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ABSTRACT

Steel shear walls have different systems and models, each of which has different
fields for investigation and design. Steel shear walls can be classified in
categories with or without opening, and each of these models can be placed in
steel shear wall systems with or without stiffeners. The steel shear wall system
can also be implemented in composite. In this research, it is intended to improve
the seismic behavior of this system by adding yielding steel dampers, which is
discussed below. For this reason, in this research, it is intended to "Cyclic
analysis of steel shear walls with peripheral yielding dampers” in order to
evaluate the performance of bending steel frames with steel shear wall system
under nonlinear dynamic load. In this research, the studied samples were
numerically loaded under cyclic load analysis using ABAQUS v-21 software, and
the results of stress, strain and displacement values at the moment of maximum
load and at the end of loading were compared with each other for the samples in
question, and after evaluating the results of the samples from their analysis, the
best performance was determined. It was observed that the use of peripheral
yielding dampers perpendicular to the wall plane, when the peripheral dampers
are only connected to the beams, has led to improved performance and reduced
displacement outside the wall plane, increased frame elastic displacement,
reduced frame stiffness, and reduced frame drift. On the other hand, the use of
peripheral yielding dampers in line with the wall plate when the peripheral
dampers are only connected to the beams has led to improved performance and
increased elastic and plastic stiffness of the frame, increased force absorption in
the elastic and plastic area of the frame during the load process.

ARTICLE INFO

Receive Date: 31 July 2023
Revise Date: 07 October 2023
Accept Date: 17 November 2023

All rights reserved to Iranian Society of Structural Engineering.

Keywords:

Steel shear Wall

Yielding Peripheral Damper
Cyclic Analysis

Stiffness of the Frame
Seismic Behavior

doi: https://doi.org/10.22065/isce.2023.408674.3179

*Corresponding author: Reza Ghiamat.
Email address: Reza.Ghiamat@iau.ac.ir



http://www.jsce.ir/
https://doi.org/10.22065/jsce.2023.408674.3179

OF G amio AF¥ Jl (F o loi (1) 0590 ccolu 903l (wiigo (i g 33 — (oke 49 gt

e &g ¢y o5l i e RS
n: on eel 3 °) w “f“
(29 — (o)
uﬁ'mus‘k—ﬁhqﬁﬁ
E3Lw 9 6 j L (a3 . .
e WWW.jsce.ir

S ol odighplid 515150 Slyls g0V by a)lgs las y Julow
Tl e 39 3 < caold L

Ol leiol oyl asly oMol ST olL2ils oyl 0ty o bslew] — )

Ol eoledol ol asly ool ST lCiils oy lyas oaSCtils wty/ ool IS spmmitils =V

US>

b 5 an sy Sglite plodie) (b plie 45 dites Jglite (glofuo 5 loptus (ShI oY Sy slo)lyo
[ lo e onl ] plaS s Guizma 5 9,5 (sidinns 535k o b 5 5550 b oidion o [y (90Y58 oy sloylno e il oo
ool i o fd (£0Y58 (oD a0 e D (sl ol S fg b 5 odiT it b (g0Yed (ol o (slop e 0
wllaod, o slodigas A5 005 Spagy s Sl (Sloj ) U8y (s0YsS odiglipeled (sloySTe (0951 b Lingsy () jo 005 2
Uiy i) 50 eyt polio 5 yS (G gl 5 0ad (S MSb usSUT 38000 b (0ue &ypoty oSy b el i
Oy S8os ( pieglls dodised gl b)) ] ey 5 85,108 g lio 9,50 ;U b i ol 1 Jolz 5,150 L 5 st
S oiped e (sl 50 SV Eloil 5 igolig (oS 3o b £0YeS (SlplB iy G 45O L gl el el o
Ao S 0 o amio jl gy B B peii .8l Gl il OTAL SThe 5 (B a0 Oab 50V (e OB digei 4
W oualie aidls GLai |y Lalssl aoys 1+/F b Lials dss Pl SThe S digai b Comni STheo syl slodipai (s, iS5l
gy ke ol Jalo loyd 4 i (Jpolro (slopTT e 45 (5 lu0 dmio  0ge (golin oz St (5lo)S o jl ooliin]
1005 (oo Sl Sy 0 JralS g Sl (e JialS DB SV e i (3] 0 dmidio il ) 1 e pnds 0l g 0 Klas
o] Jate bopi @ o ol (slopTT o 45 15 Lo amio b vl ypo iselny olisgdmiled (sloy5T o j ooliia] 150 (55w
Sl gy 4o S SKiwdl 5 SroY a4l o g oz G (ol (Ciady 5 i (S Gili8 5 08 Spng 4 i

09,5 o
(10 YU (M B (S ($14S 2 Sl cosigbiprbiad ST (50Y 98 (b 2 S, 920 D gunlS lalS
sy s Al :allio sl
https://doi.org/10.22065/jsce.2023.408674.3179 ol ok el e & Sisk sl
ot 10.22065/jsce.2023.408674.3179 AARAVYER /AR VE-Y/-AYE VY AIYE VEY/-VND VE-Y/-0/-1

Cobd Loy | g oo o

Reza.Ghiamat@iau.ac.ir | . Sy S G

OF G amio (NP1 Jlu (F o loi 1) 0559 ccdlu 90 jlw (wigo b g 3 — (oke &3 pitd


http://www.jsce.ir/
https://doi.org/10.22065/jsce.2023.408674.3179
https://doi.org/10.22065/jsce.2023.408674.3179

Of 21 03w (qwiigo (ol Jbeleolo

s b gble o il oyl plp 0 (ol 6l slapian e 51 (Ko (SPSW) Y (6o¥gd 59 (o0 le2d pimesns
slasl 4 Ggyne sloys @ fate 56 6oV Slmio 5l Jsome 60Vs8 amio O lend miee ol oniazslin Y (gle; )
@ 8 55,m slasl oYLl plos .ol ous LSa5 (VBE) T sog0s (65,0 slic] & Gig me sloysis 5 sCanl (HBE) ¥ 8l (55,0
GlSa (gog0s (50 slacl g 88l (55,0 slac! (AISC-341 2010) wloll b illas aiiwd iwas £ 5l (s950 (550 slel
wlasl Gl s Sdly Jabe JoSis 51 o sl Bl il O gon SlS il sla)l il cos s a5 wlead 1L
& e g gn wiSls CDM) Teud b (oLl iy lyieas Ygane 2,505, (ol 2l jlome (3508 (5550 sliael uly 5 (381 5550
5 98, bojgpel V] el jliny50 YU gl mha b glogygie & (lpls 5 295500 ($0508 (S50 sliel 10 YL (>ib (sl
S 5ay%58y A3 Gazen Fols Mie po gl iy az e lupglie 4 5l ez cbise bl o aily el by
b olfiws ol 5l (oK ol (65580 il slopinses 4 5ks osle 4o a3l zlsel (ysmmed by b ablie sl 0si oo olos]
S P ooVsd (Bl e S jsboas s @Bly (o) 2950 i (nl 3 o Sl Y58 (LB ol Y 63l i ol
3 s (al 2055 (o0 513 00liiuld j50 39250 slaojle (silupglie (rizmen 5 G0Y58 slaoslu ;5 &S Sl (Sl 2L Slapiuss
93,1 3905 Oledl asiles (6,13, 5 Cenl oad jgamme (5550 Ll plgicdr CB Slapgin 5 25 lawg a5 0l S5 63V g8 amio Sy
5o eddaisle sbaglaizle 5l golass ;o )b gl gl cetan iz 508 oy slael glas )l o g 5150 GB pais jo Wl o
IV] ol sazoslanal &) g ol (il slayl plp j0 (cile b e Glgieds cpls g LIS S o

azgi bl oog Pk ppe Blos lo)l50m 5050 S92g 4 5Ls ¢ Hls slaojle ;5 69V LBy slalgs Sl eoliiul sl

Olye b cnlple g walgs oslitul LB 5 oad zlrsel Jlzo 525l 590 QB w555l @3lr ledl Glyieds 3V93 355 p3ls 134

29 9 0%y (xo90 kS 4l Wb B9 Jlo e o 09h 485 3 0 985k glosel S 6 xS olr (ln oniS o e

J.{b‘j} LS)B u.:L> )I QW L}“S" [EPPew) ‘L;ol..a.al 69)@ r:d& » 05)'{9 oS Csew )‘MA obo)l ‘éﬁ).lo )‘ Jul..o.) 6)):‘ ud.?- JQLY )9.'04.»
Ivl s

G olgse ol @) uz Jglaie glasig, 5l a8 Coul (glaomioyg,0 (ileS 5 JSCh i sV g b o slachas I (S
ged 0,Lal 6 poly GBI 51 eslaiul 5 oyn AV b s Gib 55 uilie (soVsh slboniiS Eonn Laugi 0diiS y ambo Cusds
CasE Sl ooolin 435 SR JSD 5 S 5 Vb e W Sl aiile clis SIS ol Lo e a5yl LI
ol Sote Gladiz poodle el BLIIL oudlosB VP (Lhp lpd Sebor Cgmime (Lhp jlpd OB ol 4o
5 6ok L0 5 F el YU eoglin 5 e shls S jo iy Sl ailed YU syl e p g ol a e ol saiicasi oV
3)lge pl el 428,51 18 coliiulo g0 Ay cwaige axel> Lawgi 00 plS joboay alidT slaans (o aS o)ls sg2g slojle (slajgnd
Y58 Lo Flee o Slie g5 (nl Gl o sl (STl gl S0 5 oigd oo (59Y55 (slo Flre j5Sny sl S0 Jolls
~03ls (Sl 3l (S (e sl a8 poasygshe ()T Sl g 0l Lz a6y Sl 1y el (0 5 gl oigds ool
el oad L3l Galises sbaaly o ol 5l eolil g Sl o3l LIl o 45wl e 6oYsd s slayles YU 5 Shas b (!
sloj oyl dgute ;0 0ied pdud Slie 5 Y58 (L3 Slajlns loyes oslitul S OIS wd (oaw Gliod (nl )0 cnlnle
D% )8 (o 9590 0l

! Steel Plate Shear Wall

2 Horizontal Boundary Elements
% Vertical Boundary Elements

4 Capicity Design Method

5 Steel Shear Wall

f OF 6T amio AP Jl (F o loi 1) 0599 (Clu 903l (wiigo (i g 33 — (oke 49 gt



Of 21 03w (qwiigo (ol Jbeleolo

et S 95 590 - T

L] 5,5 atlis) ) 6¥sd ctad B L5, wlaoesd by loylges 5l ool L VYAA Jlo ;5 o Kas 5 ool posame
2 e 5 @5 wdm Ll el olS 6oV i ololess b anglie 15 60V cless 45w ol 5l ooliiul wizily o
@l e @l 4 WA Lo o ollSen 5 slaaly [5] spi e pimie (Fad Sk ony (20lS g e (sla i
YLl b (go¥ed ohp less ailas S dad O Jo SO (398 BuBod j0 S0y (6oVed Ldp 90 pees Sl e e
byl (59, IS8 ol slayialily ols plis b .25 )13 )AL 8,50 ATC24 Billae 9 020,5 (5ldae (giw 4 55 (Lade
S coo] Sy Ll 4y az g b a5 ol Sloo 39 St g glis)] 4y wleo Jsbo G el abai Sl amy 5 8 S5 5 Sy
520 los ) S8y p sl oS i 136 gy 0 VYRR Lo o e 5 s IV] el 550 s glis)l 4 wlas b
Vb oebed Cenglio b (53Y358 (3y5 SIS 5 @ e (63Y58 (20 s Wiged S 525l 5o aiBlon 5 4 Jate (o0Ys8 (O
O e 525 55 it (sl 5 Yl (slo s 4 4 oS i o (aly 5 50 305 ol bt x5 (s3ldio oSl 80 o 50
JB o9 by 4 oS S Jlail S50 50 (Jg o)l 655 SVl g Cueglie o i slajlade g pitacs U8 p Slaiz 5L
5 i byl syl Bas b addlae K3 YN8 Jlo s o, Kes 57Uy Al 0s salss Jols Slers glos,) o,Skes 1 gz
it JISET L o5 c3Y58 3y 5l oV sd sla ST o g5 cypl sl bl a3l s 4o Wojl 5l clidlons (gl (co¥s3 1m0 wilon
Ve sl S1e as sls Hlas IS Golesl mls wisd oo aisle oo 5 rie qealionns SIS Jin (6,8 Cend jo Galise
okl asl ol Glis 1) g sl jlaly LS, lesas JS5 Gase B,k L aiged Lol it alie 6,50 o s sl goleriny
ST ae 5l ooliwl Sl anlllas 40 Y14 Jlo o o, Kan 5 ¥ st L] ls lis 55 1) 6 ycamlio (g pdycdllanil cy po 5 (5,50 EM]
3 olis b wis,S sk aib Vo 5 VOF slaploaile s, | 053 clillas lisl azsls,y asyloy slaosls 5 TADAS
b Ve oV OF waes ol al i 0:Slhee jehay g ols ales oS 1) ol S s 5 bl iSTa> TADAS sl 31,0 5l colasul
9550 slojls j9u8 ol 4 oz 538 Sl YoV Jlo o o), Ken 3 AL D] R PP L SR VR S I KU S T
S 8 4y calizes slog ) slasls (sly 5908 laie as |y HSF les o oS olo lis glis .ais )8 sleainn loj ) sloo )87 (sl 1, (HSF)
ol (HPEDY by0r oS 5 i (6531 GO immns oS s o by sl oS oY+ Yo Jlos 0 " 590l 8 5 WS [11]
Lyl con o5l glo;,) o, Shae d9upe sl (FDB) Slasl 51,0 5 (XADASY) S X amin B Sl 5l (oS 5 aS aisls
S oo @i 1y (65,50 (6 inn Jlade FD g XADAS L avglae ;o HPED oS ol jlis o yiolesl b cwl ey Sl alides polis
55V ke o sl o5 5958 (hp slaglsns 5 Vb ek 5 b slasVsE gy w0 YoT e L s ohiSen 5 TS VY]
) s 520 S35 S5 @3 63V (L8 p lajlns jo o¥sd Sl eslinal sls (Lid gl aSls  (dgr (FanighS Yo -
RS . S P PO PR P PR SV R IS BUwvve 3 & BN WSS P SPRCHE CSUSE I R o I SO M TE FURY.
DV 0o 5k slylo 5 5L a8 (o8 g0 Wiges 99y IS5 )18, 5 55l 51 (Sl s 5IUT s

¢ Teruna

7 Saghafi

8 Yang

® Chukka

0 Krishnammurthy

1 Hybrid passive energy dissipation device

12 X-plate added damping and stiffness damper
1 friction damper

14 Chun

15 Farahbakhsh

OF G amio (NP1 Jlu (F o loi 1) 0559 ccdlu 90 jlw (wigo b g 3 — (oke &3 pitd



Of 21 03w (qwiigo (ol Jbeleolo

G285 s -

el Somee b bt (6 35,1 o oigd el o e i sla e 5 69Y58 (S ol la e Bdod (nl o
hl.od Saaales 13 51 S 90 cslas 2 )b jlesliinl b g oads (>l (wgSLT 530 a5 5l osliwl b YA« aslicrn !l plez G2alzs 9
V58 (chp lps QB Sy g pgd diged Sunl w85 3 Lo 000 I8 05 p0 ailas Sy aib o VS (B lns S
V58 (Shp s OB o Ojar paw dged (G 9 5 b lwd 9595 o) s B9 Ggelim edigd peld STie 4 e
53 oxigd mabid Slree 4y eme G0¥58 (B s SB SG e lex diged 109 n5 b B9 2,95 n Joee 50 owigd peled STie 4 jeze
Som 9,8 o0 e 3y9 & S ST pe laz )0 A0 (2352 L 5 K00 dped dw a8 S A 30 gt b B9 995 0 e
2 ol 5l ool IS5 (e 5 STie b 5 45 Ojpo 95750 Gl G lalie (Slagh )90 dige A )y g Jelow
allio ;o Lo ;50 digad ¢ pusSLI lile 5 50 ladigas Jolod 5 (gladae (riwcomo jslated 0 (asuie o0Vg oyl el
220, anb 5 siledae gz ye dlis lyieas [ o) Sen 5 Us s

Jsl 2l o (oo¥sh (e B)+) il Sy (o Y/0) kb oSy o¥gd b 5y dulie 5 asyyt yobiie &) by ol 4o
laSlee shls V58 (Lhp slajlps b pow Sl 3 g o0V (LDp Jlps oles peo Sl o pies B S Djgon
Srtigas oS50 a2 3l olei ) S o sl oad axblay s d (Seelys )05l Cou ooVah gslpm eigdaeld
5 i b g (F US3) oad (o 38,5 ABAQUS V-20 ,531a 5 5l solicial L (s00e &gy Ll sl 0 00ptS 39005 4y L35, 90
oolittul Cewl S5 ay p3Y il oad a8 513 annlie 950 ;K00S0 L badiged oo 5l Jol> (1081 0Ll 5o ol is paolie 5 (255
Sl oNgbpdid o S1,m 5l colainl Jol s el o 1) alide slacdls 095 (60Y9d Sselym odighpdud o510
S Srpe 4 6Vsh Soslrm ongdpld oSl Sl oslinal pes Sl sl Jlnad B9 2 dgee STie By5 5 (Sipe 4 o0Ysh
Sozye @ B S Jate kS o3V Sl oNigdpilad slo S feolitul pon Sl il s 39 b Lwlyen STie 355
oo @ DB 5 4 Jate LS 63V Sgelim onipdnalad lo Sl e sl oolital o )lezr Sl el s 359 52 990 STiee B9 &S
4 OB gt 4 Jate b 69¥58 Ggelim odigdmes lo SThee sl oslitial pany Sl el lens G55 b bslypn STie 5)9 oS
O & Jate LS V9 (Sl oigdienld (slo ST 5l eslitl pind Sl g Sl s 5)9 » 950 Sie 8)9 & (90
) 28,5 )18 Jedod 090 Ghegh (nl )0 Wige A ggame,s il Jleas (5,5 L Lilyen S0 35 45 (Jype B
s N

Load Cycle

150

N
=
|

80 90

Displacement (mm)
=)

-100

(=
TT T T T T T T T TS T RT T 7T

-150
\ Time (Sec) Y.

andlaes ) go glad god (5,108 5L > = 31 gled N K

5\J_9-\>,

OF 6T amio AP Jl (F o loi 1) 0599 (Clu 903l (wiigo (i g 33 — (oke 49 gt



Of 21 03w (qwiigo (ol Jleolo
e N
Load Cycle
150
— C
g 100 ¢
E r
- 50 ¢
= r
z r
E 0 7: L : TR
2 0 10 20 80 90
—
= -50 ¢
2 .
a -
-100
-150 L
\_ Time (Sec) )
Nbbjyéhdﬂdj.}f)li&ﬁj&u\h}ﬁ
ui.&}}g Cﬁ‘ BL) }Bé)_,.a 6\.&45_,«:3 Slasein d_;.\’
RBS Zone
Damper  Wall o
. - Connection T al
Sl & a b c shoet HBEs VBEs €303 pU 3
ts (mm)
(mm)
e B _ = — — — —  WI14x176 W14 x 283 MF \
st st s + e B L o o 318  WI14x176 W14 x 283 SPSW \
St Seolmy (0 Jlged + (e B SPSW-
e 200 300 95  PL250x15 10 318  WI14x176 W14 x 283 Damper1 v
| 70 [OUR SR NN SN |
et Sl B2l s ' 200 300 95  PL250x15 10 318 WI14x176 W14 x 283 SPSW- ¢
Y s Damper.2
Fhas+ Gl (SBn s + (hed OB SPSW-
oo 200 300 95  PL250x15 10 318  WI14x176 W14 x 283 Damper.3 0
| 70 [OUR SR NN SN |
et Sl B2l s ' 200 300 95  PL250x15 10 318  WI14x176 W14 x 283 SPSW- 1
f o> Damper.4
Fhae+ Gl SBn o + ted DB SPSW-
ol 200 300 95  PL250x15 10 318  WI14x176 W14 x 283 Damper 5 v
| 70 [OUR SR NN SN |
et Sl Bl s ' 200 300 95  PL250x15 10 318 WI14x176 W14 x 283 SPSW- A
& ol Damper.6
Segn ol 5 s, e él.a.n Slasein ¥ J gl
STEEL 5
Es Fy.s Fu.s Ws =
Pro. (GPa) (MPa) (MPa) &ys gu.s vs (Kg/m3) i
HBEs, VBEs & Damper Yo YA fvo ooy Ny Ay YAO- )
Wall Y. Yy Yy ofeeY N -y YAG- Y
el 0als Il asdllas (sl 5o 0als (g3ludae odigd ek (538 Flie aBlg Aiges 3l (g gl ¥ IS (o
OF G amio (NP1 Jlu (F o loi 1) 0559 ccdlu 90 jlw (wigo b g 3 — (oke &3 pitd Y



O 21 03l swikigo o2l Jkleolo

Mwl,umdjuue.uﬁr;;‘s}u;uﬂyp

WANNNARAAAAAEAN AR AA A AN VLRI CEEELELEIEL PGS LRI CEER R B S
o » E

Y YNV YV NYYY

NHIE R H

T e T

I

SRR A KA A

A AR RRARERARERRERALSEMERRAN

SPSW-Damper.2 SPSW-Damper.1

(") OF 6T amio AP Jl (F o loi 1) 0599 (Clu 903l (wiigo (i g 33 — (oke 49 gt



O 21 03l swikigo o2l Jkleolo

N O v oW oY & @]
0 o [ I I 1 b [ i I AN
STz [

SPSW-Damper.4 SPSW-Damper.3

NN NNV AN AN NN NN NN KT N T T e A

NNV NNV IV YN Z4\ AR RO RN R ERERTRRE AT EATMART TR

SPSW-Damper.6 SPSW-Damper.5
(o 7055 0 slagl b (Kan) andllans ;g slppli (gutuased 51 plad ¥ K3

. " v e @.w_f

ol 0al 03,51 ¥ Jgaz ,0 Lidgh cpl 50 axdllaes g sladiges ot e Sl o 5l Jol> b

SR cpl 5 adlaes; g sladipad s 8 Sl Jlow 51 ol @L‘SY’JJ.\?

g | st pa) s s OlSa s
» (MPa) L . . O ydd
£ Dy cinye | FEE | oree -
(KN/mm) 5 . o e S T e amio | (KN)at b
= R e . . (e FTo . . i (mm)
= ualogygd utlogygd (mm)
el a
. M‘ . £
Sy ; 3; Aiges 3
= . A 0¥ 2 o m| 2| =
. % % 33 X 33 % 33 x| 3 3] 1] 3 ‘; g v} g
b N ~
9 9
N ISR =N I - I 1 < O S O O S I = O < B = = V' I
s > o= e = o | = s = P > v = S r < el
g < = — 3 3~ — .
= 3: pd 3 > o°> K go: K s K “; 3 r S = > x 3 s SPSW 3
3 s = i — e | e P P 9 9 = o= - = & N

OF G amio AP Jlo oF o ko 1) 090 (ol g 0 jlw (wiikign (i g 33 — (ol 4 i A4




Of 21 03w (qwiigo (ol Jbeleolo

a| Z = |l <] -] =] < a . S| e o 2] x| | S| £ & | W
x > hl = N > o | - x - 'S > = > > > < = 9o -~ | Dampe ¥
S SN T I I B = O e . | | | =] 5| =] T ri
- & X > -~ 'S o | o > 'S > a o > 9> - b LN o | SPSW-
= < — = > pe] o — o - o > = b a — = P ' = Dampe A d
> > : < s — 9 9 P > 9 9o . = — — s r i< 2

< . o= a SPSW-
3~ = R = — — o — o < o po 3~ 3 — >
= > b " > - x| > hS = N = S > - - ot z P < | Dampe I
pell hd . — b — 9 9 > b 9 9 * P b - > > > > r3
= < = b — o — < . — 3 o 9 Qa : f 3+ o SPSW-
3 b - = > a > | 3 N > > > = > - - P = o 5= | Dampe 14
o S 3: - > - e | 9 P b 9 9o . = b - =z = > N v 4

9 . — . SPSW-
> S = < 3- I 9— I a I I — > -
- = ™ < N hs x| o« x - N > S > o . ¥ hot from s Dampe v
N < v = > = e | e o > s b -~ - b T > < 5
< = = K3 - - -~ 9 o . o < - > > % = =< a SPSW-
P e % : > o > | - > > > - = - . > - > 9o = | Dampe A
3 b 3: — > - 9 9 b b 9 9 o > — = o > > 6

Gilizho SNl 33 (50 i 3 5 2y JSb 1y 1-F

SPSW-DAMPER.4 SPSW-DAMPER.3 .SPSW-DAMPER.2 .SPSW-DAMPER.1 SPSW  cladigas (5 sy S
Sial33l s FIVE o YIVE BIYA FIAY FNVE X3 /40 oy 4 MF &igai 4y Carns SPSW-DAMPER.6 5 SPSW-DAMPER.5
LIS 1y 6y JS5 (ypyiaS SPSW-DAMPER.5 &igas 5 51 sty SPSW-DAMPER.A diges dadiges slo ;5 a5 ol Sgiin .l

o 059

SPSW-DAMPER.1 1,0 9 Faelym (o0 lo b sladigad 6,)135,L acion cdbo o g0 asio l ) 86 s
L diged & Cowd SPSW-DAMPER.6 ¢ SPSW-DAMPER.S5 SPSW-DAMPER.4 SPSW-DAMPER.3 .SPSW-DAMPER.2

Ol Bl LYIE g rals LAY Grali VY ralsT 0/ ralsT LY iali8 VIO s 5 4 SPSW ST e ey s leed
ails 1y &S (e SPSW-DAMPER.L diges g yiies SPSW-DAMPER 4 diges dadises sl ;0 45 Col Sgpiee 2Ly

SPSW-DAMPER.1 digos Jod=xi V-¥

SPSW- diges (so¥gd o8y lgnd cpiomad g (ghw g yud (g0Vgd ablin iid polie 0gd o cdalice F ISS [0 aS 4565 jlon
5 Jlasl asix (aiw oll slagladl ;o 6,135,6 (LL 0 5 oles b o (iS5 polie aiii .l 0l 03,5] DAMPER.1
odpm; JLLKL FYO Jlase b (>led cpl 5o wilomy iid 9 (5,005 ,L acin cdl> jo s ol polie .ol osloz, 15 RBS a>l

OF 6T amio AP Jl (F o loi 1) 0599 (Clu 903l (wiigo (i g 33 — (oke 49 gt




ol 91 0 3lw wiigo

ool

Jbleolo

oanlice a5 joblen .l Jol> JELLE YYA L plyp al> 1o g0 0l jo (g0V¥gd ey Slaad jo 1S ool lade aiin e ol

] ob‘ét) Lﬁua.u.u @Yb ‘a}w&; 4.._‘>L| 9 l.m)...’ d.vl.m B u,...a.s u‘).duﬁ U")"'J .)9....:‘59

S, Mises

SNEG, (fraction =-1.

(Avg: 75%)
475.000E+00
435.417E+00

0)

S, Mises

SNEG, (fraction =-1.0)

{Avg: 75%)
475.000E+00

435.41TE+00
395.833E+00 30

356.230E+00
356.250E+00

316.66TE+00
316.667E+00

277.083E+00

. +H

237.500E+00
197.917E:+00 337 000
- 18731 7E+00

158.333E+00
118.750E+00

158.333E+00
118.750E+00

79.167E+00

39.583E-+00 ;[g'éggggg

0.000E+00 (
0.000E+00

Max: 475.000E+00

Elem: DAMP1-1.3387

Node: 1024
Min: 0.000E+00
Elem: BEAM-1.904
Node: 526

Max: 475.000E+00
Elem: BEAM-1.2
Node: 58

Min: 0.000E+00
Elem: BEAM-1.904
Node: 526

] Sl At
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s, 811

s, 811

SNEG, (fraction =-1.0) _ SNEG, (fraction =-1.0)

(Avg: 75%) (Avg: 75%)
548.222E+00 548.459E+00
456.837E+00 457.063E+00
365.452E+00 365.667E+00
274.066E+00 274.271E+00
182.681E+00 182.875E+00
91.296E+00 91.479E+00
-89.554E-03 83.298E-03
-91.475E+00 -91.313E+00

-182.860E+00
-274.246E+00
-365.631E+00
-457.016E+00
-348.402E+00

Max: 548.222E+00
Elem: DAMP1-1.2961
Node: 3874

Min: -548.402E+00

Elem: DAMP1-1.3439
Node: 4275

-182.709E+00
-274.105E+00
-365.501E+00
-456.89TE+00
-548.293E+00

Max: 548.459E+00
Elem: DAMP1-1.3420
Node: 1032

Min: -548.293E+00
Elem: DAMP1-1.2961
Node: 3874
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s, 822

SNEG, (fraction = -1.0)

(Avg: 75%) )
543.249E+00
452.386E-+00
361.523E+00
270.660E+00

5,822
SNEG, (fraction=-1.0) _
{Avg: 75%) Y
548.397E+00
456.993E+00
365.588E+00
274.183E+00

179.797E+00 182.778E+00
88.934E+00 91.373E+00
-1.929E+00 -31.815E-03

-92.792E+00 -91.437E+00

-183.655E+00
-274.518E+00
-363.382E+00
-456.24 5E+00
-547.108E+00

Max: 543.249E+00
Elem: DANMP1-1.3985
Node: 1199

Min: -547.108E+00

Elem: DAMP1-1.978
Node: 304

-182.842E+00
-274.246E+00
-365.651E+00
-457.056E+00
-548.461E+00

Max: 548.397E+00
Elem: DAMP1-1.965
Node: 300

Min: -548.461E+00
Elem: DAMP1-1.4427
Node: 1335
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s, 812

SNEG, (fraction=-1.0)

(Avg: 75%) )
268.184E+00

8, 812

SNEG, (fraction =-1.0)

(Avg: 75%)
222.040E+00

229.077E+00 181.403E+00

189.969E+00 140.767E+00
150.862E+00 100.130E+00
111.754E+00 59.493E+00
72.647E+00 18.856E+00
33.340E+00 -21.781E+00
-5.568E+00 -62.417E+00
-44.675E+00 -103.054E+00
-83.782E+00 -143.691E+00
-122.890E+00 -184.328E+00
-161.997E+00 -224.964E+00

-201.105E+00 -265.601E+00

Max: 268.184E+00
Elem: COL-1.142
Node: 132

Min: -201.105E+00
Elem: BEAM-1.368
Node: 7

Max: 222.040E+00
Elem: BEAM-1.176
Node: 112

Min: -265.601E-+00
Elem: COL-1.562
Node: 350
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PE, Max. In-Plane Principal

SNEG, (fraction=-1.0)

(Avg: 75%) T
32.305E-03
29.517E-03
26.729E-03
23.941E-03
21.153E-03
18.365E-03
15.577E-03
12.789E-03
10.001E-03
T.213E-03
4.424E-03
1.636E-03
-1.152E-03

Max: 32.305E-03
Elem: WALL2-1.120
Node: 148

Min: -1.152E-03
Elem: DAMP1-1.2997
Node: 3910

PE, Max. In-Plane Principal
SNEG, (fraction=-1.0) ____

(Avg: 75%)
75.449E-03
69.045E-03
62.641E-03
56.237E-03
49.833E-03
43.430E-03
37.026E-03
30.622E-03
24.218E-03
17.815E-03
11.411E-03
5.007E-03
-1.397E-03

Max: 75.449E-03
Elem: DANIP1-1.3420
Node: 4262

Min: -1.397E-03
Elem: DANIP1-1.952
Node: 296
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U, Ul

9,290E+00
6.781E-+00
4.271E+00
1.762E+00
-747.434E-03
-3.257E+00
-5.766E-+00
-8.276E+00
-10.785E+00
-13.294E+00
-15.804E+00
-18.313E+00
-20.822E+00

Max: 9.290E+00
Node: WALL2-1.101

Min: -20.822E+00
Node: WALL2-1.162

e i
S

N}
N

AR

U, U1

75.207E+00
68.929E+00
62.652E+00
56.375E+00
50.097E+00
43.820E+00
37.542E+00
31.265E+00
24.988E+00
18.710E+00
12.433E+00
6.155E+00

-122.045E-03

Max: 75.207E+00
Node: BEAM-1.84

Min: -122.045E-03
Node: COL-1.427
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U, U3
173.070E+00
156.566E+00
140.063E+00
123.560E+00
107.056E+00
90.553E+00
74.050E+00
57.546E+00
41.043E+00
24.540E+00

8.036E+00
-8.467E+00
-24.970E+00

Max: 173.070E+00
Node: WALL2-1.143

Min: -24.970E+00
Node: WALL2-1.234

U, U3

121.019E+00
104.040E+00
87.061E+00
70.082E+00
53.103E+00
36.124E+00
19.145E+00
2.166E+00
-14.813E+00
-31.792E+00
-48.770E+00
-65.749E+00
-82.728E+00

Max: 121.019E+00

Node: WALL2-1.117

Min: -82.728E+00

Node: WALL2-1.123
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ACYIELD

SNEG, (fraction = -1.0)

(Avg: 75%) =
1.000E+00

AC YIELD
SNEG, (fraction =-1.0)

(Avg: 75%) I~
1.000E+00

916.667E-03
§33.333E-03
750.000E-03
666.667E-03
583.333E-03
500.000E-03
416.667TE-03
333.333E-03
250.000E-03
166.667E-03
83.333E-03
0.000E+00

Max: 1.000E+00
Elem: BEAM-1.41
Node: 96

Min: 0.000E+00
Elem: BEAM-1.1
Node: 1

916.667E-03
833.333E-03
750.000E-03
666.667E-03
583.333E-03
500.000E-03
416.667E-03
333.333E-03
250.000E-03
166.667E-03
83.333E-03
0.000E+00

Max: 1.000E+00
Elem: BEAM-1.1
Node: 1

Min: 0.000E+00
Elem: BEAM-1.8
Node: 63
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Base Shear History Curve

—SPSW-Damper.6
—SPSW-Damper.5
—SPSW-Damper.4
—SPSW-Damper.3
——SPSW-Damper.2
—SPSW-Damper.1

—MF

Base Shear (KN)

L Displacement (mm)
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Beam Von Mises Stress Beam Von Mises Stress

= 500 ——SPSW-Damper.6 = 500 ——SPSW-Damper.6

[-W —— SPSW-Damper.5 [-W ——SPSW-Damper.5

E 400 SPSW-Damper.4 E 400 SPSW-Damper.4

~ ——SPSW-Damper.3 ~— —— SPSW-Damper.3

w ——SPSW-Damper.2 w = SPSW-Damper.2

o 300 —— SPSW-Damper.1 & 300 ——SPSW-Damper.1

= ; ——SPSW E ‘ ——SPSW

@ 200 | ——MF 2 200

w w

@ %]

w2 172}

S 10 s 10

S o ‘ ‘ ‘ ‘ S o | | ‘ ‘

= 0 1000 2000 3000 4000 5000 | = 0 1000 2000 3000 4000 5000
\ Beam Longitudinal Direction (mm) A Beam Longitudinal Direction (mm) )
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Beam Shear Stress Beam Shear Stress
50 250
Py C S
g 0 T . T At T et T L Id — E 200 7:
= ] 1000 2000 3000 4000 5000 = E
~ 50 ~ 150 £
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S 100 £ o
& £ 100 f
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250 L ——SPSW —MF 0 1000 2000 3000 4000 5000
L Beam Longitudinal Direction (mm) JAN Beam Longitudinal Direction (mm) )
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112.539E 100

9ILIGIEHOD

69.857E 100
Moz 327.600E 00
Flem: WATL1 1.15
Node: 169
Min: 69.857E+00
Elem: WALLI-1.14
Node: 154

1064645 00
B6.361E 00

1 Min: 96.561E-00

Elem: WALL1-1.22]
Node; 237

SPSW

46.552]
126.469%. 100
06.356K, 100
%6.24311 00
Max: 327.600E+00
Flem: WALL2 191
Node: 117
Min: $6.243E+00
Elem: WALL2-1.217
Node: 227

S. Vises
SNEG, (Irwction — L4
(Ave: 734%)

160.563E 0
Max: 327 600F-80
Wlem: WALL2 |
Node: 197
Min: 100.563F-00

SPSW-DAMPER.1

£0.179E+00
24.959E+00

[

Mucx: 327.600K 08
Eleas:

Min: 24,9595, 00
Flem: WALL2 1.9

5. Misx
SNEG, (Truetion =
Ave: 7840

M 327,600E-00
Flom: WALL2-1.211
Node: 243
Min: 461955400

Elom; WALL2 1215
Node: 225 Y

Elem: WALL3-1.94
Node: 100

Node: 9 Y
SPSW-DAMPER.2
S, Mises IS
S §, Mives
SNEG, g:xﬂon - SMEG, {fraction = -LIy
) [Avg TS%)
27 6L

Min: H4.015E 100
Elem: WALL3- 1,115
MNoda: 123

SPSW-DAMPER.3
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S, Mises
SNEG, (fraction - -1.4
(Avg: 75%)

327.600E+00

Max: 327.600E 60
Elem: WALL3 1.59
Node: 95

Min: 25.700F-00

Flem: WALL3-1.156
Node: 167

112.499K
92.944K-1H)
: 327.600E 100
Flem: WALL31.239
Node: 271
Min: 92.944E 100
Flem: WALLS 1.59
Node: 9€

SPSW-DAMPER.4

5, Mixex
SNEG. (fraction = - 1.

Min: 209548100
Phom: WALLA 1267
Node: 278

S, Mises
SNEG, (fraction = -1,
(Avg: 78%)

SPSW-DAMPER.6

&85 3L dniion

SIAHL bl

‘_;;Y}s w&ﬁj‘ﬁéJéﬂéjj Mw\iJS.:

~N N Y4 N
Wall Shear Stress Wall Shear Stress Wall Von Mises Stress Wall Von Mises Stress
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