode 4)

dom s M R et PR R R R A AT o % 45 Eurocode
42 R ERAHPTHM LRI KBRS RUE Y R R T
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FRAL AT TR L T2

AFMz B AT Tl B AT Thlicdo & 52 ] 53 4T o T O A 4R
Bt 500°C 2 600°C 2 B 37 C2 "% 5 4+ 8 & > 800°C 8 » 37 frdfer] 3¢

0.1 * HEs¥'s o

452 LERBFL M FRFITH Bk

& iR A E.o fipo fyo o
Ky, =—2 k ,=-2 = ko=
ea [oC] E.0 E, ) fay v.0 fay 0 .
20 1.00 1.00 1.00 1.25
100 1.00 1.00 1.00 1.25
200 0.90 0.807 1.00 1.25
300 0.80 0.613 1.00 1.25
400 0.70 0.420 1.00
500 0.60 0.360 0.78
600 0.31 0.180 0.47
700 0.13 0.075 0.23
800 0.09 0.050 0.11
900 0.0675 0.0375 0.06
1000 0.0450 0.0250 0.04
1100 0.0225 0.0125 0.02
1200 0.00 0.00 0.00

P kg AREET B, 20 SUBCHCIT R S
Ko AR EE L, 20 BRI T
Ko 5 1R $ L 2 $8PU3R 4 3758 (e -

(FH KR 27 FE)
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$IF FUARAFEEL S

1.5

125 9p+—V —~V

Reduction factor

0 200 400 600 800 1000 1200
Temperature(°C)

W53 £EABFLMH S SR Ak
(FH KR A5 )

T E

# @ £ (Thermal elongation) s #4218 & & + 2 1 Rl ¥ £ o kg
Eurocode 4 . 2_> f§ % LB R F G 14><1076(6a —20) s APFER BRI 0 i3

FARHEFT S 258D (51035 -

% 20<0, <750°C ; AlJ0=-2416x10"+1.2x1070,
+0.4x107°92 (5-8)
% 750<0, <860°C ; AlJL=11x10"" (5-9)
% 860<0, <1200°C ; AlJ0=-62x107"+2x1070, (5-10)
FoHBE

#. @ ¥ (Thermal conductivity) = 4+ i & $# 4 2 24 o 4 Eurocode 4 R 2 >
A EmHABEL 45 WK AR RS BRBHL g2 2 F > 74
2RG-1D)E(5-12)3+ 5 5 @A 4 20°C 3 1200°C 2 4 H# @ E(X,) > 7 4o F 5-4
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FRED AT T R R

AT o
% 20<0, <800°C ; A, =54-3.33x1070, (5-11)
¥ 800<0, <1200°C ; A, =273 (5-12)
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0 200 400 600 800 1000 1200
Temperature (°C)

W54 SERBELL 4P THE
(FH hiR 2 AT HIT)

B ol

vt #(Specific heat) 3 ¥ =47 H = g 1°C #7F 2 #4i0 o Eurocode 4 R T 4% 1 T
Bl 5 600 TkeK ; Az W BMEEA SN > T o 2 NG-13)1 (5-16)7F ;B
A d 20°C I 1200°C 2 4+ +* #(c,) > 7 4o 5-5 11 °

% 20<0, <600°C ; c, =425+7.73x107'0, =1.69x107°0]
+2.22x107°0° (5-13)
¥ 600<0, <735°C ; c, =666— 13002 (5-14)
0, —738
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. 1782
¥ 735<6, <900°C ; c, =545+ 17820 (5-15)
0, —731
% 900<0, <1200°C ; c, =650 (5-16)
5000 | | | | | |
00
d00—
e
3 b e e e e e e
5 80004
e et R
< b I e E e e E R R e B
£ 2000
8 by [ e R e A I N [ K A
%ww_\
1000 1 1 1 1 1
I e IR
500 f————
T

0 200 400 600 800 1000 1200
Temperature (°C)

W 5-5 B R¥PFEL it &
(FH KR 0 AP AID)

Z~%E

% & (Density) % ¥ 4848 2 £ - % Eurocode 4 % - 4 H % & 5 7850

kg/m®

EORBREE TR BEM R

199 Eurocode 4 % > R4 XA 0482 3 SOK e R F2 BRPE - &
,‘Fﬁi‘

Frgoerh RS 3 F R

&

.»% FAv o BRE o

(hS J
Fo B ARSI NENLERRPL AR RR(e,,) B LEAD L

()P Bdr 2 NG-1T)5r7 » HP £ AREAIFBRRE L 52 % 5 BRANL

C
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BAEF S PR RS B B (6,,)2 B0 4Bl 5-6 917 o £ 5-3 58 20°C

2 1200°C 2 R BB e A RS ERE  FRBS AL LB 56 9B 2R
BREFRERE - B 56 % - 2 4 BEY B4 SIARBERE RS RS
RE 0 LR N AR RE > 4o B 5-7 AT e

3
€ €
Goo =13 == 24| =2
gcu,e 8cu,G

A Gc‘{}

€ceb £co
W56BFTRAIR? BREM G
(742 k& : Eurocode 4)
253 XPRBEFLRRI BRERE
R IER 6,[°C] €euo X 10° Eeep X10°
20 2.5 20.0
100 4. 22.5
200 5.5 25.0
300 7 27.5
400 10 30.0
500 15 32.5
600 25 35.0
700 25 37.5
800 25 40.0
900 25 42.5
1000 25 45.0
1100 25 47.5
1200 — —

(FH KR 27 )
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LEE I LS PRI S

—
———a

(F# kR : Eurocode 4)

ﬁ\;

’

RRERBELFARRAE
199 Burocode 4 L2 ¥ £ 2 2 L R A BfUR B 2 ¥ BB A
(f)2- " 18 5 37 Trdle > B 37 fidie(k o ) 2 R 4oi 5-4 2B 5-8 #1777 o

254 R PR RAIFRGBRITREH R S

REa R B ec [oc] kc,e = c,e/fc €eno x10°
20 1.00 2.5
100 1.00 4
200 0.95 5.5
300 0.85 7
400 0.75 10
500 0.60 15
600 0.45 25
700 0.30 25
800 0.15 25
900 0.08 25
1000 0.04 25
1100 0.01 25
1200 0 -

(FH & hF g REI)
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T &’TS E 2L -
FEFERAL B
- ,.‘Tl’{,:‘%» Y
I a 18)(10—6(
0,-2
.—20) 5 %

BREY
B LERN AT
e W K
o —3 —\'-'1 d s\ '\‘(
d 254 (5-18)¢
= (5-19)"J. s
S

¥ 20<0
= CS7OOOC .
A€/€:_1.8x10—4+9
x107°0
¥ 700 F23x107 |
<0, <12 o
. <1200°C ; )
A€/€:14X1073 (5_18)
(5-19)

2 ROy

1245
% Eurocod
N 64%’4’
e R
g e 2B RS
s & - ;(\(5-2())953 ﬂx#éia;}i‘l
1.6 W/mK 2521 FRARO
. 74§ 5-9 BT S
&5 5 deid . \i’é;
A
—rrﬂgaélb’
TR l@%

¥ 20<
<0,<12
c = OOOC-
A =
. =2-024
2451(8,/1
./100)
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107(6, /100)
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¥ 20<0, <1200°C ; A, =1.36-0.136(9,/100)
+0.0057(8, /100)° (5-21)
2 | | | I i I | I |
N0 | | | | +—+—* Upper limites
| | &-4a--A | ower limites
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Temperature (°C)

m 5 9 Am_)i? }gs-»l“'lft'l %ﬁ‘ '§$'
(TR kiR 277 FR)

=N

0 £R 52 2 v #(c, )ik BB Eurocode 4 2. T _o U A E B R
B 1000 Jkg K5 8812 258(5-22) 1 (5-25)3 8 7 IR R R T 20 Sl
B2 3N(526) BUR A R 20 BT 0B 4o ] 5-10 A1 o AR A R R & 43 100
2200°C2 iRt RREREV A REA2 X% E -

(1) Bries i
% 20<6, <100°C ; ¢, =900 (5-22)
¥ 100<0, <200°C ; ¢, =900+(0, —100) (5-23)
¥ 200<0, <400°C ; c, =1000+(0, —200)/2 (5-24)
% 400<6, <1200°C ; c, =1100 (5-25)
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(2) itk

c. =890+56.2(6,/100)—3.4(6, /100)’ (5-26)

*
g @!Qé

I

I

I

I

|

I

I

I

I

I

F—q--

I

I

I

I

Specific heat (J/kg K)

|
|
|
|
|
|
|
|
|
F—q--
|
|
|
|
|

+—+— Simple calculation
& - a--A Dependent conditions
G—e—o Approximate calculation

|

|

|

|

|

|

|

|

[ N — - = R — - — — - —
04— ————————
0 200 400 600 800 1000 1200
Temperture (°C)

B 5-10 X ERBEL RS V&

(FR &R 1 A ] )

Z~%R

3 REL R (p,)% PR Burocode 4 2 T o ¥ £RFELI WHFETET 2R
TRERFE EFERIREL 2 B A (poye) s 2300kgm’ s FH £ AL B
BREA S BTSN E o 4o 8 (527) 5 -

p., = 2354—23.47(0,/100) (5-27)

¥= & ABAQUS fith & 473 2

1R E N ¢ CFBC 3% {1 £ foR 2775 @40 5% ABAQUS 4 47 4
W CFBC 2 R B2 T4 B 447 ~ B4 A1 c8 & 4 47 o
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LR R R L A

AFE G AT E AT

1. ERPEHRG PTG 6302 AR
2. RERFPLHGERRI BPLTR LT RPE R UL S % o
30 BB I gk RN BRI TR
4. BSOS A HRFWTE LR
5. MEAT I RERBLVICHHERS AT RE -
Yra CFBC#HHEXBETZ iR

A& REP 1 ABAQUS Bk K€ CFBC ML 38 T2 (75 » ¢ 24

AR EME R R M BT R SR o A O AT~ 2 %

B * SIH = k3o

30 AR A ER

#

AR AR A TR 0 A K R AT

S8R o
U

vl WirS 428 A2 AT RS 2

énhn

AKE CFBC #M*» B EHRET > VA REHA4HH 5 = 24 % (CFBC-1
#1 CFBC-2 #4) -

BR AR RN BRI A
A VAR R B

C“X/E/f{’['frwk’?ﬁt HFRIRF R ERERZ g—?s"

- CFBC # M #ohe s i B i 2

B CFBC #H L pho 4 B3 B RFET AR xR a7 A i fad

AR P E R SRR R o S e AT AT L 1A B5 HALA $5
4o B 5-11 #7151
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3/ 3 ’fﬂ’quﬁk*q R TT%?' 4 f”a-ik—jz

S ® =dnir2 BT BIPIEL
S6 O =Rz AL 2Z#T BRI
S5/(S2 C5 C4 S5 S2 C5 C4
—-.1—!.—-@—--@--—@ C3 :> [ = C3
d c2 C2
|
(iD C1 C1
?' S1 S1
® S/ 'I S3 ® S41=56 S3
CFBC #R % w 1/4 CFBC #4 % &

® 5-11 CFBC ## %7 7 % B

(AL ke m o AA7 f KT

fi#s CFBC 38482 % 28 3m
1 A AGE R

PR R AR Y L AR KRG B AL K A

T TR L K

-34.%
[

2. FEgRES

WMz e A R EFHRLEL S Ry NIIPEHE R E TR A

1\
‘_,FLJ'E; ra,grﬂl»o

’HT}J—R/ P 3 ’géi A 0 ij”‘;é‘%gzﬁ"kr'/m)ié: 5’?55?$ x F TR *E‘T%
2 L3R 37%])‘41‘5—‘]2\\1({1? Epp b REie A VAR
AL VR BFME G R A) L X BRI w SRR
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242 5 %

5 B S
TR Y 2
S ERTRERET -

Lan RE Ao VAR RM o H 2 BHER f 3

Lo g S

SN49OB 412 4 B B3 » 5 % k3 F (2006)2 B3 H(2006)4* 4 £ 8 & T
SN490B 4 +1 & # -l % M 2 2% icdy £ R A L &P ¥ 25 iy 4
I A %% Eurocode 4 49 B2 K - $>S BN SN 490B 4+ = Eurocode 4
R R SRR PLL A FRTITR Gl ok 55957 o

# 5-5 1t & SN 490B ¢ Eurocode 4 2 4% £ B R F4 TR

B R ki o= Fe kyo= s K, —faﬂ
o) E, £, £,
SN 490B EC4 SN 490B EC4 SN 490B EC4
20 1.00 1.00 1.00 1.00 1.52 1.25
100 0.83 1.00 0.92 1.00 1.37 1.25
200 0.80 0.90 0.84 1.00 1.46 1.25
300 0.71 0.80 0.72 1.00 1.48 1.25
400 0.72 0.70 0.67 1.00 1.32 1.00
500 0.54 0.60 0.58 0.78 0.92 0.78
600 0.33 0.31 0.39 0.47 0.48 0.47
700 0.26 0.13 0.17 0.23 0.20 0.23
800 0.12 0.09 0.09 0.11 0.15 0.11
900 — 0.0675 - 0.06 — 0.06
1000 - 0.0450 - 0.04 - 0.04
1100 — 0.0225 0.02 — 0.02
0 kg = AP B, 27 SUECHCT R '4‘&
koo = APET L, 20 %8 Roag R 3T Thdic
koo = ABF 2 4R IUV5E 4 TR Thde o
SN 490B % i $ }#‘(2006) 2 55 48(2006)2. % e B -
EC4 % Eurocode 4 34 X BB 582 4 B %‘r«‘ﬁr/ﬁ\ e o

(FHRm 27 g EIZ)

2. REI Sk
AT EHPAERRI R LERRS CHp LE RS 2 4B o R R
%< Eurocode 4 #p B 2L %_> 1345 Eurocode 4 % > K3+ frit 5 & S AL

87



FRAL AT TR L T2

ARG R - BRI A C2025 1 C60/75 F g FREL AN
LC20/22 & LC60/66 % 5 - 2f7 % & % 2 ;R & 4 & Eurocode 4 4L %_C60/75 %
B TPt o472 RS 4 B4R Eurocode 4 R o AP REIRE T 2 A
B o AF 7 # Eurocode 4 2R Z_°
3. U R S

BPABBEHAIE Y R MFELYI R BEI AT FLmT H 2
RELFBERLA SRR AIGITR - AT R 2 VAR LR 4 040 ft
AT LEEREORE (40%) ~ IE 7 (50%) ~ B LR G FHI(10%) ;7 42(2008)F7 § A
PP ARBZAGERE G AFTERE - BAFTRY 2 VRS2 E R
RTH > BEF PR R S A B S DRI (42%) IR F (44%) ~ @l 2 A
“(14%) 5 FI YRR H2Z B BE L 23 R H Q00887 1 K o

B rF g

Bt CFBC 342 A 47 h B4 5 #8247 2L 4 A fria i e &
FoORA BEHFA R AATH IR T A AT A F o HT R B AT B A4
e LERES &% DC3ID8 A% 5 Mgt e me A4 S5
Sdifep RERGEI R C3DSIAE - C3DS AE Lz aF A BERL AF
m DC3D8 ~2% 4R A5 * 2 A% ; C3DSl ~ % L 2bpaa b~ 3 » 7 4 4
Brti r» PHERE > EFREARE T2 8047 0 5 T2 F 340 H 5-12

7o

88



IF FRAEAHE R

(a)4% 42 4 4% 17 (b) MRz B (C) 14 ¥Fd $HALA 4713

W 5-12 CFBC #4812 § T~ % & 47 H3
(FR &R A7 FR)

$I& FRAZARERENG

1 ABAQUS § "R~ % A 47 it st < ;kéfrrg T2 4 & Vit & CFBC
FH o Ep ol CFBC 3482 & 470 RSk £ P2 T iav;;ﬁ'_ﬁi%] IR AR
2 NG BT R R R E T foR RS LRIBER  %RE
M BT 2mld { 7iE- HREFEE ER A GH3 - {3y Lt ho
W HER B REH L G 2 T o &7 Vit | CFBC M2 A 45 5 12
REHETRZ TRt R ’@‘J”i LEREHEGEEFRBLT o H B 4p
B Hc#E CFBC 2 3P > e h F 5 2 & 9757 o

% - #4 CFBC-1

WHCFBC-1 2P VAR R2 P AP VARER S 153 mm - 7%
R SER S 609 kgflem® » b s 1550 M R% Y X 2R 5 30°C e &
5-6 {0 5-13 BE T R AE L AT BORIBLZ R BYE ATE o BB 30 A4 RE

P RRBEA I ERREREER)E R A ST R G ER
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ZRAT RABBEALT T XA FELFY

K5 110°C = 83014k 4 "8 Rl R 2% (9 136°C) 5 83k 2 S4 PlgLE R A1 E
Bot MO0 A REI P CERDL TR AR EZGERD T 187°C
P ATAGE B S 218°C; dEkz S4 ¥ S5 RIELIE R A WAL T EF 199°C e
52°Cc4v 4 90 ~ 45> A 47 2- R g3 ¢ i B 5 36°Co 4 bl & m i R I 256°C
P A BEGE R S 204°C 5 iS22 4k oF ] & & P BE(S3 fr S5)qr & "B AR/ BL(S4)E A
A Sl i 47 BB 353°C ~ 395°C v 769°C o 4r#h 120 ~ 48 0 »472o et ¢ g
BG 46°C o mapehipld B AR XL 322°C * &8 Ul B i 365°C 5 25k 2 4 o
Bl % & RIEBL(S3 v S5)fr & "8 HUR| ZE(S4)E A 4 Bl A 17 EF  669°C ~ 429°C Fr
698°C -

WS EF IR R R 60 A VAR R HMBE AN BT A
RAERE A ER B R R A ERIERRASITES K2
b8 R T B PIBE I A A 600 A ARSI 0 A AT IR RAER o d P HEE
S EEEN SR 0 RRI BERZAFEFERRSFET ) BN g

BA A, o8] 5-14~5-17 #55% o

# 56 FHCPFBC-l@#HERL T EZERVR

30 min 60 min 90 min 120 min

(°C) | TEST | FEM | TEST | FEM | TEST | FEM | TEST | FEM
Cl 32 37 45 58 65 86 84 117
C2 31 30 33 34 40 43 51 58
C3 31 30 31 31 33 36 39 46
C4 33 30 37 34 46 43 55 58
C5 33 37 44 58 58 86 85 117
S1 86 108 145 184 202 253 248 318
S2 88 108 105 184 216 253 262 318
S3 109 110 132 187 609 256 * 322
S4 351 132 417 218 * 294 * 365
S5 110 110 239 187 651 256 751 322

L. ﬁ%m&&&éﬁﬁﬁ?é%&ﬂ#&iﬂ%iiéﬁo

2. S4ZEERERE ZHEMMEEH S44-S6 2 TaE -

3. *R 7 ﬂpi‘%/ﬂ.&méial&ﬁr(]{?-’ m P—/?'JiJJ}ém.°

(FA &k : ~48F FFD)
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3]
3N}
s

AR AR R

1100
] Heating 60 min Location of the thermocouples
— - — TEST | Furnace
1000 — — FEM [ J Inside steel plate
i O 76 mm depth inside concrete
Heating 120 min + 152 mm depth inside concrete
%) 900 — - - TEST X 228 mm depth inside concrete
= i e FEM
e
2 804
[ -
8
g 300
|_ -
200 —
100
0 I ) I ) I ) I ) I ) I )

0 50 100 150 200 250 300

Distance form column face (mm)
B 5-13 3248 CFBC-1 sk eyt A {7 B2 i RV R
(FA &l 2 2 F= )

NT11
+8.117e+02
+7.421e+02
+6.725e+02
+6.028e+02
+5.332e+02
+4.5636e+02
+3.93%e+02
+3.243e+02
+2.547e+0z2
+1.850e+02
+1.154e+02
+4.577e+01
-2.386e+01

46°C

115°C

Q0E: columnenest.odol

T

Ins e & SoenTime - 1300,
Beirn sy e WTLL
N Datormediac noccer Datormacin Scal Facoos noscac

W 5-14 A 473348 CFBC-1 4vif 30 A 482 %7
(FH &R 0 2877 BT

=T
Rd
s
¥
1N
?‘:W'
AC)
NN
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MT11
+3.027e+02
+8.274e+02
+7.522e+02
+6.770e+0z2
+6.017e+02
+5.265e+02
+4.512e+02
+3.760e+02
+3.007e+0z2
+2.255e+02
+1.503e+02
+7.503e+01
-2.147e-01

75°C

150°C

DD colum n-nasc.odol

ca; e
Incesment 12 ScenTime - 3530
Beiary Vae: WTLL
H  Dafoomad Ve mcger DaformacknScak Facoos noose

W 5-15 4 473% 48 CFBC-1 4ci8 60 4 482 %7d ;5 B A 5 2

(FA &R 0 2P KFIR)

MT11
+3.631e+02
+8.853e+02
+8.076e+02
+7.298e+0z2
+6.521e+02
+5.743e+02
+4.965e+02
+4.188e+02
+3.410e+0z2
+2.633e+02
+1.855e+02
+1.078e+02
+3.002e+01

108°C

186°C

263°C

DD colum n-nasc.odol

ca; e
Incesment 13 ScenTime - 5900,
Beiary Vae: WTLL
H  Dafoomad Ve mcger DaformacknScak Facoos noose

W 5-16 £ #7348 CFBC-14cif 90 £ 452 %o B B A F 53

(FA &R 0 2P KFI)

92



=y

s

AR A B G

MT11
+1.004e+032
+9.220e4+02
+8.417e+02
+7.605e+0z2
+6.794e+02
+5.982e+02
+5.171e+02
+4.359e+02
+3.947e+0z2
+2.736e+0z2
+1.924e+02
+1.113e+02
+3.010e+01

111°C
192°C

274°C

B 5-17 A 5348 CFBC-1 4§ 120 A 482 %7 B B A i §2
(FHR KR 27 FER)

3 -~ 38 CFBC-2

FHMCFBC2 A YA BRXBE3IF  Ep VAARER Z 143 mm > R
25 A 5 673 kgflem® A M b 4o L 1600 o > iESE X I 5 30°C- £ 19
ek BRI R 2 B R Aok 57 foB 5-18 #ror o At A 30 A4S 0 A
FERKERESFZRFI P CEREZTEAR > A2 RIARER
114°C ® 45404k & "8 Euf B #2B (136°C); 25k 2 4 oh ) 4 & fodh & '8 208 B A
FEL ZHmE o400 MsE > A7 0 d ¢ SRR L 36°C ot i m iR

3 269°C ® & "B AGE B 5 309°C; :#Bk 2 4k Rl & & fo & B AR BRI A B R
PlRE  FI B AT EE R X A 180 A dho A2 R ¢ R L 82°C
@A h iRl R G R R K 5 452°C F A "B egR R i 507°C; sk 2R P LR R
A7 E M 8°C o @ 4k vH ] E G fo b B Pl ZHIE R e R BT o

d /»\%‘rfr?é%ﬁé:—% Vg 1R A FRBR 2K Y R 5 e & 8 RGP B R RS 1T B
BOFVRAFEB VAR M S A ErE A ER I R E e ok gt T
18P BE XA S A 90 A AB TS AR IR o F AL A 4TI RN AR R o A )
2R foR RS 2 AU RHREREAEARYT  BAHEG EeERA T HFI 0 ol
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PGS PABBL L TR E S L

5-19~5-24 #771 o

e

1

% 5-7T #FMWM CPFBC2 % B2 A7 E2Z FR VKR

30 min 60 min 90 min 120 min 150 min 180 min

(°C)| TEST |[FEM| TEST |FEM| TEST |FEM| TEST |[FEM| TEST [FEM| TEST |FEM
C1 32 37| 43 59 64 88| 85 | 120 105 | 154| 134 | 187
C2 30 31| 32 34 38 44| 49 59| 64 80| 82 | 103
C3 30 30| 30 31 34 36| 41 47| 53 62| 74 82
C4 30 31| 31 34 38 44| 45 59| 58 80| 80 | 103
C5 30 37| 42 59 65 88| 110 | 120 110 | 154| 152 | 187
S1 85 | 111| 162 | 190| 237 | 266| 288 | 335| 328 | 396| 377 | 452
S2 96 | 111] 173 | 190| 247 | 266| 295 | 335| 301 | 396| 376 | 452
S3 | 133 | 114| 219 | 194| =k 269 339| =k 401 = 456
S4 | 247 | 136| 339 | 226| =k 309| =k 384| =k 449 x 507
S5 | 134 | 114| 164 | 194 =k 269| 339| = 401 =k 456
e

1. RERPIBEE R ZFHGED Lo fple B B2 TI9E o

2. S4ZFKRERFFEWMELEH S44-S6 2 TE -

3. *RATiEREARAGETBAEG A ERIIIREL -

(FHR KR : 2] KR

Temperature (°C)

\\}

Heating 60 min
- — TEST
FEM

Heating 120 min
— - - TEST
FEM

Heating 180 min
— - - - TEST
FEM

X+oen

(FH & 0 AT AT

94

50

100 150 200 250 300

Distance from column face (mm)

B 5-18 3248 CFBC-2 i35 B2 A 45 2 E B W dR

Location of the thermocouples

Furnace
Inside steel plate

76 mm depth inside concrete
152 mm depth inside concrete
228 mm depth inside concrete




P

A R LR E St

MT11
+8.028e+02
+7.328e+02
+6.629e+02
+3.929e+02
+5.230e+02
+4.530e+02
+3.831e+02
+3.131e+02
+2.432e+0z2
+1.733e+02
+1.033e+02
+3.336e+01
-3.65%e+01

33°C
103°C

DB colum n-nas.

Incosment & SoenTime - 1300
Beiary Vae: WTIL
H  Dafoomad Ve mcger DaformacknScak Facoos noose

B 5-19 A 45348 CFBC-2 48 30 £ 482 %G § A A 1§75
(FH KR 257 FER)

NT11
+3.014e+0z2
+8.253e+0z2
+7.491e+02
+6.728e2+02
+5.968e+02
+3.206e+0z2
+4.444e+02
+3.683e+02
+2.921e+02
+2.159e+02
+1.398e+02
+6,358e+01
-1.258e+01

64°C

140°C

216°C

DD Colm 1-nea.

Snen; nesc
Incesment 1Z: ScenTime . 3500
Beiany Wae WYL
% Deforrned Vac nocser DeformacknScake Racoor: noosec

B 5-20 A 45348 CFBC-2 4rif 60 A 482 %76 ;LB A & 35
(FH KR A5 FER)
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MT11
+3.820e+02
+9.018e+02
+8.216e+02
+7.414e+0z2
+6.612e+02
+5.809e2+02
+5.007e+02
+4.205e+02
+3.403e+0z2
+2.601e+0z2
+1.799e2+02
+9.965e+01
+1.943e+01

100°C
180°C

260°C

DB colum n-nas.

ca; e
Incesment 13 ScenTime - 5900,
Beiary Vae: WTLL
H  Dafoomad Ve mcger DaformacknScak Facoos noose

W] 5-21 A 453488 CFBC-2 4uif 90 A 482 %76 A A 7§35
(FR KR D A7 FIL)

MT11
+1.011e+032
+9.292e4+02
+8.475e+02
+7.658e+0z2
+6.840e+02
+6.023e+02
+5.205e+02
+4.388e+02
+3.571e+0z2
+2.753e+0z2
+1.936e+02
+1.118e+02
+3.010e+01

111°C

194°C

275°C

357°C

DB colum n-nas.

ca; e
Incesment 30 ScenTime - 7200
Beiary Vae: WTLL
H  Dafoomad Ve mcger DaformacknScak Facoos noose

Wl 5-22 A~ #7348 CFBC-2 4vif 120 4 452 %o B & 4 % 3
(F#t b 2 g2
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MT11
+1.045e+032
+9.602e+02
+8.762e+02
+7.916e+0z2
+7.070e+0z2
+6.2242+02
+5.379e+02
+4.533e+02
+3.687e+0z2
+2.841e+02
+1.995e+02
+1.149e+02
+3.035e+01

115°C
200°C

284°C

369°C

DB colum n-nas.

W] 5-23 4~ +73# 48 CFBC-2 4 g 150 4 482 %ra JE R 4 % 35
(F# 5 A7 f )

MT11
+1.071e+032
+9.840e+02
+8.974e+02
+8.107e+0z2
+7.241e+02
+6.3742+02
+5.508e+02
+4.641e+02
+3.770e+0z2
+2.908e+0z2
+2.042e+02
+1.176e+02
+3.091e+01

118°C
204°C

291°C

378°C

464°C

DB colum n-nas.

T

Incearn 2 SocenTine - 1LOSIE-02
Beiary Vae: WTLL
H  Dafoomad Ve mcger DaformacknScak Facoos noose

Bl 5-24 A 53248 CFBC-2 4§ 180 A 452 75 ;B B A 1§35
(FR KR D A7 FIE)

% - 348 CFBC-3
HECFBC3 AP VAR 38 43 24 HRES %A 95 673 kgflem? »
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R BT T FE2LAY

A 4oL 900 R 0 3RS Y X FIR 5 30°C o d & 5-8 ] 5-25 17 AR ARt 4
B 1020302 43 A48T > ERMAT BPIEZ B E LA ITE c HNEM AR
10 4 480 T39%9 8 5 666°C > ~ 172 RE4 ¢ W ERB T RPF > @4t d G
ok & "B AuR B A B 5 567°C v 606°C ; 5k 2 4% *H ] % & (S3 fv S5)frén & 8
A SA)E B A Bl A 47 E K 148°C ~ 126°C 4r 188°C « e 44 20 A 4 » T 08 &
T91°C> A4z R P R REZTENE > a bk o fodh Bl R A Y G
715°C fr 742°C ; &5 2 4 *t B & 5 (S3 fo S5)rds & '8 AUS4)E B A Bk 47 &
% 133°C ~ 125°C 4o 176°C © Hifise % 30 A 48 > T30%5 8 5 850°C » A 452 R %
2P ER G 3ICo A sk A w ok £ "Bl R A B 5 787°C e 807°C ; #Esk 2
4 ¢h Tl 4 & (S3 o S5)frdw & '8 AU(S4)E B A WA 7 E K 104°C ~ 82°C Hr
150°C © st 4e #1 43 A 4d > T30%5 8 5 902°C» A 452 iR &4 ¢ B B 4 33°C»
B4 E G fosk & "8RG B A B 5 846°C fr 861°C 5 sk 2 4k ¢t ] 4 & (S3 4 S5)
fesh & 8 U S4)E & A WA 47 B K 79°C ~ 78°C v 103°C -

R RAZ TR B RS TR VP REFF IR A TR R D B
ZPIBETIOR RRGERERER AT BRE S B S22 st RHREL R
SO AT R RTFSERFEAT BPIRTE I P o ERIFIRREER HW
R e R AT A 4ol 5-26~5-29 F1oT o
% 58 #FHMCFBCI3#HRELATEZERA VR

10 min 20 min 30 min 43 min
(°C) TEST | FEM | TEST | FEM | TEST | FEM | TEST | FEM
Cl 30.6 41.3 34.1 65.5 57.1 94.3 88.2 131.4
C2 31.9 30.2 32.0 31.6 32.1 35.0 39.6 42.6
C3 31.6 30.0 31.6 30.2 323 30.9 44.5 33.2
C4 31.2 30.2 31.2 31.6 31.6 35.0 39.0 42.6
C5 33.1 41.3 32.3 65.5 45.4 94.3 68.4 131.4
S1 105.7 5274 | 1962 | 6845 | 340.7 | 763.4 | 465.8 | 827.7
S2 99.9 5274 | 2513 | 6845 | 4103 | 763.4 | 4579 | 827.7
S3 419.0 | 566.7 | 582.0 | 714.5 | 683.1 | 786.8 | 766.5 | 845.7
S4 418.0 | 605.6 | 565.6 | 742.0 | 6579 | 807.0 | 7583 860.8
S5 439.7 566.7 | 5899 | 7145 | 7054 | 786.8 | 768.2 | 845.7

. FHRPIEERE S FHAED L%a fpl 8 P|B2 TI3DE -
2. SAzZ SRR LA L EG S44rS62 TiaiE .

(FHR &R : 2] KR
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1000

900

800 —
o 700
2 4
S 2003
[«b]
o
=
= i
'_

100 -

0 I

Heating 30 min
— - — -TEST
—— FEM

Heating 43 min
— - - TEST
= FEM

0

50

| L L LA B
100 150 200 250 300

Distance from column face (mm)

B 5-25 3548 CFBC-3 3% B2 A 45 2 E B W iR

(FH KR 0 AR AID)

MT11
+6.056e+02
+5.576e+02
+3.097e+0z2
+4.617e+02
+4.137e+02
+3.658e+02
+3.178e+0z2
+2.693e+0z2
+2.219e+02
+1.73%9e+02
+1.259e+02
+7.797e+01
+3.000e+01

W 5-26 4 47348 CFBC-3 4rif 10 4 452

(FH KR 0 AR AID)

3]
3N}
s

RS R TEE Rt

Location of the thermocouples
| Furnace
A Outside steel plate
O 76 mm depth inside concrete
+ 152 mm depth inside concrete
* 228 mm depth inside concrete

78°C
126°C
174°C

222°C
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MT11
+7.420e+02
+6.826e+02
+6.233e+02
+3.640e+0z2
+5.046e+02
+4.453e+02
+3.860e+02
+3.266e+02
+2.673e+0z2
+2.080e+0z2
+1.487e+02
+8.933e+01
+3.000e+01

89°C

149°C

208°C

267°C

0D columa-

Soan: nesc

Incoamens a:
Beiary Vae: WTIL
H  Dafoomad Ve mcger DaformacknScak Facoos noose

W 5-27 & ¥73F 48 CFBC-3 4rif 20 & 452 %7d B R A & 7
(FH kiR 0 277 BEIL)

NT11
+8.070e+0z2
+7.423e+0z2
+6.7753e+02
+6.128e+02
+5.480e+02
+4.833e+0z2
+4.185e+02
+3.538e+02
+2.890e+02
+2.243e+02
+1.595e+0z2
+3.475e+01
+3.000e+01

95°C

160°C

224°C

289°C

DD colm -

Soem e
I & €0 Tie 1200,
nlmafvva WL
H  Deformed Vac mcses DeformacknScake Racoor neses

W) 5-28 A 457348 CFBC-3 4rif 30 A 482 %76 ;LB A & 35
(FHR KR 27 FER)
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TR ARG

MT11
+8.608e+02
+7.916e+02
+7.223e+02
+6.931e+02
+3.83%+02
+5.146e+02
+4.454e4+02
+3.762e+02
+3.069e+02
+2.377e+0z2
+1.685e+02
+9.924e4+01
+3.000e+01

99°C
169°C

238°C

307°C

W 5-29 4 474 CFBC-3 4cif 43 A 482 ¥7a B A A % F 35
(FH kiR 0 2877 BT

B PAREM I EERZ AT

d iR E B VAL R CFBC-1 fo & B L4k 3248 CFBC-2 4 4 X 3 8
20p e 3 L P B te RS RRERIER T  mHREASFTITERY
PoUARET SEET (e GRED VAR RME R HiEWE e B R Bl
Flt b VR E R 2 R RG N NPT RE MR LR ROER S E R
UL Design No. Y711 3z 2. B X prcz. 1.25 & > 4o# 5-9 #757 o

=,

B

%59 PEIPETF L U BB R ER 2 MG

P2 1 B 7 (hr) Bl R 5 A (mm)
1 12
2 12
3 16

(FA &R 0 g L)

AT E LA R iEEE CFBC-2 2o 24 » BB 4 5-9 b LBt P LAk
BER B ATEHIPVRRER ) THRFENIFE2 ) FE oS
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PG AR LT TR £ B2

B AR CFBC2 2 S % v o VA EERE AL 12mm (5 Y] /| B
£02 ] F¥) ~ 14.3 mm(zER CFBC-2)2 16 mm(l X e 3 /|- %) -

Bl 530 2@ 531 Z4cB2 )22 FERP VARREMAITESE o AR
120 ~ 48 > ~ 44 %5 & 5 12 mm ~ 143 mm fo 16 mm 2 3#48 > 2 S2 ~ 4728
B A w4 377°C ~ 335°C 4 310°C ;5 A 454 % & A 5 12 mm ~ 14.3 mm - 16 mm
23R B CSEARA W L 131°C~ 120°C 4r 114°C = #4350 4p e Se B PFRF T > 4
B R B Rl SAUE R BT MR R § S ER TR R0 E e
5 K o

Bl 5-31 (a)fe(b) A & 5 & 4cif 60 & 484 120 4 480 A 47 - W3 falF VAL R &
Btz B R BEEA o d R I i BT 0 VAL RIERE & 700°C BiE
It EREMER REREASBE I HHIRRI Y w2 MF R
S MERY R RCIEY A E e F]U 3R BE B B VAR R e

IR S RS T TN N S AT L

400

) Fire protection thickness
------ 12 mm thick.
14.3 mm thick.
—— — 16 mm thick.

Location of the thermocouples
A Inside steel plate
O 76 mm depth inside concrete

Temperature (°C)

0 30 60 90 120

Time (min)
B 5-30 A 43EMCFBC-2 1% P EEAEZ A5 %

(FR &R 1 A f )
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(a) 60 min (b) 120 min
1100 Fire protection thickness 1100 Fire protection thickness
12 mm thick. 12 mm thick.
______ 14.3 mm thick. ------ 143 mm thick.
16 mm thick. — 16 mm thick.
1000 Location of the thermocouples 1000 — I.‘OFCliE:gcrl of the thermocouples
[5) : Fumfxce o A Outside steel plate
o Outside steel plate O .
~ ] . D5 ® Inside steel plate
@ @ Inside steel plate o .
5 O 76 mm depth inside concrete 5 O 76 mm depth inside concrete
= 900 =& cpthinst = 900 =L + 152 mm depth inside concrete
= 4009 + 152 mm depth inside concrete [ 4009 % .
o L. [ 228 mm depth inside concrete
Q. X 228 mm depth inside concrete E
5 300- g 300
49 O | X
200 - 200 - *
100 — 100 —
60 min 120 min
0 T T T T 1 0 T T T T 1
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Distance from column face (mm) Distance from column face (mm)

B 5-3L W7 1 VBB R 2 86 RIBER M 0
(FR kiR 277 FFR)

CANINE 7T S R EA

R Y ML £ e A 45 3R CFBC-2 5 103 0 14 im 3 45(2008)F% § 22 3k 2
A CAR R R e B 3 A THCAAR R R BT o P 42(2008)2
Bl Rk pet B B Gl 0 dod 5-10 fo & S-11 #rF o

o B 5-32 Bgom 4R 2 ] A A B Type 2 22 4 47 03] Type 3 2. %7 S2
BLB BT A A 470 Type 1 20 S2 Bh2 8 B i o d U ILARGR fie il 1l G
AR R lE U R VAR M R GE FR A AR
Adp ke E 2 PIBEE R A R 1

4 5-10 B LA BHE Y 6]

Kk (%) ol (%) | BE T (%) H v (%)

Type 1 42 12 44 2
Type 2 32 22 44 2
Type 3 22 32 44 2

(FHL & @ 7 42(2008))
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GRS AR T T phe £ 4

e

1

75 287

2511 2 HE R HZBP YR ERBE G

B R°C Type 1 Type 2 Type 3
30 0.129 0.120 0.115
200 0.106 0.112 0.107
600 0.150 0.176 0.184
1000 0.269 0.271 0.269
(FR %R = % £2(2008))
400 Fire protection type
Type 1
1=-=-=-=--- Type 2
Type 3 ,z'
300 — Location of the thermocouples &
%) A Inside steel plate /
Q_ 4 O 76 mm depth inside 2
L Y
S 2
w 200 %
e T P
(5]
[ D
100 —
0 ) I ) I ) I )
0 30 60 90 120
Time (min)

W 532 7 b Vit RH AL FR-ER M 1

(FHR &R 1 A ] )
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3
s
w9

ARG R BN RRED AT RE fe e 01 FP L 5 CONS
12514 28 REFF R B VI RH% 2 WL EAREHRLE L  HLPT

R T s

1. 348 CFBC-1 P i 609 kgfiem® 55 & f 2 HLR &2 ©of = | FFp L P X
@g’%ﬁﬁﬁﬁilm%lﬁfg@&uﬁlﬁOﬁ)@ﬁ$£@*%$
o ViEZ PP LB o FERT L AR AR Fhhe ¥ LB LR E T

:wﬁ’%y%ﬁm&sﬁﬁé2%%o$@%v%¢§$ﬂﬂ@g@m@
ﬁ,ﬂ’n@( o

2. 4 CFBC-1 4 4rf & 7 he 2o 4335 > BB H M 2R A B ~
FARGE TS o B P IBRAED AR LD Lk o

3. 48 CFBC-2 M i 673 kgflem’ 56 B p “uR 5w 2 » H 40% % 273248 CFBC-1
ARIE o ¥t deiEdl 2 100% (T E GE 2T (T 1600 #) 7R R L T R
%’ﬁﬁﬁﬁﬂﬁﬁméﬁéﬁﬁﬁ+i1m¢ﬁu1@mim%@@ﬁm
T T RAEFH P 2179 AP EM R R e R A AU

4. A CFBC-2 *t4uif 99 Al » #4 Ryt d BA 3 > e F 83w 52
EER A EREME TR BRI RRME N RIRFEAE 512°C RS
i 146°C o FFMMAURRIN S e B IR eidkAn g p IR GRS R o

5. @4 CFBC-3 % 4v2 56%1 (F4% & if 2 7 (9 900 #f) » »> 43 4 dhi# Hpisk
%aﬂ]ﬁi’h BB F R ALE 800°C RS B E R ALE 400°C - ﬁii’ﬁz’fﬁ—;?\ = A
FE A 5 ARG AR N IR GR S R s AR R VAR R F

$ AR AR EMEER SN R T2 ERAT > L L RRET 5%
e ERB A T PRGN AR R R AT o T B R E R

7. ,ﬁ,g\y;b_%' I.@A\‘l}ﬁ—'ﬂ'&l,{* 1‘7, F )\;?);';W}_Tﬁj_}ibt:] e F7 ok ’hlxﬁ'{"ﬁf'
FHEIE R AT 2 B

105



RS AT T X4 ALY

*
1y

4
G
ﬂ

ApEBE  FRERRREELER €
FHBM ¢ P IIRE R L AT

PR AL B BR  Hp VR T B R RR A 0 R
ECFRA BT AR AT W R Bk R N RIRE
2 A AR W R - G A SRR T L e VAR R B R
et b Bt BFEL R IE R o UEEA S X 2 VR VT i

REFFE BF IR R TF

PR Ey

£ RS
APHEM D FRRRRFEELA €
FRPEHSRE 1N gTinaE AT g

@:}P\«;{.\:‘ *g_%g;@*ﬂ,gqrﬁ—gaﬁggw%44f?w —‘J—j?{%,f‘sr‘ﬁﬁ](’}ﬁﬁg A ¢F
Bt Lo g b A IRGR I R 2 AR A R R G L o R B AT
SRR T - ER-2CE S FR N PO SR

3. &=
£ e R
APHEH C FRRRTFE LR €
BRPHS R ) FIRE AT AT
AR TR SRR A 2 T SRR R PR AR R
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- P RRRD s TR L
- PBRAL Bl TR EE

EARBEN T F SRR R RPRPERR > AN EHAs s R
B3 PURB R > TR R Az RF o

1. %% CFBC-1
(1) 48 214% R 3H 5 58 & (Pyo)
0 500x500x22x22 & & L=435cm 4+ 4 A =420.6 cm’

B 45 K5k R Fy=3.794 them®  § %% 4w 312 {8 E=2100 tf/cm’

rREE s ISZéXSO3xSO—éx45.63><45.6:160521.8 om’

I,  [1605218
ML L T e —S:\/—:19.5 em
L \/AS 420.6
A .
b pe s 4200 o000 = g0, 0K
BH 5050
g 2_3072x22 55055 o 3B :\/3X2100=40.75 OK
(22 F, \ 379

POERGRY A Y A e 2 g e 2T S

I 4
fp =1 + o |~E =195+ 0.1 212 2200 em
A, 50

(84404 8 052 4 a=0.1)

F
A, = KL [Fys _ 1x435 3'794:0.28<1.5
Tl | B¢ mx20.9V 2100

oAl AUR N B R

Pns:(o.zmj—o.sncz—0.06xc+1 1sAs =1505 tf
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R RAM YT T e X4 T2
(2) IR 2 110609 Kgflom R 3 K 3 & (Pac)
%76 B =+ B=50cm >30cm OK
e e £ = 2 @ B/H=50/50=1.0>04 OK
Pre = 0 (0.85F, A + A, F,; J=0.85x(0.85x609x45.62 /1000 =915  tf

(FLR G2 £ P34 L E DR & > fde £F P25 0.85)

(3) M ERGRD §a 34 HPUR K 5 & (OcPn)
0P =P+ P =085x1505+0.75x915=1965 tf
(4 B IR4 2 3% B 37 T Bche= 0.85 7 L 2o Al 4 5 R 383 412 W04 5 R 375 Thlic

Ocrc=0.75)

4) 1 iEPEFEF L LHEF L 0 DLALL)
FRFECP L RL
1.2DL+1.6LL < §,P, =1965 tf
BREFLHENSBaE L
Al DL=5xLL & & » + 3¢
PR P E L 1203t EE S 259 ¢f
KPP E=F £ HFE L E£=1293+4259=1552 tf

P L phe 4 L1550 tf

2. 4% CFBC-2
(1) 8304w b FB 3 5 55 & (Prg)

0 500x500x22x22 & & L=435cm 4kt ff A=420.6 cm’
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Hig- pERGES WAl TR EY

F s Ko R Fy=3.794 tlem® 3 " 4k 5844 8 E~2100 tflem’

FREE s ISZ%X503><50—%><45.63><45.6:160521.8 cm®

I, (1605218
A pr T e g LT r= —Sz\/—=19.5 cm
’ A, \ 4206
o pets 2 4200 o0 o 0y 0K
BH  50x50
g D 5022322 o500 g o PEs :\/3“100 ~40.75 OK
£ 22 F, \ 379

PR GRS Attt Y R g 2 G o X T G

1 4
Ty =T, +aX |~ =19.5+0.1x 50 /212=20.9 cm
A, 50

(GE A4 g R L a=0.1)

_ KL [Fys  1x435 [3.794

A =
nx20.9 Y\ 2100

=0.28<1.5

C
Tegr || Eg

a2l UR B R

P, = (0.21 > —0.570.2 —0.06%, +1JF, A, =1505tf

y
(2) PR GRS H1(673 keflem®)FR 3+ 55 & (Porc)

%% B £ 1 B=50cm >30cm OK

e e £ = 2 @ B/H=50/50=1.0>04 OK

nrc

P, =0,(0.856,A, +AF, ) =085x(0.85x673x45.6’)/1000=1011 tf

(FIR D XD A1 24 ahE L > Fde E7 1B~ 5 0.85)

(3) MIER G 53 VR K5 R (§cPn)

0P =P+, P =0.85x1505+0.75x1011=2038 tf
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FRAL AT TR L T2

(4 B 300 25 B 37 TR Bicdes= 0.85 5 L2 Al 4p 7 iR 4 412 R 3 % R ITF ik
¢CTC:0'75)

4) 1 FPEFE@FEPLHERE 0 DLALL)
TRFEN RS
1.2DL+1.6LL <¢,P, =2038 tf
BRERLGEN S BaERL
] DL=5xLL % » b 3¢
PLEGE #PE 5 1341t0 B E 5 268 tf
R P E =8 £ 5§ £=1341+268=1609 tf

F A2 phe 4 L1600 tf

3. 34 CFBC-3

POER D A PLPUR R R B ok 3 CFBC-2 0 @ % e o
w4 5056 B2 1 FfE 5 T 900 HE o
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| &4 y -

5 -

B4 (F1 50k (S)

= A

,J( 7’1 A

it % B (ASTM E 605)
R (560°C/ 30 mins)
R % B (ASTME 761)
“t% % & (ASTM E 736)
ded (ASTM E 759)
Filir¥ (ASTM E 760)
Fuif 4 (ASTME 937)

i B-# (ASTME 859)

LG HETF (ASTME 84)
T E ¥ (ASTME 84)

7 %4 (ASTM E 136)

# % tad (JISA 1412)
2% fh#ikc (ASTM C 423)
2L E R (F R )
PH & (4c -k #4L)

o R

A R (20°C/50% RH)
# 50%5 B

F 70%5 B

2 98%% B

"R

GE-S A P S Y

XA R A

D Are 4

AN LY P 3

: 1.13~1.40 L/kg

: 26 PCF/28 PCF(Min. Ind./Avg.)
& CO~CO2 s R84 4

* Min. Avg. 5,000 PSF

: Min. Avg. 500 PSF

- Pass

- Pass

: 0.00 gm/mm’

2 0.000 gnv/ft*

SO R LEEM AT L)
0L LEE )
DA uE

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

D& 15mm 7t
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1. CNS 12514 5 Tat ko2 | 28 - A3 T4 7E277 0 5 &7
ot BRI TR A WA IRINS B cAoPRIMERT Y R R E R
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gt IR 172 /71?52 » H fzi‘?]
B BRyHL AP TR G R A M T BRIBE T S R REAE

3-13 -

2. 7 !%ﬁ;h? W AM A2 Sl & E SR B e 04F, - 20.6F, - ..

44
= o

FRIFHRLAP LR HRFRRE ) AR RN iR
RIFERRFRPEIFR ) I AN RR AR Z 1T E -
CFBC-1 % 3248 CFBC-2 e {45 5 % 1 (£ 8 € » 34 CFBC-3 4 {2 pho
15056 B2 1 FRE S R RR S 2 B

B

3. pé‘ —:F; ;}:_%__L -QL:—‘E,/""'&,ll/ﬁl/\*TP\W/‘};g/ingé_iQ%’g o

v R R BB

LRI
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i

Pl
S
g
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2. MR B 50 &4 o BIRY Y MEZER o HE K EAF A 2 SRC A

5 o deiinis o
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Wz FALALEER
ViR FHH L AR ST KRF
3. FAHLN RH P k% RS (420 kgflem® 2 700 kgfiem®)ihL B4 ® A oo

FRIEY A RERARES  AFEHRAI RAN FRAI RSV T AR
B85 700 kgf/em? (10,000 psi) i 5 A& iR 583 2 B flic ~ 185058 B % B0

PAmppRRI > THEHEIRAERARR 2 L EFE- AT EP

~
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N o
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S. - et BRILF G R R R E)T A b B e

PREEDE -

T RATLEHEY SNAOOB 2 s 0 RIS F AR B R T A o Rl 2 R
EATE T 2 it -

117



Lt Al VT T 4 TRy

FoNYFELARER
€RPH 99 # TP 8pEoOmE30A
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F B ikyE ONS 1230 AP B 2L 2317 o 2#40 p Bl iF 5 & 15 12 2342°C 2 B & &
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3. P HELF e FFUNAFAFRE? AFNTBRARAL AP VR RLHE
2 HEBT & K ke R
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ZRAT RABBEALT T XA FELFY

A HABARALEER
EFXRPH 99 & 117 12p 7= 25304
PEE NGRS B E

A RRRTIE

Ty
\-\M-

LETRELZ BB L B <

IO

1. %42 P17 7 B 3-1 831464 p B F £ 055 4 47020 £7°82 2385 7 4%
TR T AEBURARIR 7 A CLp o

rs

ERRBEARE TSR FERFRPE R AP AL A4S
PR T TR S b H AP MR R T 4 AR TRk o A
FRTAFREPPBILUERN L DEF L EERBEFLHF FMe &
"2 2% R AR Y iR (7425 & # B (Ultrasonic Testing, UT) - &P 1S 4% i
iR - A P R R RBEBEY ASREA R

2. BAEFEL P22 Y A 322 BB RES PR A S 609 keflem® > # 3-3 2 %

IHFREY P ER AR L 673 kgflom® o i P27 ¢ ¢ Eots — 72 FILEAEFUR 2
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