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ABSTRACT

Keywords: full-scale steel experimental house, fire, composite concrete slabs

Fire tests performed on single isolated structural members are the necessary first
step to support the structural fire resistance design. However, such tests do not reflect
the real behaviour of the elements in the whole structure under fire conditions.
Interactions between different structural elements in a whole structure can alter the
loading and support conditions of any structural element. This alteration can lead to
completely different structural behaviour from that based on the initial set of loading
and boundary conditions.

At present in Taiwan, the fire-resistance test for composite concrete slabs mainly
follows CNS 12514-1 and CNS 12514-5, which test a simply supported in fire to
obtain the fire-resistant time and strength. However, this kind of test method does not
consider the restraint forces in a real steel building on fire. Hence, through the fire test
of a steel experimental house, we can study the real structural behavior of composite
concrete slabs, and discuss the differences between the real fire test and the standard

fire test.

This project comes to the immediate and long-term strategies.
For immediate strategies:

The study of fire-damaged repaired composite concrete slabs.
For long-term strategies:

Membrane action in composite concrete slabs subjected to fire.
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BRIV LA 2201 R PFLFF S F Mo o - BRHER
% T 4o L
g = (T —207C) (2-4)

OEBWE BBV ERBATH a=18x10"% HEFAFHa=12Xx10"% [11]-
RGEL B 150°C T o d A d RATA T AL S E A PR E ALY A 2
BRT AR SEM G [12] ¥ Purkiss [13] g ISR & 2 BB 2 2R
LFZEFRER AT HEWIER KR ResE A X2 R LB FIEL 2§ 4
e IL g TR ST A o
Eurocode 2[4] ~ Schneider % 4 [10]¢7 Lie[14]#7:2& 2 £ B F 240 ™ > T 38 F
4o @] 2.8 #77 o
1. Eurocode 2[4]:= 3% = 3¢

FERY

g =—18x10"*+9x 1076 x (T—207) +23x 1071 x
(T—-200)*<14x1073 (2-5)

B B E

g =—12x10"*+6x 107 x (T —20°C) + 1.4 x 1071 x
(T-20C)*<12x1073 (2-6)

EE

g = 8% 1076 X (T — 20°C) (2-7)

2. Schneider % % [10]#7iE 3% o> 58 ¢
PR it
TR T<650C:
Eh =66 X 10711 XT3 —1.7x 1078 xT2+9%x 107 x T + 1.369
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x 1074 (2-8)
T ERET>650C:
e = 2% 1078 % T2 —3.94 % 1075 * T + 0.0342 (2-9)

3. Lie[14]#74% & e 54
PR AR

g = (0.008-T + 6) X 1076 x (T — 20 C) (2-10)

Hode T

FREARGERE M

£en = [0.004 X (T2 — 400) + 6 x (T — 20 )] x 107 2-11)

A

£ = 7.5 X 1076(T — 20 ©) (2-12)
0.02 1

&—o EC 2-2004-Siliceous
| &— EC 2-2004-Calcareous e

0.016 4 --- Lie
A—= Schneider
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T T T 1
0 200 400 600 800 1000 1200
Temperature ( 0C)
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R T RGO A% > Schneider ¥ A [10]2 & p e @ F R 2 24
FPRP BB O N et (2-13) c HERE SRS 0 BULERFER
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16 - -
f \ =&~ Tmax = 150"C

14 —x- Tmax =250°C
= 12 =4~ Tmax =350°C
£ '(.--"\ \ - *- Tmax =450°C
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1. Anderberg f= Thelandersson([8] :

£y = kyp (%) e, T<550C, 1.8 <k, <235 (2-14)
a&‘tr _ M o, _
W_0.0001(fc,), T > 550°C (2-15)

E A L £ SAEe S
2. Schneider % 4 [10] :

(t) Ohi
Etr =@ % - gpl(T; o) —A g (T, a), a= % (2-16)

¢ = Cy * tanhy  * (T — 20) + C,  tanhy, * (T — Tg) + C3
Yy = 031073+ w05 42251073 (y, <2.8%1073)
PP aFPEFF ooy e AR DY B AP ER ] 5a<03>
Schneider & 4 [10]2#%04 <a <0.65 H T o
Schneider & 4 [10]Z R &4 e 5 ¢
ot = Etn(T) + & (T, ) + Spl( T,a) +ex(T,a)
Eror - WIE¥
en(T) * #IL%
(T, a) = I %
ep(T,a) * LI %
er(T, ) * B BR
3. Nielsen % * [18]r4 Anderberg {= Thelandersson[8]s 7] 5 A& > K 4L & %
T B RSB
g, = 0.000038 (%) T (2-17)
4. Diederichs(reported in[19])#74& J1 %7 f& B % 84 5 ¢
£y = % [3.3 x 10~1°(T — 20)3 — 1.72 x 10~7(T — 20)? + 0.0412 x 10-3(t — 20)]
(2-18)
5. Terro[20])7 Khoury % A [9]& Sk 6 % 5 A # > &% jivA F H 844 #H7i k %

s BHCA G
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£ = £g3 X (0 032 + 3. 226"“) o, ’;ff' <03 (2-19)

R ggg b Bodn e POBME e B0V 5 F HHAE Y a2 B R HT
PTG AR BASET T M
€03 = —43.87 x 1076 + 2.73 x 1078T 4+ 6.35 x 107872 — 2,19 x 107173 4+
2.77 x 107 13T* (2-20)
Pt
€03 = —1625.78 X 1076 4+ 58.03 x 1075T — 0.6364 x 1076T2 + 3.6112 x
107973 — 9.2796 x 10~12T* 4 8.806 x 10~15T5 (2-21)

2-3-3 R4 1Az (g,)

TS SIACE R G e A ERART M ER BT APME
B2 w5 R () T A28 BT AT R R
HE(16] 0 T AR L E F TR 2 TR H RN G
1. Anderberg fr Thelandersson [8] & &+ % & MM (2d - Pofr it v 2 gL

- BT R BCATHES

eor
Ocr = Ecir (EcT - E) » €7 = &1 (2-22)
ocr = f1 — 880 (ecr — &), &7 2 & (2-23)

880 2
er= e (1- 1), fi = Ear (81— 52) (2-24)
2. Lie feLin[21]:2 & &+ B¥d R 2 D2 TREY S M

2

= flr-[1- (=), e <o (2:25)
Eur
! cT~cu 2

oer = far |1~ (Z=22) |, e < our (2:26)

3. Schneider [22]22 & * £ F]=x ¥ #en p » BRI f £ T o H @ R »ui
* 252 3.0 @ Terro[20]+ F #& J! - #4] » &_#- Schneider 2 #-3] 12 n &3¢
2.0 i35
— "1 Eciréer

o =
cT n (‘SCT )n
ur

(2-27)
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Lin % A [23]% $47R 5 70 % & e 857 (745 8508 38 2 e ¥ 0 295 ASTM
E 119 & ¢ &i‘ﬁ%ﬁééﬂ% o AR 5 55mx43m o 5 178mm 0 FE R 5
B 19mm e BB P A T g A 4]0 U 33 B enilE o Rk B R
B A o U PETAZE 4 ) P o
Cooke[24]% 14 B Jis 4 iR 2 f§ L /K H % 45 i B [SO834 = NPD( Norwegian
Petroleum Directorate temperature-time curves ) i& {7 v 325 o $F 344 & ~ R 5% 2
BACPEFUZFALT FEIHRAIF VLT FLR BEFRLVT T
PSR NI Y W
Lim% 4 [25,26] :£ 7R ES o Ffre s lyFat Vg  #FHWM 45
3.3mx4.3m > % 5 5 90mm ~ 100mmZ% 130mm > 2§ KT £ 4] > EEle B4
KA o 53/ PFenlSO 8344 #4385 Ao > 4% S5 R ATIET00°C » B 5 41 IR iF)3%
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R BRI FEIA N E S P ET e £ IR S R 0 24
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BB ARSI FRAIFDHESVRFAF T gl 30K B
R A o
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FohAIaR Y LR AR AR RS I
Usmani f= Cameron % 4 [34,35]%53#5 Edinburgh + % i& {7 chie £ 4 1228 454

1o I BT AR R § HBER G TR VTP A2 b
SRS T RFELP A AR AT
R RAER - AR TR RR R TP R RS

Cashell % A [36]F7 7 ftm" LR ik ™ o 4% 5 %72 3148 53 3 gl eyl 4 8401
FH T B BETR EEGER S 2 o R F R T b A anER > R
FRFI IR DM S P DR EE T B R E s E 2 F B R R
’“Mﬁ*%ﬁ”#ﬁﬁbwﬁ A0 473 o

Omer % A [37-3915F 8% kT & 4104823 4 ¥ B2 BT & st §
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T it Ea
§oe
GmEEAMMﬂﬁéwa%ﬁ@meT%Fﬁai%ﬁ#%%@4mﬂ
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im0 A B3R A Cardington 3% P iR s 7 A H pRBEFE{CE R4 B

Tw%ﬁﬁ’jkﬁﬁﬁﬁﬁ%@ﬁﬁTﬁﬁjﬁﬁ%gﬁ;ﬁﬁ’%?Eé%

14

¢

b3 R B R B RS R e TR e R e

-
A
F‘r

¥

AN
AN

VORI A R R S SR DR e 4 G B G PR G el
T Th o
3P % C[ALA2DE T 4 B2 RS Sdr A L ERE R o
RS R O 0 B R AV T Y RIUKN S o 2 g d R
_E._

&% s HE Y AR FER AP o XA Sk > AR BIRES SR 0 FP

15



]\M
é*i«

A AL R R LT TRE

MR BRI e B B VARG R AL RS iR > A 3 KN4
fed W A AR A A OOk 0 W A E 2 B RUR - AR A VR R
R A IO, R E TR T PR 0 &3 WA Pk e

FHIR G MRE VI RN BRIV LAY 0 o Liao ¥ £ [43,44]
BEHSRAIFR TV AT FHGSRRIFHEFFIE T TR
ST A RAE  RERFR S BIEHHREY 24
_m kR BEE AR Y 2 RRRD R
§*7$*%@$ﬁﬁ§’%%¢Qﬂ4%*%ﬁ‘@ﬁ%ﬂéﬁlk’ﬁ%é
AR BT FTER oAV A RRERRET O THRET RS RX A
FHO T RZAVEREE S > T2 A AR R R AR R
W g ERRERY A2 RARG - 24 RILBTREH N4 F o
AT TSR BERREAY > A AR AL YERARARKS BWEL

=
>‘l\
J\
&
&
kil
A 0%
@ .
.
=
>¢
nk} ok
(\x

ARAGFE o MR NP R T o VT REART T RAERSE
R AT TT A R R R E PR B nLR o

¥

LE el F S PR THAEE U AG N AL EREWS o B

§ VT THEEWETEY

4

4

BEFREBES BN EAEL R PE S o
] %Mﬁgghrm& BcE s h e 3 0 F 0 A
FEEEKTRA . PFERF IS IRE P SRS
AIFERF RELIPRT L4] 0 d SR AEROOR 0 RS %Fﬁ?ﬁ“\'&f” "
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2R E A [47)E 2 R Rl A TR 0 B R A4S BIvA
B4 BRI AR B B R IRRI G F R A R 4 e A A
o d JHP 4 2 FERT 0 AR 2 BB L AR 0 @Y e
WA E o BERHRFER  HR £ E e bl e s R % TR HHE
FRUKP S DR FLER o VY R m B o KRR S
AR o HOERCTE R AR AT > 4B TR A fomt U 4 B AR L [48] o

Faf) % £ [49,50]9] * L Ae TR > e i B ORIEEE AR SRS F
AR LAETRP S S 2 0 o s Y LR L AU 5
B A el Eerg e o B R T GEfeh 2 0 S H T T4
558 5 4 *Fév’#ﬁ“—lé&?:% AT <ol I (S S SR CES S W DR
17 A4 fraB A e 0 AT iR S R AR e & -

W EDVTFHRTE A R L > FRERE
o EEERY PR HE AR EDONVLRERAL R B RF LT
# B BRE (British Research Establishment) % Cardington & ~ & % ° ~ 4 # %
A

B[51-55]» sAmfp < A & g ERAL SEREM 0 Y 2 70 T
FERY A Rl A Al £ RAET 4 AR S kA s RS
@ E g AR (1900kg/mY) =R LG SE FEBE RS Omo B E
45m- Z Ay EEF 3B AN i 6m9m-6m BE 2lmo HER T T ow BT
% ¢+ A% 5 254UB ~ 305UB ~ 356UB ~ 610UB » 41.i¢ * 1 = fa%ra ¢ < » A 4
% 305UCx198kg/m ~ 305UC*118kg/m fr 254UCx98kg/m » J* *F > § MG H 4 - 4%
EIE k2 g PF > REFEREE 25KN/M o B R SR LR P B S
Bt~ HERAIF VTP 28T 5 T2 BEALSIT S E > RIR T KM
BHEAN VT BSHEE X 1993 £ 1 2003 A FRFRE S VT P %K
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P A MR RRI MR YT REF S

AP AT R A F AR E LT A% £ 0T R K AW 2.10 47
FoEX AR DHRHEEG A VPR P Ehod 21T ARG
P 4ol 2.11 #7110 T X F SR enINe E % drk 2.2 91 o

Cardington v % F 23 I D IR A R DRI B LT B VAR R LT
2H NG c REHOERBEAEALE 1100C > BRI R AL L hdE = H
(% *ERG1/20) BTG NRERE « BREEFR > LR T g
VAR e B R AZIE 1100°C o fed MR RSB AT (T o 4
oA e £ b A TR GRD A RKIE > R IR A VR o ZFEE L
% A e O [56] 0 BRE & 7 F ¢ o iR R 4 4 kE L W R ER[57,58] 0 R
F 4RI = L 9.5mx6.5m 4RI 4 E 60mm A A 5 150mm o (3R E 2
%ﬁiﬁ—ﬁ%@@’%ﬂﬁiﬁ&ﬁfa%ﬁ&ﬁﬁ%’ﬂTﬁiﬁﬁﬁﬁﬂ
GRI LA o A AL AR TV AR DR R AR R R o 2R A KR
o RES ey Al BB e FH L R SRS R AT R

B RS B R

® 9000 . 9000 @ 9000 @ 9000 @ 9000 ®
A A

@ — | - 6-Level 2
o 5 136 m2 BS
=) T4
(=]
=]

@ [ i 4 - Level 3

X # 54m2 BS
(=]
(=]
S 3
(=)
:" E’:Z—?:f".
Q) +—F - & T 1-Level?
N%
g 24 m2 BS
O A
® = ; :

- |
\5- Level 3
o4 oy BRE, 2 - Level 4 7 - Level 4 3-Level 2
ot me 52.5 m2BS 77 m2 HPRI-CV 5535 70 m2 BRE

Bl 2.10 # & Cardington 4§+ 2 = X TR % FFT LW(5% 2 7 [54])
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() ZF VLR &

® 2.11 & B Cardington %

= XTRHEBY (Y E P [54])

% 2.1 ®® Cardington = x v T %A+ FH

No. Test Fire compartment

Size, (m)

| One beam heated by gas Bx3

2 One frame heated by gas 2l x 25
3 Corner compartment Gxh

4 Corner compartment 107
5 Large compartment 2= 18
6 Office—Demonstration 18x9
7 Structural integrity 1 %7

Arca (m”)

24
53
34
70
42
136
77

Load

Fire Mechanical (%)
Gas 30

Gas 30

40 kg/m* of wood cribs 30

45kg/m? of wood cribs 30

40 kg/m? of wood cribs 30

45ke/m* of wood cribs 30

40 kg/m” of wood cribs 56

Nl
ol

% 7 [54])

% 2.2 ¥ @ Cardington = = v % R % # Fl

No. Org. Floor Time (min) to max. atmosphere temp. Maximum temperature ("C) Measured deformations (mm)
Gas Steel Maximal Residual

1 BS* 7 170 913 875 232 113

2 Bs 4 125 820 800 445 265

3 BS 3 14 1000 903 269 160

4 BRE" 2 75 1020 950 325 425

5 BRE 3 0 691 557 481

[ BS 2 40 1150 1060 610

7 CvuTs 4 55 1108 1088 = 1000 925

(%% % B [54])
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AWML R kLY TRE RS

2012 & £ F4c M * £ T 3B A R(UCSD)FI* H 23 b2 = ¢hirds 5 [59] -
TS AR L AN SRR FRE LR B 8 L d % o 4o R 212 4

FoERAREREE ML PRI VRE AP REREZp LR BT RS -

B 212 % R4+ FFY LHLRUCSD) HsiREL RFHE(FFF P [59])

Dong ¥ * [60-64]% £ 3/ 2 40 S HF R S (o 409030502 I SR B
P 1SO834 27— ks v T F > A WIFHH SR A Eor T i B

FEEA LR AoR 2,13 A1oF e

B 213 3k EFRE($TF P [62])
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3-2-1 3 R =+ :
AT R A RIEFEN S 600 cmx600 cm H4F 5 E 15 cm e 4% kE B & 1.2mm >

R Ig}ixx%%*&i; 2cm FE R tAcB 330

—— #3@150 — fc'=210kgf/cm?2
S T TN S T TN S T TN PN < — 9
> % n
—tt
o 1— #4@305MM 3.5MMomsRsE  @150CM
l 305 J 305 L
B fr @ mm
Bl 3.3 M+ 5 F(A4T g KD
322 4w 8
TR A SEE#4 @305mm 0 %ﬁﬂw}m’ 5 5 #3 @150 mm > 4[] 3.3 #for e
3-2-3 4% KR
FREMRFFRT 2 A2 4KF > L& 1.2mm > ** 8 76mm > * §E 305mm »

FozEEM I 0 ASTM A653 Gr.50 * k35 & 3500kgf/cm® 12 1 o
3-2-4 ;8 5% 4

AFT G RGED F RIRRIR R AN P
LR AR BT RIS+ NS P
5 B % 210kgflem® » H 3Fimfeit B F 0 dedk 3.1 47 o ARG EE pFE (F 15x30cm

R ER T AR EY AR
BRI E 1A K RRFRR

<y
~my

\fm

AR %%«” T2 AFARBAETTPHEE R 4ok 32977 o I AREKR TR
FUR G R SR RS SR e i -
3.1 RzE3 et £ (f=210kgf/cm? )

SR W L L e g (kg/m3)
W/ (C+P) K Kk | %E B | e | R | S E R
0.58 184 227 65 32 908 910 3.89

(+F 3§ g 52)
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