Journal of Korean Society of Steel Construction
Vol. 25, No. 3, pp.279-287, June, 2013

DOI http://dx.doi.org/10.7781/kjoss.2013.25.3.279
ISSN(print) 1226-363X ISSN(online) 2287-4054

#HEH FE5rE B2 (FLD) ANl 2

21
=

04 ZE0En HEES

’

g Ao

[l

) st 2 QlpfAL HEOID HBTAIRE

)

Ot

4% A7

3 = 4)
@ o A 2w o

st 9 ma fMciEtm AEZ R Y AR, tiMciEtm AEE st

A Study on the Development of Force Limiting Devices(FLD) which

Induce Yielding before Elastic Buckling

Kim, Cheol Hwan'

Chae, Won Tal?™

Oh, Young Suk’ Kim, Chae Yeong4)

Y Professor, School of Architecture and Civil Engineering, Kyungpook National University, Daegu, 702-701, Korea
2 Researcher, School of Architectural Engineering, Kyungpook National University, Sangju, 742-711, Korea
3 Professor, School of Architectural Engineering, Daejeon University, Daejeon, 300-716, Korea
Y Graduate Student, School of Architectural Engineering, Daejeon University, Daejeon, 300-716, Korea

ABSTRACT : The steel members are applied to high rise building since they have high strength compare to the concrete
member. On the other hand, the elastic buckling is likely to occur in steel member because of their small section. When the

elastic buckling occur, the steel structure lose a load carrying capacity. The steel frame would be unstable due to a rapid

decline in strength by buckling. The purpose of this study is the development of FLD(Force Limiting Device) to prevent a

elastic buckling for a slender member. Further, the behavior of steel structures with FLD would be stable by high energy

absorption capacity. The proposed type of FLD is the type of out-of-plane resistance. In this study, member test and FEM

analysis for proposed type were performed. The test parameters are thickness and gradient angle of out-of-plane plate. The

proposed type may be effective method for FLD.

KEYWORDS : force limiting device, out-of-plane resistance, load-displacement relationship, failure mode, yield line theory

& 2age 5ol ge FeARe v et
sol Ao wroR 2 S ANT & ol 21F
A

=

3T

25, Az gtz S wol Aska it
ol

Note.-Discussion open until December 31, 2013. This manuscript for
this paper was submitted for review and possible publication on
April 16, 2013; revised May 21, 2013 approved on June 3, 2013.
(© KSSC 2013

* )
Corresponding author

Tel. +82-54-530-1370 Fax. +82-54-530-1379
E-mail: cwtak @hanmail.net

ot xes =2 H25dE 3=(&

s Hoh AEAe] SR Z
SHAA ALAY ol e Ha, FRH0RE F2A
A & &35 AN e FxRE0] F= %‘Tjr z=
< A% WEASE wAsks dele AAst FdsH
AAlR] flg A7t Z8si

2 APl AP 2T A g5Ee] A4 o, ¥
Aol 2A-gshe S A7t BAFE S0l Edslr]| Ao
FEIIEE fohe Y SHAT A (Force Limiting
Device, ©lst FLD2}t 3)& Altsted FAl == gt
74 U] At 9 o= Qg FA19 Bt ”L"go}x]
% KRR AsE ote

% she AE AL o A
SEECR

J

2. O|EH u#

21 71Z| gi7

o

A7} FEA0

Ffdde Z7EEe = BAE 4

1243) 2013 62 279



M- AUE - 2FY - 2R

2 Ao} ghon Fr Hyo|2vt AXHE FxE 3lo]
A sk ol Hlolavt & A
< WAL FERAVE AR AFIEE ke A B
Hqo= ﬂﬂ % . %61, Hke- 5(2008)2 HIZ A1k
B HZo] AAEER g apV
= 911, AEH F(2009)2 AAleE BAA] Alo]
&3 AAeE B Alelof v|E-=
o 2H&sh= atgo] Bkl A D‘Wl
Al2E & 7H‘?—a%}°:l F2A BEAS e Ay AP
D}. i%A 5(2008) Z&9] ZHAITE & F
% FE} FAFA Aleld] ZAYEE A
X?ﬂohﬂ AAE Byo]x9] o|gAFd gt
A7P2 At o5 22 AR Bl 2
215 Aol FAE BATORA sz diel] Aaehs
2402 Q77h F8=] gt

99, 9T QB SAE AR FAle) A2
A7) 93l Al B vhEe] 54 Reld) ol B4
dhe 8¢ ARaRe A7t PEl ek Parke(1988)
© SR clfel a3l Eeiae Age
o] FLDE9¢ A7 Y319 oM, Schmidt, L $(1979)2 2%
YA Ejzo] WAlste HIFE wjded o8] Ej=9 Alst
sgo] A A7t Y& AL elstn FA7t F2stsl
THsl7] o)del| HgAQl S f=slke FLDGA|S] 7
g Amslth. Tada, M(1993)= FLDE =98+ )4
W Egzd| X FAlY] AlFeAts: Fab] faE F
Aol FLDE F23t 455 s ZE59] o|HAETS
Mo FHsle] FLDY fa4< 92989 aeu
FLDe| gt A|57kx]9] A+ F-E o|E40= 7185
gtom EAT geo] FLDE 7|5o2 d59 AATE S
st HstA] ket dHAIE 7 Q)

—~rﬁL

T
e
mlmE

—jgiﬁ
_>L

Y
el

hul

I
—

W o o o
0_544:

tlo

S8t x| (Force Limiting Device)9| 7§

FLD 718/4d 2 8518 #AZAL Fig. 1197

o) el ik, agelxe o] ¢
7b @gzkzo] WAel] o|He] FEeles fiol] A=
Ao Qg A% W] Aot A @i A e
E A%ES dte AowA oquA FTede A I
YA "ot webA olgjdl, FLDE 7idste] 4A tigit
29 A|Zoxt @ I zEe] Hyo|Xo| AL3to ] T2
2o] QS Suske Zolot

DO
(00)
()
rot
H
oy
-
2
Lo
Tol
ri
Ho
jial

| H25d 3=(&d

Load
R ,A_
Pl iy FLD member
”'m..., Buckling member
Displacement
Fig. 1 Concept of FLD member
Table 1. Method of FLD
No Feature Shape
P
Hydraulic Theﬂ device P
5 operates by
1 | cylinder ding th t
type exceeding the p
fixed pressure
The device
Material | absorbs energy
2 |deformation by plastic
type deformation of
thin tubes
The device
operates by
pushing or
3 Friction | pulling a metal
type rod through the
center of a four
bladed cutting P
tool
A
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Table 2. Test specimens

Method of FLD
No| Name - Shape
Type | Thickness
2427 [ PIPE
2.8mm Qi
4.0mm e
Out of 8
1| TP Plane <
5.0mm N 0427 /\
T kD)
T 9763 <L 24
8.0mm 2 ’
7343
2.8mm
4.0mm
Out of
21 TS Plane
(30°) 5.0mm
8.0mm
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Table 3. Mechanical properties of steel

Yield Tensile YVield Rl i
Grade | Section | strength | strength 1€ O“§a ton
(MPa) | (MPa) | Mo | (%)
@42.7x2.9 | 371 433 0.86 43%
35400
&76.3x3.2| 436 500 0.86 31.5%
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Table b. Yield load

Type Yield line | Experiment | Analysis | Anal / Exp
P (kN) (kN) (kN) (%)
2.8 20.7 38.7 31.7 82.0
p 4 42.3 42.2 57.0 135.1
5 66.1 57.9 70.8 122.3
169.3 100.4 109.5 109.1
2.8 214 53.1 43.1 81.2
- 4 43.8 62.5 91.9 147.1
68.4 90.5 106.1 117.2
175.1 134.6 146.7 109.1
Z 200
X
T 160 M
3 /
120

80
w0 | /

0

2.8 4 5 8
-B-theory -&Experiment -e-Analysis
(a) TP type
S 200
=
B 160 S
(=]
-]
120
80
40
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Fig. 12 Yield strength
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