
h}
QWu

=Qta
|U

Ovyt
�| :v

iC
W=O

O=}�
'15

4�1
47

"X
'4|

xQ=t
W'

28
�2

|xQ
wO

R
es

ea
rc

h
N

ot
e|Ov@ Q=yt sDU}U |r}rLD w |y=oW}=tR; |xar=]t

|Oqwi |WQ@ pv=B =@ ?mQt |=Qoty
�OWQ= |U=vWQ� � �pwB|}=RN OwaUt

�|QDmO� |wra u=iQa
�O=DU=� |yr=|k]=v RQ@} Qi

xrRrR |UOvyt w |U=vWxrRrR |rrtr=u}@ x=oWywSB

OvQ=O |@ wr]t OQmrta VQ@ QO |Oqwi lR=v |=yjQw xm CU= xO=O u=Wv xDWPo C=k}kLD
|WQ@ Q=w}O Ovv=t |@v=H sw=kt |=ysDU}U QO sR}v=mt u}= R= '|oS} w u}= x@ xHwD =@ xm

|Ov@ Q=yt |=y?=k |}xRQr OQmrta Ow@y@ |=Q@ 'xar=]t u}= QO "OwW|t xO=iDU= |Oqwi
xOWxO=OxaUwD |@}mQD sDU}U l} 'wQu}= R= "CU= xOW xO=iDU= |Oqwi |WQ@ pv=B R= =Qoty
|xar=]t u}= QO "CU= xOW |UQQ@ |y=oW}=tR; w |r}rLD CQwYx@ u; |]NQ}e Q=DiQ w
|xWwo 4 QO |RQt |=[a= |rYit p=YD= =@ xk@] l} |WQ@ pv=B pOt l} '|y=oW}=tR;

|xvwtv "CU= xOW ?=NDv= xOvvmQB jQw x@ |RQt |=[a= |J}B p=YD= u}vJty w ?=k
G}=Dv "CiQo Q=Qk |Q]k O=ODt= QO |rm}U |m}D=DU=x@W |Q=PoQ=@ CLD |UQQ@ OQwt

'?U=vt |SQv= ?PH 'sDU}U ?wr]t |}xRQr OQmrta |xOvyOu=Wv V}=tR; u}= R= pY=L
w s=Hv= |y=oW}=tR; |xvwtv OwOLt |=RH= p}rLD "CU= |]NQ}e |L=wv QO Q=O}=B Q=DiQ w

"CU= xOW xOy=Wt |y=oW}=tR; w |r}rLD G}=Dv u}@ |@ wN j=@]v= w x�=Q= u; G}=Dv

m.khazaei.poul@gmail.com
e.alavi@iiees.ac.ir
nateghi@iiees.ac.ir

p}rLD 'T} RQDU}y '|Oqwi |WQ@ pv=B '|y=oW}=tR; |xar=]t %|O}rm u=oS=w
"=Qoty Ov@ Q=yt '|]NQ}e

xtOkt "1
[1]"OW xDN=OQB =yxR=U |}xRQr pQDvm |=Q@ |SQv= |xOvvmlryDUt sDU}U |xrRvtx@
|}=y?=k |}xRQr Q=DiQ Ow@y@ |=Q@ |tw}v}twr; |WQ@ Ovw}B Q}D |wQ Q@ R}v |D=ar=]t
|D=ar=]t |] QO u}vJty [2]"CU= xOW s=Hv= �uwQwW� RmQt R= GQ=N Ov@ Q=yt =@
TvH R= |}xLiY |=ypv=B =@ ?mQt |Oqwi |=yxR=U Q=DiQ |r}rLD |UQQ@ x@
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xOWCNU sDU}U x@ C@Uv sDU}U ẁv u}= |O=YDk= ^=Lr R= w CU= xHwDp@=k

"CU= QD|O=YDk= ?D=Qtx@

|y=oW}=tR; |xar=]t "3
QO xm CU=Qoty |Ov@ Q=yt sDU}U |awv |wQ Q@ xOWs=Hv= |y=oW}=tR; |xar=]t
xOW xO=iDU= �2 pmW j@=]t� |Oqwi |WQ@ pv=B l} R= Ov@ Q=yt wO OQwNQ@ pLt
=Qoty |Ov@ Q=yt sDU}U T} RQDU}y Q=DiQ Ow@y@ 'pv=B u}= |Q}oQ=Qk R= hOy "CU=

"CU= |Oqwi |WQ@ pv=B u}= QO C=Q=UN RmQtD w
"CU=[a= |rYit p=YD= =@ pmW`@ Qt |Oqwi ?=k l} CQwYx@ |WQ@ pv=B
xOW s=Hv= q=@ Ctw=kt =@ I}B |O=} R O=OaD =@ |RQt |=[a= x@ xOvvmQB jQw p=YD=
"Ovm|t Q=DiQ Q=OQ}o CQwYx@ pv=B |Oqwi ?=k w jQw u}@ p=YD= xm|Qw] x@ 'CU=
|=[a= ,qta w CU= xOW ?=NDv= |rYit CQwYx@ |WQ@ pv=B x@ Ov@ Q=yt p=YD=
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uOWZwa CQwY QO |m}D=tv}U |oOvwWCNU pY= j@] "CU= xOW xDiQo Q_v
w |WWm |=yVvD u}@ hqDN= u=R}t '|]NQ}e |xOwOLt QO |Q=PoQ=@ CyH
Q@=Q@ 2 =@ |w=Ut w C@=F |Q=Okt Kr=Yt |Q=DiQ |vLvt R= x]kv l} QO |Q=Wi
[17]"CU= 2�y =@ Q@=Q@ |v=tDN=U |xtQv Oqwi QO xm CU= u; |WWm s}rUD VvD

|Q=PoQ=@ w p}rLD VwQ "2"4
|Oqwi |WQ@ |=yQ=w}O |OOa pL |=Q@ ANSYS Q=Ri=sQv =@ |OOa |=yp}rLD QO
Q}O=kt Vv=tm p}rLD w x} RHD l} =OD@= pw= VwQ QO "OQm pta u=wD|t VwQ wO x@
=@ Oa@ |xrLQt QO "OwW|t s=Hv= u=H jQw |Wv=tm |=yOwt uOQm =O}B |=Q@ 9xS} w
p=ta= xR=U x@ =yv; =@ ?U=vDt |x}rw= \}=QW w =ypmWQ}}eD 'Vv=tm |=yOwt x@ xHwD
|rm}U Q=@ =} w CN=wvm} Q=@ CLD 10lJwm |=yu=mtQ}}eD =@ |]NQ}e p}rLD w
R= ,=}HQD lJwm |=yu=mtQ}}eD =@ |]NQ}e p}rLD |=H x@ u}vJty "OwW|t s=Hv=

"OwW xO=iDU= 11nQR@ |=yu=mtQ}}eD =@ =QPo |]NQ}e p}rLD
Qy x@ "OQ=Ov jQw Vv=tm R= Oa@ Q=DiQ QO |yHwDp@=k Q}F-=D 12x}rw= Xkv Q=Okt
*OYQO 1 R= QDW}@ x}rw= Xkv Q=Okt Qo = xm OwW xDiQo Q_v QO O}=@ R}v xDmv u}= p=L
[18]"CU= xHwDp@=k |DNU Vy=m 'OW=@ �CU= u=H jQw O=a@= h w L xm � pL:h
13nQR@ |=yu=mtQ}}eD =@ |]NQ}e p}rLD |xv} Ro R= u=wD|t swO VwQ QO
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G}=Dv =@ xH}Dv u}= u}@ |@ wN Ck@=]t w CU= xOW xO=O u=Wv 13 pmW QO |L=Q]

"OwW|t xOy=Wt x=oW}=tR; R= pY=L

|Q}oxH}Dv "6
=@?mQt |=Qoty |Ov@ Q=yt sDU}U|awv|r}rLD w|y=oW}=tR; Qw]x@ j}kLD u}= QO
xOy=WtV}=tR; R= pY=L G}=Dv T=U=Q@ "CiQo Q=Qk xar=]t OQwt |Oqwi |WQ@ pv=B
|=yOv@ Q=yt =@ xU}=ktQO |QD?U=vt T} RQDU}y Q=DiQ |=Q=O sDU}U u}= xm OW

=yCWwv=B
1. pure shear mechanism
2. tension �eld mechanism
3. coupon-test
4. rapid strength deterioration
5. slow strength deterioration
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7. kinematic hardening plasticity
8. rate independent
9. eigen-value buckling analysis
10. small displacement non-linear analysis
11. large displacement transient non-linear analysis
12. initial imperfection
13. large displacement non-linear analysis

�References� `@=vt
1. Nakagawa, S.; Kihara, H.; Torii, S.; Nakata, Y.; Fukuda,

K.; Iwata, M. and Fujisawa, K. \Hysteretic behavior of
low yield strength steel panel shear wall", 11th World
Conference on Earthquake Engineering, Acapulco, Mex-
ico, pp. 171-178 (June 1996).

2. Rai, D. and Wallace, B. \Aluminum shear-links for
enhanced seismic resistance", Earthquake Engineering
Struct. Dyn., 27(4), pp. 315-342 (1998).

3. Bruneau, M. and Bhagwagar, T. \Seismic retro�t of 
ex-
ible steel frames using thin in�ll panels", Engineering
Structures, 24(4), pp. 443-453 (April 2002).

4. Foti, D. and Zambrano, A. \Shear panel for seismic pro-
tection of structures", 13th World Conference on Earth-
quake Engineering, Vancouver, B.C., Canada, pp. 1991
(August 2004).

5. Tanaka, K. and sasaki, Y. \Hysteretic performance of
shear panel dampers of ultra-low yield- strength steel

for seismic response control of buildings", 12th World
Conference on Earthquake Engineering, pp.1248 (2000).

6. De Matteis, G.; Mazzolani, F.M. and Panico, S. \Experi-
mental tests on pure aluminum shear panels with welded
sti�eners", Engineering Structures, 30(6), pp. 1734-1744
(2008).

7. Vargas, R. and Bruneau, M. \Analytical response and
design of buildings with metallic structural fuses", Jour-
nal of Structural Engineering, 135(4), pp. 383-393 (April
2009).

8. Formisano, A.; De Matteis, G. and Mazzolani, F.M.
\Numerical and experimental behaviour of a full-scale
RC structure upgraded with steel and aluminum shear
panels", Computers and Structures, 88, Issue 23-24,
pp.1348-1360 (2010).

9. Mazzolani, F.M. \Innovative metal systems for seismic
upgrading of RC structures", Journal of Constructional
Steel Research, 64(7-8), pp. 882-895 (2008).

10. De Matteis, G.; Brando, G.; Panico, S. and Mazzolani,
F.M. \Cyclic behaviour of bracing type pure aluminum
shear panels (BTPASPs): Experimental and numerical
analysis", The 14th World Conference on Earthquake
Engineering, (2008).

11. Mo�d, M. and Tajammolian, H. \A parametric study on
seismic behavior of one-story steel frames using yielding
elements", 14th World Conference on Earthquake Engi-
neering, Beijing, China, (October 2008).

12. Alavi, E. Nateghi, A., F. \Analytical and Experimental
Study on Diagonally Sti�ened Steel Plate Shear Walls,"
Ph.D. Thesis, International Institute of Earthquake En-
gineering and Seismology, IIEES, (August 2010).

13. Nateghi, F. and Alavi, E. \Theoretical seismic behaviour
of steel plate shear walls", The 14th World Confer-

153



"""|
Ov@Q

=yt
sDU

}U|
r}rL

Dw
|y=

oW}
=tR;

|xa
r=]tence on Earthquake Engineering, Beijing, China, No. 05-

050120, (2008).

14. Alavi, E. and Nateghi, F. \Nonlinear behavior of diago-
nally sti�ened steel plate shear walls", 9th US National
and 10th Canadian Conference on Earthquake Engineer-
ing, pp. 45 (2010).

15. Applied Technology Council, ATC-24, Guidelines for
Cyclic Seismic Testing of Component of Steel structures,
Redwood City, CA (1992).

16. ASTM, A., 370{03a, Standard Test Methods and De�ni-
tions for Mechanical Testing of Steel Products ASTM In-
ternational, 100 Barr Harbor Drive, PO Box C700, West
Conshohocken, PA 19428-2959, United States (2005).

17. Chen, W. and Zhang, H. \Structural plasticity the-
ory, problems, and CAE software", Springer-Verlag, New
York Inc. (1991).

18. Topkaya, C. and Atasoy, M. \Lateral sti�ness of steel
plate shear wall system", Thin-Walled Structures, 47(8-
9), pp. 827-835 (2009).

19. Alavi, E., Nateghi, A., F., \Theoretical and Analytical
Study of Non-Linear Behavior of Diagonally Sti�ened
Steel Plate Shear Walls", ESTEGHLAL Journal of En-
gineering, Isfahan University of Technology, 28, (1), pp.
75-92 (2009).

20. Berman, j. and Bruneau, M. \Plastic analysis and de-
sign of steel plate shear walls", Journal of Structural
Engineering, ASCE, 129(11), pp. 1448-1456 (November
2003).

21. AISC 7-05, Minimum Design Loads for Buildings and
Other Structures, ISBN 0-7844-083 pp.1-9 (2005).

22. Roy, R. Craig, and Andrew J. Kurdila, Fundamentals of
Structural Dynamic, Second Edition, Published by John
Wiley & Sons, Inc., New Jersey, ISBN 13: 978-0-471-
43044-5 (2006).

"sDU}U T} RQDU}y |vLvt R= xkrL l} "1 pmW

%pO=at RwmU} w |}=Q}t "3

� = 1
4�
�
ED
ES

�
Es = 1

8 (F1 � F2)� (�1 ��2)

CUw}B
=O=v=m |Oqwi |L=Q] OQ=Ov=DU= T=U=Q@ xOW O=yvW}B |x} w=R %I
%=@ CU= Q@=Q@ u=Q=mty w lqwm C=ar=]t T=U=Q@ (CAN/CSA-S16-01)

tan4 � =
2
t:b + 1

Ac
2
t:b + 2:d

Ab:b
+ d4

180:If :b2

� = 90� �
w ZQa ?}DQDx@ d w b 'Q}D w uwDU `]kt K]U ?}DQDx@ Ab w Ac \@=wQ u}= QO
|=yu=O}t |x} w=R w uwDU |UQv}= u=tt If 'xOvvmQB jQw Ct=N[ t 'pv=B `=iDQ=

"CU= ji= =@ |WWm
[22]1 pmW j@=]t |Q=DiQ |=yQDt=Q=B %II

&(ED) T} RQDU}y |vLvt |xkrL Qy Q} R K]U %xOWlryDUt |SQv= "1
%Cv=mU |DNU "2

Gsec = �F
�L

= F1 � F2
�1 ��2

154


