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ABSTRACT

Experiments were performed for the real sized 12 reinforced concrete columns of 350 x 350 x 3360 mm with normal
concrete in order to observe the fire-damaged behavior of these columns. Columns were heated according to the ISO
heating curve. Main experimental parameters were: magnitude of axial load, heating time, cover thickness, and
eccentricity. Effects of these parameters on the axial expansion and contraction, rotation, buckling, ISO fire
resistance, and structural stability were experimentally quantified. It has been observed that the contraction rate of
axial deformation was affected mostly by the duration of heating time and buckling of reinforcement or member by
the magnitude of axial load, duration of heating time, cover thickness and eccentricity in order. Based on the
experimental observations, ISO fire resistance criteria were qualitatively criticized.
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Table 1 Mix proportions of concrete

Unit weight of materials (kg/m°>)
25 mm
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(96)](%) | water| POrtland | fly ash | (specific gravel | AR

cement | cement | gravity (Spec.lﬁc v&éater
2.60) gravity |reducer

2.64)
51.2|149.8| 140 315 27 913 893 1.71
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Fig.1 Column test specimens and their loading schemes
Table 2 Experimential parameters of the column specimens
Loads Heating time (min)
Cover thickness Eccentricity , .
No. N
o ames (mm) (mm) szilNl)oad F %\]flc\}n_ler?lt) Planned Exposed
1 RC4ES1 40 35 372.7 0.17 13.0 60 60
2 RC5CS2 50 - 372.7 0.17 - 120 120
3 RC4CS1 40 - 372.1 0.17 - 60 60
4 RC4CL1 40 - 637.4 0.29 - 60 60
5 RC4EL3 40 35 637.4 0.29 22.4 180 140
6 RC5EL3 50 35 637.4 0.29 224 180 180
7 RCACLIn 40 - 637.4 0.29 - * 207
8 RC5CL2 50 - 6374 0.29 - 120 120
9 RC5ES1 50 35 372.7 0.17 13.0 60 60
10 RC4CS2 40 - 372.7 0.17 - 120 120
11 RC4EL1 40 35 6374 0.29 22.4 60 60
12 RC4CL2 40 - 637.4 0.29 - 120 120

* Continued heating until column fails by the ISO fire resistance standard

xx P, =0.8(0.85/,(A,—A,) + A

868

s=Ege|EslE| =2F M15H 63(2003)



A7) Q9o 150 71%011 ne Ut
of meE 9o AEe FrI
7) 7ol ERH F 399 MG &
o} 18113+ ol A2 7Tk

ik

Temperature (C)

0 30 60 90 120 150 180 210 240 270 300 330 360
Time (min)

Fig. 2 KS, ISO and ASTM heating curves

Fig. 3 Furnace and a fire damaged column after 60
minutes of heating

Table 3 Results of heating test
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Spalling Expansion 150 stanqard Member lateral
Exposed Contraction buckling (mm)
No.| Name time | Initiating Total Total e Final Directions
(min) time | Location Range time | elongated Rate | Initiating contracted
(min) (mm) (min) | length (mm) (mm/min) | time (min) length (mm)| * % yy
1 | RC4ES1 60 14 surface |400~500 | 60 4.3 0.0717 - - 0 0
2 | RC5CS2 120 10 edge |[700~800| 120 6.9 0.0575 - - 6 0
3 ] RC4CS1 60 - - - 60 4.5 0.0750 - - 0 0
4 | RCACL1 60 14 surface 200 60 1.9 0.0317 - - 26 20
5 | RC4EL3 140 15 surface | 3000 80 19 0.0217 80 54.2 270 0
6 [ RC5EL3 180 7 edge [300~400( 114 11 0.0124 120 4.2 27 12
7 |RCACLIn| 207 20 edge [400~500| 174 3.8 0.0221 174 52.8 178 0
8 | RC5CL2 120 12 edge 600 120 45 0.0375 - - 0 0
9 | RC5ES1 60 12 edge |300~400| 60 3.2 0.0533 - - 0 0
10 | RCACS2 120 20 edge 800 120 13.1 0.1092 - - 0 0
11 | RC4EL1 60 15 surface | 500~600| 60 25 0.0417 - - 0 0
12 | RCACL2 120 20 edge [400~500] 120 4.4 0.0367 - = 30 0
IHE e ME| BELE RC 7189 HE 869
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Fig. 4 Temperature distributions in RCACLIn at
different furnace temperatures
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Fig. 5 Temperature distributions in RC5CL2 at
different furnace temperatures

S=232|EslE| =2F M15H 63(2003)



e
o oy
oY e Lo

o &2 off

34.1 =38

1) RCACSI vs. RCACL1L
B Omme} 1A 71EE AgA7E AR ge
BF5(372.7 kN, 6374 kNS e 7otk T XA
B oo g dAsigi o nuy 2
< RCACL1S] 7, 1 53do7) g o
HAtHFg. 6). ey Hudy & =S
RCACL1Y] 7%, 715 S tiste] 273
Yatzol 6mm TAIS N Table 3). RCACL1Y] A
ISO WsprlEe wiEsiloy 724 75 Bi3

42 MY 2+ 9ok

==

=

e A orlr
A
125 L)

)
X
il rlo il to

ol
jo

o

2) RCACS2 vs. RC4ACL2

HEEA 40mme 247 7FE3 A7) HE te
SOF5(3727 kN, 6374 kN)S e ZA$olth oo 744
g 7R 2 k5 W RCCL2 A8AY =
o] RCACS29] Z-¢Rt} A #AHUL o & 4=
W2 RCACL29] A%, 715 ASwskl disled 2z
o2 3F 0mm FAHHTable 3). o 7159
¥, ISO Waprleg st +24 715 BEA A

2 Mg 3 4

o ox

o I of

ofk

,d
M o

3) RCECS2 vs. RCACL2

I EFA 50 mme} 2417+ 7193 AFA7 MR e
8153727 kN, 6374 kN)S Hre 73golth. 9o A4S
S} v R 2 4588 whs RCACL2 715 A18A9
o] RCACS29 745y} 2 5307} 27 )
Atk °l& 71559 Aol Ao} RCCS24 A
¢ 69mm, RC5CL29] 7% 45mm st 1] &5777}
40mm?! 71559 BFdol( RCACS2 : RCACL2 = 131
mm : 44mm)ol| Hlgte] T Fo|rb wlkdEtA HAYsIAE
< ¢ ¢ vk RCXL29 715de o] wAlsix] &
Sk K Table 3) o & 4= ¥& RCCS2Y) A9
o #FZo] 6mm HE LA RCICS2 7159
A, 130 715E gy 124 7)5e BRA A s

ZHASkT & = Slok

4) RC4ES] vs. RC4EL1

HEFA Hmmo] 1 1A 7188 A FA7E Az g
Z3F(327TEN, 6374kN) 2 HAEZ(I30EN - m,
RARN-m)e We Aot Z gFHS =
RCAEL] Al@AS] A9l 1 s3g4dol7t 2 #3299
om F AIGA BT Aol BAHA Yokt wel

SEHE Q2 dE3V| BSZT RC (59 /s

A FolA dEzAd tsld T AYH BT T2F )
T &4 glol I AsS Frstw ik

3.4.2 7FEAZE

1) RCACSI vs. RCACS?

HEFA Omm, T4 F3F 3RTEN & = 7)%0]
IAZE 9 2712 7HEE A9olthFig. 7). F AgA 25
ARte] At wet A&Lgo g o] A&Eglont
FAe ol AT o] FRHA eght) wEbA
£ AgA9 A4, IS0 7]50) w2 247k Ysiss 3
B3I gl B ofe} FoiRl dhFol thdk A9 o
A% st gloka daEr)

.2) RCACLI vs. RCACL2 vs. RCACLIn

AEFA Omm, FAEHE 6374 kN & = A3A
142, 2A1ZE 83 IS0 715 wE wake 34o)
dold W7kA 7tEd ASolth BE A$ /MG F 24
b A3 A7k B AckFig. 7). A18A RCACLIn ¢

1o, it

o Y

$, Fhazie] 242t 542l o127 38mm Aol
g HAhgolz 3ol AL 7EAH Pkt 538 ol

o% F4¥ 3o ST RCACLIn A A
$, #5WsE 28mmzA A%4ALDo) 38mmu)

oy O

-
E N =)
—

m)
0
by

\2
D
Q
24
N

Axial-deformation (m

Tirme (min)
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different heating time
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Fig. 8 Buckling of fire—damaged column of
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344 #HA
1) RCACSI vs. RC4ES]
9EFA 40 mmo] L

ANEA B, 7HE A F

WA He F3% £r A4S

e 7159 SR sS vlaskiith. RCACS1 RCAES]

49g

TR 47t

%2‘01 A&459rHFig. 10, Ho BPdele 4% 45
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Zi‘ﬂ TE2H Az &
(Table 3).

2) RCACL vs. RC4AELL
B4 40 mme]iL

Axial deformation {mm)

Time (min)

Fig. 10 Time vs. axial-deforamtion curves with and

without eccentricies

Table 4 Summary of relative effects of main parameters

& Wi 7% SeAES sEsidth ROACLL A19A
o %%, A Aok 19mmEA HZo] WA
U, RCAELI A9AE FRE b4 Hof 25mm B3
FHI FaEe #RHA Skt Table 3). 4 7FEAIRE
PIREEeRe B4o] Fad] mXE GEe Hlomita 2

% gk

ﬂ—'

3) RCACL2 vs. RCAEL3

I EFA Ommeolx Hud 2 Fei5 2 AT
T2 715S ula, #Fegih RCACL2 AdAS] 74,
7t AR & @Rdols 44mmE . AEH oM
RCAEL3 Al@AY Zfelle 1AF 0% 5 A 19
mm FFA7t o] F 5ol JPHAFig. 10). F
slFol 2 Afols WRHPL Hadel AAHUH.
RCACL2 A A9 ol 2/} 728 a50] WA
34 @stort RUEL3 A @AY ZB5dle 1M7E 08

ZFkste] of 60EZt H28mme] HAT F5o] WA
ok RCACL2 A1@A S A-oll= A=1gdel dgd A
oz 3 gl diste] 0mm A=Y FHF Y| ¥
Astgith. RCAEL3 A18AS] gz 7HE 52X 0
ol ol22 23l Eﬂ?iotﬁ o “H g e 2710
mme| A4 FZo] LAEUTHTable 3). WebA «41
o] 0mmd] Hl F HA ﬂv% e gAY A
dl= g3 Falsts e A4de g IS0 7]—r°ﬂ
AT A 2R 0% Heles FAgh AdE &

Specimen numbers (percentages)

3 )
Parameters Initial spalling | Expansion rate | Contraction rate ISO fire Buckling (%)
(specimens) (%) (mm/min) (mm/min) resistance (%) [Reinforcement Member
Magnit No. Qf Small | Large Small |Large| Pass Fail Small| large
Tyves |60 speci | No | Yes 1(<005) S00s| No 2ol Son|(=336)|@336>)| No | Yes | No (=50 ﬁ;i?
gl oa |03 |20 w00 123 MR jiastof o [1310] 2 1310 2 |
11\5231 (25)%x | (75) (25) 7 | 100) (100) (75) | (25) | (7B) | (25)
(RN) | 6374 | 4 C lag1112]a81112 4’%2”’ o sz | 811|412 | 811|412 |
’ (100) (100) (100) (100) (50) | BO) | (BOY | (BOY
) 5 3 411 | 411 3 3411 _ | _ 341 | _ 311 4 [311| 4 | _
333) | 667 | 66 | (333 | (100) (100) (66.7) | (33.3)| (66.7) | (33.3)
Heating | 2 ” 11012 | 10,12 1012] _ | _ w0121 _ |10 ] 12 ] 10| 12] _
catin (100) | (100) (100) (100) G0) | 50 | G0 | 50)
(hou) | 3 ) _ 5 5 _ 5 _ 5 15 | _ G
(140)* (100) | (100) (100) (100) (100) (100)
In ) B 7 7 T j j B 17
07)% (100) | (100) (100) (100) (100) (100)
0 | 3 11012 1012 1 L1012 ~[t002]  [nwo| 12 [0 12 |
Cover (100) | 661 | (33.3) | (100) (100) (66.7) | (33.3)| 66.7) | (33.3)
(mm) [T, | 289 8 29 |289| 289 | _ 8 29 ] 8 [290] _
(100) | (33.3) | (66D | (100) (100) (33.3) | 66.7)| (33.3) | 66.D)
ecentri] - 5 3 812 | 812 3 [3812] _ 3812 | 38| 12 | 38 | 12 | _
! (333) | 667 | 66.7) | (33.3) | (100) (100) (667) (33.3) (66 7){(33.3)
o | 35 | 3 | - | 186 | 56 1 |16 5] 16| 5 56 6 | 5
(100) | 66.7) | (33.3) {(33.3)](33.3)](33.3)| (66.7) | (33.3) (33.3) (66.7) (33.3) (33.3)](33.3)

* Values in ( ) are real heating time(minutes)

ELERERE

| BELE RC 7182 s

** Values in ( ) are percentages
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(a) Expansion rate
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Fig. 11 Effects of different parameters on different
column behaviors related to the fire-related
damages (continued)
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(e) Member buckling

Fig. 11 Effects of different parameters on different
column behaviors related to the fire-related
damages

Table 5 Relative effects of main parameters on the
fire damaged column behavior

Parameters |Axial{Heating| Cover [Eccentric
Criteria force| time |thickness| loading
ISO fire-resistance _ o _ 0
criterion
Expansion _ _
rate 0O 0
Contraction | o B 0
S tructural rate
stability | Reinforceme o o 0 0
nt buckling
Member
buckling | © | © 0 0

* Correlations are observed
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