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The Experimental Study on the Resistance Forces and the Failure Temperatures of
H-Shaped Steel Compressive Members by Elevated Temperatures
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ABSTRACT : The object of this paper is to perform the experiments to investigate the relationship of the resistance forces and
the failure temperatures on the failure behaviors of H-shaped steel compressive members. H-shaped members(SS400) were
used for the test models and the tests for the elevated temperatures were performed by ISO 834 in FILK(Fire Insurers
Laboratories of Korea). The local, overall buckling stresses and a yielding stresses for the failure temperatures were compared
with the compressive stresses for the loading forces of test models, the yielding strength and elastic modulus reduction factor
of the steel at a high temperature were based on the criteria of the EC3(Eurocode 3) Part1.2(1993). The slenderness ratio
was fixed by 45.4 and the compressive forces corresponded with 50%, 70% and 80% of the yielding forces at the normal
temperatures were chosen for the loading forces of the test models. The failure temperatures of the test models were
investigated under three kinds of loading conditions. It was known that the resistance forces have come close to the yielding
forces, not the elastic buckling loads evaluated by EC3 at the failure temperatures obtained from the tests which are related
to the failure temperatures and the loading stresses.

KEYWORDS : overall buckling, local buckling, yielding strength, ISO 834 standard fire, fire resistance test, failure temperature

1.M B aey e ARt mor 2uvh Al e A
B9 7t 9 B2 7o AskET)

A% Fx Q52N 7l Z32E g 2 =(Strength) A FEAEE A2 o] 350TAA 67%%%, 60
o} 7P (Stiffness) ol $78 AE2A 37] @Folghs Al 0Tl 50%0l8t2 Aate]7] o] Zzme] Wil o]
T Fog AW g ohe} 2 HIwek M E A 23 BAR gz
el gl AgFseo] 943 124 Ao AYx i, g vt AFY Uisk AlAele 8 P2 RAE

1~3AA] gl S3o2 T, 371 don, UFE
S ke 5T s ) 7 402 454 1 118 S0 2 24
%, 2012 revised March 7, 2013: approved on March 26, 2013. S8 Ass A5 Sk, Whe 2 d5e de

© KSSC 2013 H-37% 7l?r4 e AR sde Yaf EC3 Partl

2 BANE ZAZ NS 438 A4S ANEIn?, 7

AY 5L H-beam® =A% e 83 33} oy
A7

* Corresponding author R
-
SZ2 VULCAN Za3og a4l o & AAlst

Tel. +82-54-271-2320 Fax. +82-54-271-2323
E-mail: iwishmeluck @naver.com

slaypxsts =27 M5A 25(5H 1285) 20134 42 131



gom¥ prg zo enid M2 H-g7 o i}
@5} 5 RS ] 98 99499 979 gL o | Hinge
)RS AFE g3 don xwowu}

5‘_:.2?} 1977@ Hancockt }2}%01]}“1 Lﬂ 70 0” EH?S} w Furnace

3 = 5 ® i

i—l?_' ‘IHEE“E]:' E"l %_Eﬁ ‘74%6“}’\3!% "Qr‘} -4]':; How Oﬂ:ﬁ g Experimental Body
A2, 19959 Wadee® AN £xg5o] we B3 3 / L Load cel
_E 7 ) PN DL PE | () | I (3,000kN)

: 07091 %T}}%‘?‘ﬂ—}b = -OH 7'01—}.}\‘4 ' - - . S E < : Hvdraullc Svstem
Te)1 Se WYY 6g WasEd o3 Yalis o e
7]'9’]' yd’%%. ﬂ:FLiAﬂ o]%ﬂ -/] SC @7]'6‘-/] 1H§]J‘é‘5 Displacement

N‘cﬂ :.qo]ﬁh _4 7<4-TL ]%_ el 4 01_9_ oﬂ t].z‘;_]_. /\El-?;]'o] Measuring Device
_l_sgg_ n} glg” (a) The experimental apparatus
o1EA wiel ok A4 8 viahget AR 712 A ot BA =8
TF7b FEo] gtoy} B =Re ewakia] H-87 d=A) o5 300 25
o Wl shlend WAS Bl 9% 7124 A - N—s
W ARS s 2 ol2d 2L 93 B3 7)1z = o
Ag 23e Bas S il
sl Bz A5 dwdow AgHe DU g ® 5
_ 3|
A AR SSA00 H-E7 dEAe Ae EE e 3% 3| 3
F2 Adsla ol 3 Y Lxs Frisly] g Ade 150 | 150 | 150
AN A TA(FILK) oA a2k 450
49 2% HReEE RC3 A 488 A B (b) End hinge detail drawing
Qo) 22 9 AAHZ AR, FELHR Ao ELUE sed Ams (© :
- _ . B ®
& vlskieh. At SR Wale) e A@Ae) ot B csomes
Tens Agdor W B4 AR 8 & T =
ook dzd 289 & 9 B3 /129 A% e e J ’ 3
= 93 7|ZARE AXske e HAHoR sta gl sw: 8
36043604507
. . ) _ o g e § g
2. H-8Z Ao 2450 o8t ut7| 4 Rk -
o | HEZ: e
4604460450T 300%300% 10415 @
2.1 ARl AR Y ABiAE srpogr || P e
By 2
] 3 I o
ARAE $3400¢) H3oox3oox1ox15oﬂ 4 A g /327\6 =
- - 0 el
AlgAe] Zole 3,410mmE 3eH, & 374 AFAS o]
2] toe] w3l ZF A EAEE % L ookzgo 9 T .
A7, A, JaAE = Ho}ﬂ U = (c) Manufacture drawing of test model
HEAQl FAAe] HHE 1fste] o8-8 =AM A9
Fig. 1 Overview of the experimental apparatus
Table 1. The plan of test models
Test Planr;edﬂ Comp. Member Yielding Enﬂd. Thermo- P%g%;f? Predicted
Models orce Length Strength Sppm. t}ng couple Yielding Time
P(kN) (mm) (MPa) Condition Mounting o
Failure
A(S-2) 0.5FyA 590C 24Min.
_ . 15 y -
B(S-1) 0.7FyA 3,410 235 Hinge Points 520C 8Min.
C(s$-3) 0.8FyA 480C 12Min.
132 stzzrzss =278 H5A 25(5A 1233) 20134 4%



o gl FEATS o T0%E VTR e FELE
o] 50%9} 80/01] 5““5]‘— 3EFY d5ES AHsl] It
Y2k 3 FEAFS AoP|Z Attt 18a AlEA
of YA =g S| -45} { Aol Fig. 1
(c)9} o] AXg AIFA9 65w
I FdA, AEZY|E 7—}71 37HE dx]ste] & 1570
of Aol g F2stt. AdA Alg Table 12 2t} 3
51| d3eie AY 4E3EEY EC37IEY 3589
7t 59 W] £=E ofngith. a2ja AlEAY Bd &
e A" 4589 7] £o2 529 AFAE A(S-2),
S-12 B(S-1), $-3& C(S-3) = HHYsl7|= gt

l

22 71 Y JiAE

AlEA] 719-E ISO 834 E=aAo 2A 38k 71 =g
LEE ARl A8 FYsIith. KS 2= F 22571
o ZHAZAHE A (1)2A, ISO EF3H A9 71947
%%la‘q_[ 0],(11 J.

T= 345log,,(8t+ 1)+ T, (1)

oq47IM, T 7R YR Haek (0)
t o ARE
T, : 7] % (C)

mi}é@[m,[m, 13% zx §}ZH /‘]Zl‘ <
Time-Temperature Curve)ol &3] AZES] F2FA=
N ZoAM FEsA] FAo T Azl AZE 2] S
7F2% (Fire Severity)oll 250 &€}, & A+= Wish
AlZbRe T gEe] gle HERAY st 3 2
£ Wkle SAolnw HF AR 3 2= 54
AE ool gle Aoz dAddit ugA rfEdEEEs
ISO #EsA AlRMEA Yol dAe 71 Sref 57}
A A= Agsiglrt. & A9 Alste Fig. 1(a)9
ol 71 shte] fet AR (HH 454 3,000kN)E ©]
g3t 7HEEI A, AARAE Fig. 1(b)9 2ol 360° =

Hgol| A '}leéoﬂ thete] 15° 2)7o] 7hsdt AR &

E} wHld /\lfﬂiﬂ—‘?« 1Az} /A5 o
rAsion, dHT A=l At 2

‘ m>‘
:&
ui ﬁ

Eield 7idste] &=

339l e AT 2 RS &

%
aitk. Fig. 2~Fig. 4% 7 A@AY 4% e 1
L 9l

Fig. 4 The failure mode of test model C(S-3)

PN

I

H25¢ 23

(=2

233) 20134 44 133



Al ZEMEH . I7:|I7(|.|o_|1

=
—‘-l - o o T

o

2.3.1 AIEA A(S-2)

Fig 5b AlEA A(S-2)E 6528 2 91A]dl F-2et A
o]z] 37} £o] Groupl® Edstw 719 7 2 Group
9l Edlﬂ Aol Hagzele] #AE Vel Atk &
K25 Group 1, 3F+7} Group 52 #7|=] 3719 %
TEEE oustal, Average= A Alo]A|9 VéﬁLE%
yepdth g2]a ISO-curves #F S A =34E
Ve 2 gl

A B(S-1)& %+ 3 AlZ-2=3pAlof ulet 71E st
A(S- 2T

¥
3

GOt NBA A2 ABA LES FEHE dale] B
F ) A-eERNT) g Sug Sl gn . 2 A
Fe WAISRe A4 Aol glo] shlew 540]
2ajole] 7jdZ hrew 2 AP ex BT O3 @
538 2r08 NS A A =S sk

Fig. 5= G4dl AelA] ¥ HdEs UehlH, 35
1200
Group-1 ==¢=
Group-2
Group-3
1000
Group-4 —e—
— Group-5 ==e==
N 800 Average
Vv ISO-curve
N
§ 600
§
S 400
200
ok
0 2 4 6 8 10121416 18 20 22 24 26 28 30
Time (min)
Fig. b Thermocouple gauage's average temp. of test
model A(S-2)
30
Specimen-2 ——
15
-~
I
~
N
§ -15
~
§ -30
-45
P 3
-60

0 2 4 6 8 10121416 18 20 22 24 26 28 30
Time (min)

Fig. 6 Time-displacement curve of test model A(S-2)
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Table 2. Loading comp. force & vyielding stress in the
experiments

Planned | Measured | Loading
Comp. Comp. Comp. Planned
Test Force Force Stress | £
Models P, O,
0 P o, 7
(kN) (kN) (MPa) !

A(S-2) 1,400 1,407.7 117.5 | 1.01 0.5

B(S-1) 2,000 1,970.7 1645 | 0.99 | 0.7

C(8-3) 2,300 2,252.2 188.0 | 0.98 | 0.8

Table 3. The failure temp. & stress of test models

Thermocouple Guage
Total Ave. Failure
Average Temp. & Stress

Thermocouple Guage
Groupb Failure Average
Temp. & Stress

Test - -

Models| Failure Failure
Ave. Uyoﬁ 01)9 Ave. U'ynb‘ 01)9
T'?%I))-- (MPa) | (MPa) T?%lil (MPa) | (MPa)

A(S-2)| 617.6 | 100.8 | 38.1 | 556.6 | 142.5| 60.9

B(S-1)| 619.5 | 99.7 | 37.6 | 519.6 | 169.4 | 76.5

C(S-3)| 556.8 | 1425 | 60.9 | 479.0 | 186.0 | 87.5
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0,00 - Yielding Stress from Failure Average Temp.
* Propotional Limit Point from Failure Average Temp.
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Table 4. The comparison of buckling & vyielding stress
from failure ave. temp. of guage group 5 (Uint : MPa)

Loading Failure 000 Oewd UcfQ Uon
Test | Comp. | Ave. | p o, o
Models Stress Temp. ( of ) ( ewb ) ( eff ) ( yol )
O, (OC) Oc O Oc Oc
A 274.2 | 378.1 | 237.3 | 100.8
(52 | 172 | 61161 (550 | (3.23) | (2.02) | (0.85)
B 270.7| 373.2 | 234.0 | 99.7
(s-1) | 1645|6195 (160 | 2.27) | (1.42) | (0.60)
C 429. | 892.2 | 371.2 | 1425
(53) | 1880 | 9568 1908 | (3.14) | (1.97) | 0.75)
Ave. 598.0 | (2.08) | (2.88) | (1.80) | (0.73)
0. - Compressive Stress,
0,9 - Elastic Total Buckling Stress from Failure Ave.
Temp.,
O.wo - Elastic Total Buckling Stress of Web from Failure
Ave. Temp.,
0.9 Blastic Total Buckling Stress of Flange from Failure
Ave. Temp.,

Oy Yielding Stress from Failure Ave. Temp.

Table 5. The comparison of buckling & vyielding stress
from failure ave. temp. of guage total ave. (Uint : MPa)

Loading | Failure| o,y | 0,09 | 0. 10 Tyon
Test | Comp. | Ave. | o o o

Models Stress Temp. ( ol ) ( ewl ) ( efd ) ( yol )

O, () O¢ Oc O¢ Oc

A 4295 | 592.2 | 8712 | 1425
(s2) | 117:5 | 956.6 | 3%5y | (5.05) | (3.17) | (1.21)
B 534.8 | 7375 | 462.3 | 169.4
(s-1) | 1645|5196 | (5o | (449) | (2.81) | (1.03)
C 609.5 | 8405 | 526.9 | 186.0
(g3) | 1880 1 479.0 1 393 | (447) | (2.79) | (0.99)
Ave. 518.4 | (3.37) | @67 | (2.92) | (1o7)
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