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{ SUMMARY )

Purpose &
Contents

The first year's Research and Development (R & D) goals are as fol lows. Development
of a new bracing (bracing) damper system device capable of self-healing and
restoration by utilizing advanced new materials, completion of detailed design for
the preparation of test specimens, preparation of test specimens, and preparations
for material and structural tests. The second year's research and development goal
is to verify and evaluate the physical performance through analysis of the
experimental results by carrying out structural tests, and to perform finite
element analysis on the basis of the experimental results to evaluate the stability
and energy dissipation capacity of the damper system Understanding the mechanical
mechanism and constructing the frame model for the frame structure equipped with
the system and numerical analysis of the frame structure to perform elemental
per formance evaluation and additional evaluation work.

In this study, a new concentrically bracing damper system capable of
self-healing and restoring by utilizing advanced materials is carried out from
the development to performance verification. First, the properties of the new
material to be used in the system are grasped and a model used for numerical
analysis is developed. The new material shape memory alloy used in the system is
a state-of-the-art new material with self-healing ability that restores the
original shape by removing the load only at room temperature. |t is applied to
the bracing damper device. In order to understand the material behavior of
superelastic shape memory alloy, it is simulated by numerical analysis method
using analysis program. Then, based on the principle and concept of the
mechanical behavior of the system, we develop a new damper system that is fused
with advanced materials. The flagship superelastic behavior of the superelastic
shape memory alloy provides restoring force for self-healing and circular
restoration, and a separate spring device can be installed to provide additional
restoring force to the damper system. The restoring force reduces the residual
strain generated in the damper system. |f it is properly adjusted with the
frictional force, it is possible to design the optimum system to maximize the
strength enhancement and energy dissipation capacity while minimizing the
residual strain. In order to verify the performance of the developed damper
system, detailed design is carried out and the restoring force and energy
dissipation capacity of each type of damper are evaluated by cyclic load test on
the specimen. Based on the experimental results obtained, the finite element
analysis model for various design parameters is fabricated and the optimum
design method is derived based on the analysis results. Finally, to understand
the influence of the damper system in the structure, a model is built for the
frame structure equipped with the system, and the elemental performance of the
system is evaluated through numerical analysis and additional evaluation is
performed. To do this, we design a frame structure capable of two - dimensional
structure analysis and apply it to the developed system and analyze it.

Results

Developed original technology for new damper system device that minimizes
maintenance and repair cost required to minimize damages of structure caused by
ear thquake and to heal damage, and has world-class related technology by
structural performance verification through analysis and experiment We want to
create achievements that can be achieved. We will introduce and develop new
basic and original technologies in the field of construction and achieve the
results of challenging research that publishes several papers in overseas famous
journals based on the results of research.

Expected
Contribution

The smart damper system developed in this study can be restored to its original
shape without any additional heat treatment and can be permanently installed and
utilized in some structures with severe plastic deformation. This can control
deformation resulting from external forces such as earthguakes and typhoons, and
can prevent the collapse and destruction of structures. In addition, the
super-elastic shape memory alloy used in this study provides excellent restoring
power and energy dissipation effect to the damper system. Therefore, it is
expected that the structure can be used continuously and the maintenance cost
can be reduced. The developed damper system is expected to play a leading role
in the introduction of the domestic system and it will contribute to reduce the
technology gap with the developed countries. The research achievements obtained
through the joint operation with small company can be expected to be
commercialized finally through the practical steps of product production and
technology transfer.

Keywords

Superelastic Recenter ing

Behavior Force Spring

New materials Smart damper
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SMA polyritan
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a9 200 F2AY ARA WAYE

3% 7. Modulus of elasticity of polyurethane

Items Polyurethane

Outer diameter(mm) 125
Inner diameter(mm) 40
Length(mm) 297
k(KN/mm) 1.775
125 40?
Eln( )—7(——)]
Polyurethane, K K= E—LA 17T = 4 o A E—47.86 N/mm
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Items

3£ 8. Required polyurethane size

Polyurethane

Type 1

Outer diameter(mm) 60 40
Inner diameter(mm) 10 10
Length(mm) 73 73
60> 10°
Eln(—)—n(—)]
T 1, K
ybe & k=24, 4 4 K = 1802176 Nfmm
L 73
40° 107
Eln(—/)—n(—)]
T 2, K
vpe = K=, 4 L K, =772.361 N/mm
L 73
3% 9. Total force of polyurethane in SPF
T Force

Polyurethane 1

— F, = K{\TRIANGLE — 1802.176 X 12.6 = 22707.41 N

Polyurethane 2

— Fy, = KbTRIANGLE — 772.361 X12.6 =9731.749 NV

Total

— F=F, + F,— 2x22.707+9.7 = 55.114 kN

o Mpa) aiMpa)
A A

0, = 4x p43=2472

. = 150x4=600

one SMA plates 4 SMA plates

Fu= 257241052270

FrEN)
b

F, =600=105=63 -

> A

Total foree for 4 SMA plates

19 21. Capacity of the shear damper with polyurethane and friction force(SPF)

3£ 10. Total force of polyurethane in SPF

T Force
Friction Frriction = Oap X Agara = 63N
SMA Fory = oys X Agpra = 270.6 kN
Polyurethane Fpoyurethane = KA =55.11kN
Total F=270.06+63+55.11 = 388.17kN
o Byely #Hy Ao Z1E JAd AY 9 gvy =55 S Fojx HolHgE ut
FGor AUG HAAE FAF(1H 22, 23 i)
A7) A &R GV SN Moz REFE 5o AF Aol2E A4Y
P71 7)1 Alo] == 250x60x3mmeol ™ dF S W= FraZolE 10ommE A
Asrgom 24us B A8l A/ AT AR 7% o WAE 4§ A7
e HF A3 4 Al @7IddEe 24 FARts ader] slaiA e

Mg el AEIHES HAY
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Shear damper
with cover plate

Shear damper
without cover plate
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(4) Side platel. SS400
@ Bottom and top plate, SS400 (o)
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(7 )End plate2. SS400
Polyurethane
(9) sMA
10)Side plate2. SS400
11) Side plate3. SS400
d2)bolt, A490. M20

1.
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©\ 200 ®\ 316 316 i
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| s 36 45, o 120 |
5 060 60 40 .;:.i‘ g E 120 i T il g
g 2
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2 O
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| e
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