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Abstract - In this study, three representative methods that can be used to predict the temperature distribution of unprotected CFT
columns under standard fire were evaluated based on recent large-size testing data. Among the three methods evaluated, Koo-
Lee-Ahn’s method (2013) was most versatile and provided most satisfactory predictions, with its prediction accuracy being im-
proved as the fire exposure time increased. For the standard fire exposure of 180 min, the plastic compressive strength of unpro-
tected square CFT columns with a width of 700 mm, 1,000 mm, and 1,400 mm was calculated to retain 39 %, 44 %, and 47 % of
respective cold column strength. The reduction of the plastic compressive strength due to inelastic buckling was just moderate
(about 10 %) for a slenderness of L/D = 5.0 and an effective buckling length factor of K= 1.0, and almost negligible under the same
condition with K= 0.5. With adding 6 % fire reinforcement, the allowable load ratio was increased to around 0.60, thus indicating
that unprotected fire design of mega CFT columns is practically feasible. The results of this study can be conveniently used when
implementing the performance based fire design of unprotected CFT columns under the framework of simple calculation method.
Keywords - Unprotected fire design, CFT column, Temperature prediction, Standard fire, Simple calculation method, Performance

based fire resistance design
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Prediction of temperature distribution of
CFT section
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Advanced heat transfer analysis |

Simple method

Evaluation of axial strength of

Lawson-Newman (1996) ‘

Koo-Lee-Ahn (2013) |

Simple calculation method

CFT column under fire

Plastic resistance to axial compression
under fire (Nﬁ' o, )

Effective flexural stiffness ((ED); )
Euler buckling rod (N .,)

I

Relative slenderness ag)
Reduction coefficient (x)

Fig. 1. Procedure for calculating axial strength of unprotected CFT columns per Eurocode 4: Part 1-2
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Table 1. Multiplication factor C;

Diameterorsise o | Difance ofcener oy
square section
(mum) 10 | 30 | 50 | 70 | >70
200 1.08 | 1.22 | 141 | 1.60 | 1.80
300 1.05 | 1.14 | 1.22 | 1.36 | 1.50
400 1.03 | 1.09 | 1.18 | 1.25 | 1.35
500 1.02 | 1.07 | 1.12 | 1.18 | 1.25
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Table 2. Temperatures of infinite concrete slab exposed to the
standard fire from underneath

Distance of center of layer

itz from out surface (mm)
resistance .
(min) Fire (T) Tia (°C)
(O | 10 | 30 [ 50| 70 [>70
30 840 470 250 140 100 70
60 945 642 | 421 | 250 | 150 | 130
90 1,005 738 | 519 | 345 | 245 190
120 1,049 850 | 591 | 415 | 310 | 240
LN1996:Z S leEAI7to] 12082 Z25HAY 7|6 &
HEo] 500 mmE 2 oh= 9ol tisiM= ASEHA &

oLt} ek 232)E 20017} 70 mmE Z3sHe Qole] &
ERES FU /ole] GriEo] AASE LERE
2 8470 2 APYSH B 9AS 7t
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2.12 7-0]-9K2013)9] T E I A4 4]
Koo et al,o] Aot L= B3 A1 4](0] 5} KLA2013)2
3 CFT @ 9] 22 Frgafalof 7]xst0] A|A =
0. 7pe) SEREE TN R HYY A0 1Y
o, 2 W- QRO 25 6, 0= 27 S 9 T
Aol tizt ehr2 A XIS
91' = ali(l - azit)eg (7)

90 = ala(l - a20t)9g (8)

714 0= BALE, 1= 7hake] Sl mm)olH, w4
2= ' Table 39] ZHS AREFHTY.

Table 3. a; and a; at different fire-exposure times

Fire resistance
i) ai; Qo Qaiy Ao
30 1.0 0.75 0.015
60 1.0 0.85 0.005
90 1.0 0.90 0.002
120 1.0 0.95 0
> 120 1.0 1.0 0
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Retangular
CFT section

Equivalent circular
CFT section

Fig. 2. Conversion of rectangular CFT section
to equivalent circular CFT section
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Fig. 3. Effective length factor in braced frames
as recommended by Eurocode
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Fig. 4. 1,400%x1,400 specimens: section dimensions
and arrangement of thermocouples
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Fig. 5. Test specimen 700 mm x 700 mm
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1,200
1,000

800
600
400
200

0

—o— Test
—e— LNI199%6
—e— KLA2013

Temperature (°C)
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(f) Fire exposure 180 min

500

Fig. 6. Test specimen 1,000 mm x 1,000 mm
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Fig. 7. Test specimen 1,400 mm x 1,400 mm
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L= ThEE 700 mm, 1,000 mm, 1,400 mm A1 $=Adj
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Table 4. Ratio ofNﬁvp,_Rd(KLA2013) to IVf,'_plde(teSt)

e FR (min)

(mm) 30 | 60 | 90 | 120 | 150 | 180
700 0.750 | 0.738 | 0.833 | 0.888 | 0.888 | 0.880
1,000 | 0.697 | 0.834 | 0.925 | 0.940 | 0.943 | 0.961
1,400 | 0.757 | 0.791 | 0.905 | 0.953 | 0.981 | 1.018

322 AUSAE FA HE

Table 5% ™7} CFTO] AL UEFE (Nours) THH]
KLA2013 2 & AAFeE 12 A ASH T (Nipira) 2 1SS
SHLeEAI T ARA 9] ] wet Yepbd Zojoh
(Nipira/Npira). SPAE=ZA7E 12080014 |7} CFTY] &4
7% 97 Bl TEZE 700 mm, 1,000 mm, 1,400 mm 21
BIA| AR 44.9 %, 47.3 %, 48.7 %= 7H4A6FAT, S
Z A7 180E0)| A =139.2 %, 44.4 %, 46.7 %= 745 Tt

Table 5. Ratio ofNﬁvp,_Rd(KLAZO13)/N,,1'Rd

e FR (min)

(mm) 30 | 60 | 90 | 120 | 150 | 180
700 0.666 | 0.515 | 0.479 | 0.449 | 0.420 | 0.392
1,000 | 0.695 | 0.525 | 0.494 | 0.473 | 0.455 | 0.444
1,400 | 0.757 | 0.536 | 0.504 | 0.487 | 0.474 | 0.467
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331 2F=E 1T A E v

R

|7} CFT 7]5-9] 749 @Zo] AdutARl 7]5of vl
A7) 2ol AT FAEY 18 340l 7]
o} Fa3 IA &2 AFTHA| X 7hs/do] EAR
bAoA faFEdolY F =
1.0 250f oA L2H=ZHEE AKX F 1|7} CFTY
Fo & WA 7hs8= B7tskith

3.3.1 §AFHZZ01dE 7} CFT 7159 124 %

Table 6= 3] 4 G35 -F-2|5HA| Hol-fazl=4o]
£ 0.52 & 9 W7} CFTY A2AU=7 = (Npira)
ou] KLA201320.2 A4S 312827 (Nyira) Q] B &S
S S A} A E A 2] ThHZ o] wheh Urebd Zoloh 4
o] a7+E 11Esto] AR|(7] A ol/dHFE) = 5.002 F
ik ©EZ 700 mm, 1,000 mm, 1,400 mm A A] <=A]th
2 S LZAIZE 18050) 4] 515H] 38.6 %, 43.9 %, 46.2 %
£ ZH5k= A0 & YET

Table 6. Ratio of Nj zg(KLA2013) to Ny za(lg=0.5L)

Size FR(mll’l)
(mm) 30 | 60 | 90 | 120 | 150 | 180
700 0.666 | 0.515 | 0.479 | 0.449 | 0.418 | 0.386

1,000 0.688 | 0.520 | 0.489 | 0.468 | 0.451 | 0.439
1,400 0.749 | 0.530 | 0.499 | 0.482 | 0.469 | 0.462

Table 7= 9] 27004 I 14 SI= E25HA Kot
FRSIZHo|E 1.02E 51%1S W& yehd Aol ©H
= 700 mm, 1,000 mm, 1,400 mm A A £AHE S
ZA|7F 180800 A 515H] 34.0 %, 39.4 %, 42.1 %S SHS
= A0 E YERT AR 18022 7|0 R s
0] Tables 6-701 4] 1% 4= Ql%0], R RAZHO|AS K=
0.5 9 1.00] W2 12 HZ7 2] Zol= 10 % HelZA 1
g AR = g2 A0 E Helrh

Table 7. Ratio of Ns zs(KLA2013) to Ny ra(lo=1.0L)

SiZG FR(mll’l)
(mm) 30 | 60 | 90 | 120 | 150 | 180
700 0.631 | 0.477 | 0.439 | 0.404 | 0.371 | 0.340

1,000 0.656 | 0.484 | 0.451 | 0.428 | 0.408 | 0.394
1,400 0.721 | 0.496 | 0.463 | 0.444 | 0.429 | 0.421

8 =t =2 A3 A1 2 (S A170%) 20214 2

3.4 315 B0.E AT s ALt

|7} CFT 7159 49 15 AE9] 8 +2 FA=A]
ARl 7S H T 2 S5t 1WA H ol skRl7H=A
AAE 7Fs/d0] At SHl=E ARt 1803200 A 7} CFT
7169 A2 E(Nira) 7t 22 UELENoira) D
60 % =7HA] HEEH T EWSHEA 7L 7Rs e Ao R
71Hgsto] oo F Q3 AH|E AL E QLT Ao 2%
L2 A9 232 E %9} F Uitk 75T

T30 5 w7} CFT WaHd & A, T %700 mm ©]/3-9]
H7}FCFT 79| 73-%-&=L2] E £1°] 70 mm °]Jof A= 3t
A= A7 1802014 271400 °C ofst= FAI == A
O = yebgth 7k H29] B 400 °C7HA] A=
E3T0] A7t glo] A Alite] 7hs s = w7} CFT Wi+
£32E Z]0] 70 mm o] H-Z sk thFig. 9 &
11). Table 82 Eurocode 4: Part 1-2, 4.2.3780f| A A A5t =
A FHIE aEsto] U] pE 6 %E FS W #7FCFT
O 2 USHAE(Nyire) THH KLA2013 0.2 ARE 11
2227 (Nira) S HlE= AAFRE 2ot Webd o] &
E73 =500 MPa, B9 A|4= 200,000 MPa= A 4513t
o] 7% SR A|7H 18080 5H5H] 2F 60 %S SHEof=
Ao= vefit,

Fig. 9. Placement of fire rebars for unprotected
fire design of CFT columns

Table 8. Ratio of Nj zs(KLA2013) to Ny za(p = 6 %)

K Size (mm) | p=0 — | p=006
700 0.386 0.616

0.5 1,000 0.439 . 0.641
1,400 0.462 0.654
700 0.340 0.577

1.0 1,000 0.394 . 0.613
1,400 0.421 0.631

Fire exposure time: 180 min, L/D = 5.0
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Aol A= 1|7} Ful & CFT 715 #2541 glolH

[9to = J-5oflA] g 8] AR&E 0] Lawson¥} Newman
HFH(LN1996)3} Koo et al.of 23] FuUjof A =20 74
? ZE9SH(KLA2013)2] 412 =5 B715t ATt Eot

B2 A|710] T 67} CFT 715 2Afe] Teai7s
U NRATYEE BAsto] Tl HshaA] 1d s
e FESGIh £ 470 AnE Aok theat 2.

(D

@

(©)

4)

7159 SHEI} AFElo] BE SRS A oA
KLA20130] LN1996 .t} A&t 2= & of =519
o, 7 A= S E Ao DojdpE St
Skl

Eurocode 4: Part 1-29] S 7| % 1273 % A4t
Hol| 7hketo] AFA S, LN1996 &2 =,
KLA2013 &2 22 ET| &2 AP E 12449
A 9 127 e & H| Wkt WA 12
FEFATo] A= KLA20139] &2 5
QF Z10] LN1996 cfl&-2 = & ARt A Th A%
Sgkol o 26t o, shfjieEAI7o] 4o
E A7) =759t KLA20139] 1244
SAE A& A= S AR 1208 0| & &
HZ 700 mm, 1,000 mm, 1,400 mm A& ] A=
88.8 %, 94.0 %, 95.3 % o] A0 & ey o Tho]
255, S EAlZto] Aol = F76 i
|7} CFT 715-9] A28 = tiH] A=/-AH&
2 THAZE 700 mm, 1,000 mm, 1,400 mm A3 o]
gl 2+ SE=Z A 7 120500 4] 44.9 %, 47.3 %,
48.7 %, SHIL=ZAI7E 180501 A] 39.2 %, 44.4 %,
46.7% 5O E FA =it @ Fo] AdSE 5}
AeEA7Ee] FS7tol| e FEAoht v o

[T
o on

% M o
2 4 2

Q.

AP (7152 ol/dEE) 5.007 thsf S EAIRE

9 o] M2 1ed2tE s Adas. 3
A 74 BI1E SelelA) Mok S ERB Lo AR

0.5%2 & 3= K=0.5) THZ 700 mm, 1,000 mm,
1,400 mm AYA| A HE S =E A1 12048
S1H]44.9 %, 46.8 %, 48.2 %, L= ZA|7F 1805
ol 5154 38.6 %, 43.9 %, 46.2 %= Atl= Ao &
YT & K =0.591 39 2= AEstegte

o)
P

3

Hol

o83 - ROl - AI5A - Tk

[o)

TLAHASAE el FEA} A0 A
.

6) oA & 8aE A A Bl gaf=dol

$E 1092 & FHZ K = 1.0) D= 700 mm,
1,000 mm, 1,400 mm A @A A2 SHHLEAIZE
1205-0]) 3FEH] 40.4 %, 42.8 %, 44.4 %, SR L2 A]
71 1805-0]] 51&H] 34.0 %, 39.4 %, 42.1 %= 1 5}
= A0 = Yegth

(6) APHI(7]E 2ol ) 5.0 =2 w7k CFT 7]&

O] AL Y LZAIZF 180 7|20 PSS uf, &
FxZZ0l A4 0.5 L 1.00] whE ol5H] ZE 2jo]
E10% W2A 18 A= g2 2 0= Helrh

(7) EZ3H eE A 1808004 2R 27 7=

(1]

(2]

(3]

(4]

(5]

2AUETIE 9] 60 % S22 7HA] SR E= sk e

20| hIEIgIrh. 2 Q17e] Ak gk 7HE A
(simple calculation method)©f| 95t 457 ¥y shd
Aloll &-&7Fs5t
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8 % Z2AFoAE B2 eEE FYE CFT 47|69 REol&o AR & 9= 37HA T E# 4 H2S F ok, 3
<ol =3 E W 7F CFT 24 H|A 571G Al 23S Ed = A2 =5 B7FsHlth. 71-0]-2H2013)2] B o] Lawson-Newman(1996),
Wang(2002)2] ¥iof] v] 3 2-81 9)7} 5 1 o] & 9] A= Bt Edth 1 AS == S e EAtto] Zojd 45 F7hstlth ¢ E
700 mm, 1,000 mm, 1,400 mm |7} CFT 7]52] 180& EE3H 1o $9] T 2AZUETTv 242 A273E9] 39 %, 44 %, 47 %
$Z0 7 SR QI 12049 S aFZUo|AS KSE H4F 07 1,00 2 7MY &)= A ZE 700 mm, 1,000 mm, 1,400 mm CFT 7]
SAIZH] LD = 5)9] 3H e ZAIZF 180420] thet 1-2R2 7w 4270 9] 34.0 %, 39.4 %, 42.1 % PO 2A] A2 =of oJet
2AJFEATHE 10 % ol ETFSHEHK = 0.59] thet 739 22 204 230 5t AL Aot FAIE vtstth). 6 % W9l
ek A2 vi2okd sksH] 60 % 2] W7HCFT 7|52 Fu B0 8 Wabd A 4= Also] = QI & A9 A= % 7t
Aol ofet A5 7Rt aHd Aol 28755t

Ao Ful R, 2N ESNTRNE, 55, BEMA, ZHEAY, 57 R sHEA
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