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Fig. 2. U-shaped damper consisting of curved metal
strips; a) cyclic shear loading, b) geometrical param-
eters
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Fig. 1. U-shaped metallic-yielding damper; a) uniaxial

loading parallel to the elements, b) uniaxial loading

normal to the elements, c) circular arrangement for the
biaxial loading
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Fig. 3. Coupon test results of the steel materials used
for U-shaped strips according to Ref. 12
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Table 1. Geometrical properties of the U-shaped speci-
mens according to Ref. 12
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Fig. 7. Hysteresis loops with and without simulation of
connecting bolts resulted from loading parallel to the U
strip
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Fig. 6. Comparison between simulated and
experimental hysteresis loops
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Fig. 11. Model of 4-element arrangement of the
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Fig. 12. Hysteresis behavior of the U-shaped damper in
the 4-element arrangement
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Fig. 8. Hysteresis loops with and without simulation of
connecting bolts resulted from loading normal to the U
strip
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Fig. 9. Four arrangements of the connecting bolts
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Fig. 14. Hysteresis behavior of the U-shaped damper in
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Fig. 15. Hysteresis loops of the 8-element arrangement
achieved by combining the results of previous simple
models
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Fig. 13. Model of 8-element arrangement of the U-
shaped damper



FYY B 550 doxao AYAY Jlo oF o)jloud d+ 080 ¢pusS yuol (lpas (cwlige &y i

[5] M. Aguirre, A.R. Sanchez, Structural seismic damper,
Journal of Structural Engineering, ASCE, 118(5) (1992)
1158-1171.

[6] M. Dolce, B. Filardi, R. Marnetto, D. Nigro, Experimental
tests and applications of a new biaxial elasto-plastic
device for the passive control of structures, In Forth
world congress on joint sealants and bearing systems for
concrete structures, ACI SP-164, Sacramento, California,

(1996).

[71K. Suzuki, A. Watanabe, E. Saeki, Development of
U-shaped steel damper for seismic isolation system,
Nippon Steel Technical Report, No. 92, (2005).

[8] S. Kato, Y.B. Kim, S. Nakazawa, T. Ohya, Simulation of
the cyclic behavior of J-shaped steel hysteresis devices
and study on the efficiency for reducing earthquake
responses of space structures, Journal of Constructional
Steel Research, 61 (2005) 1457-1473.

[9] S. Kato, Y.B. Kim, A finite element parametric study on
the mechanical properties of J-shaped steel hysteresis
devices, Journal of Constructional Steel Research, 62
(2006) 802-811.

[10] S. Maleki, S. Bagheri, Pipe damper, Part I: Experimental
and analytical study, Journal of Constructional Steel
Research, 66 (2010) 1088-1095.

[11] S. Maleki, S. Bagheri, Pipe damper, Part II: Application
to bridges, Journal of Constructional Steel Research, 66
(2010) 1096-1106.

[12]1 K. Deng, P. Pan, C. Wang, Development of crawler
steel damper for bridges, Journal of Constructional Steel
Research, 85 (2013) 140-150.

[13]1K. Deng, P. Pan, Y. Su, Y. Xue, Shape optimization
of U-shaped damper for improving its bi-directional
performance under cyclic loading, Engineering
Structures, 93 (2015) 27-35.

ol 38l JSE U eladons (sliwly o dges 6538,L 53 Lol 9,158 o
Sildao b xBly p0 dad o Cuwd & Susto pué gl g atilS gl
& B gobw ) (wles 5 (3lid lod Jlosl g 000 9 i peniliane
3980 wol B (63935 b Eligw oo 3 gy (oo (g Sl g b
ML ) Jg o S 28 Llyen ()HS)L )3 (oo <S> &S
a3l )AL 0 ol jd Dgd e SO0 dowd sbwly g dges
b & G plaw (M0 oy el oo g g e (Silo e
Sl Jol 355 dide b Jlail slagy Sl ool gl a5 935 0
ool gl oy g0 lagy Jme 5> Jlail slasg 9 dens )]
s SHS)l 3 o8 b oz )3 Jlasl sl o)yl g 2l 4T
Ot e )35l £ ol )3 4] S 4 0 0390 oo sl
JS5U S e aslie g 550 i (6 )35l (S5 5 Jlas] sl Slass
Slp &S Gloply Hlods jo cplply aad o ili8l 6 Sadis o0 |y
o Yl slasy g bl b g o odliinl digs g sla )15l

Do (gilwJde wyd 4 39 linl (gilwdnd

&=y

[17JM. Kelly, R.I. Skinner, A.J. Heine, Mechanism

of energy absorption in special devices for use in

earthquake resistant structures, Bulletin of N.Z. Society
for Earthquake Engineering, 5(3) (1972) 63-68.

[2] R.I. Skinner, G.H. McVerry, Base isolation for increased
earthquake resistance of buildings, Bulletin of N.Z.
Society for Earthquake Engineering, 8(2) (1975) 93-101.

[3] D.M. Bergman, S.C. Goel, Evaluation of cyclic testing
of steel-plate devices for added damping and stiffness,
Report No. UMCE 87-10, University of Michigan, USA,
(1987).

[4] M. Aguirre, Device for control of building settlement

and for seismic protection, Journal of Geotechnical
Engineering, ASCE, 117(12) (1991) 1848-1459.

Please cite this article using:

J. Roshani, S. Bagheri, The Effect of Connection Conditions on the Cyclic Behavior of U-shaped Metallic-yielding

Dampers , Amirkabir J. Civil Eng., 50(4) (2018) 665-672.
DOI: 10.22060/ceej.2017.12536.5225

058 oaliwl 5 jls jl e cpl & gl ) (6l

£V






