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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
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Table 1. Method of FLD
No Feature Shape
P P
|
Hydraulic Theﬂ device P Mi
: operates by I
1 cylinder di h t
type exceeding the P
fixed pressure
A
p
The device P
Material | absorbs energy T'
2 |deformation by plastic ~=
type deformation of 1
thin tubes ]
A
) P
The device l
operates by P .
pushing or P, |2
3 Friction | pulling a metal | |[" Y " "7 "7 O
type rod through the |
center of a four 1
bladed cutting P
tool
A
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Table 2. Test specimens

Method of FLD
No| Name -
Type | Thickness
2.8mm
4.0mm
Out of
1| TP Plane
5.0mm
8.0mm .
Bzt '—'"l
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
strength | strength catio
(MPa) (MPa)

Yield |Elongation

Grade | Section (%)

242.7x2.9 | 371 433 0.86 43%
@76.3x3.2 | 436 500 0.86 | 31.5%
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Fig. 9 Stress distribution (Analysis)

Table 4. Maximum stress (Analysis)

Type Thickness Maximum stress (N/mm?’)
2.8mm 438.7
4.0mm 443.1
TP
5.0mm 431.2
8.0mm 405.0
2.8mm 441.1
4.0mm 431.3
TS
5.0mm 423.3
8.0mm 430.1
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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
= 200
=,
T 160
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120
80
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0
2.8 a4 5 8
“&-theory -“&Experiment -+-Analysis
(a) TP type
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=
T 160
S
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80
40
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Fig. 12 Yield strength
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