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Performance Evaluation of Yielding Pipe in Pipe Damper by Using Incremental Dynamic Analysis

SR S (Al dlous
1Y w8 N b 1,571 oud (S sle0 S (Sl S5 o yo (Flawtixr 35T

Multi Level Estimation of Reduction Factor in Eccentric Braced Frame Systems with Vertical Link
Olbwxo w9 £ 2L g Lo gale

W6 Cod WO ouis Cow b HI0F 1w SBE 19w (S Cwglioyd glil D Curog 9 CuSeo ,Sb eI2

vo S IC
Study the effect of opening position on shear buckling strength of perforated steel plate girder with delta
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Seismic response of steel structures with buckling restrained braces with and without viscous damper under
near and far fault earthquakes
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Performance Evaluation of Yielding Pipe in Pipe Damper

Using Incremental Dynamic Analysis

A. Cheraghi, S.M. Zahrai
Abstract
Suitable seismic performance, relatively low price and ease in design and implementation are benefits of passive
dampers, but invariant performance parameters proportional to the type and amount of input energy decrease their
efficiency. In this study, at first a new multi stage passive damper with variable stiffness, strength and energy absorption
capacity is introduced and its performance in three 5, 10 and 15-story frames is evaluated by incremental nonlinear
dynamic analysis using the SAP2000 software. Results indicate that despite differences in dynamic parameters of
selected seismic records such as duration of strong ground motions and frequency content, structural performance has
been significantly improved which proved new damper effectiveness on improving the seismic performance of
structures. Besides, results show the structural performance improvement and increasing its energy absorption capacity.
The first mode spectral acceleration of moment frame structures reached 4.75g, 4.53g and 3.369 respectively for 5, 10
and 15-story frames confirming the downward trend by increasing the number of stories. Moreover, the related amounts
in the structures equipped by new damper, were 5.95g, 4.98g and 3.93g respectively. Comparing the median values,
revealed significant differences in the behavior of moment frames and frame equipped by proposed damper such that
increasing the spectral acceleration and relative displacement causes plateau portion in the moment frame IDA graphs
due to the lack of lateral stiffness. But in all three damper equipped structures, performance enhancement and relative
displacement decrement are visible and even at the end of the IDA curves there are remarkable capacity to cope with
lateral forces. According to the results, the proposed damper despite its simplicity, applicability and relatively low cost,
demonstrates good performance in reducing the input energy and seismic vibrations of structures.
Keywords
Multi stage control system, Pipe in pipe damper, Structural capacity, Incremental dynamic analysis

0/ 3Vgd g ojlw (fiagfy g Gale wpi

AN Gl ¢ )lgy - poy g Cuuy (so)latd - poxon (Juw



Sy sl sl bk Sl asliad L] 51K
Slgma dspe on L ossils She Gl
35 Sl Sl 5 i S5 Sl Sl 5 s
Sl o ST [A 5 V] e 5 Sho il e OF VL
S50 3 e bodd pddd oy g Ay s Sl eslind b
5 S S s e a&alT Sl s gl &)
At Gaas 5 VU (655 ol il (5SS
S5 2 ooleiny S k) paes L e L
DA o 2 3o el s o il slaosle
D] J=LKen 5 Abbasnia s Guiss 5o [4] conl ab 8
boosme oo Gkl S, o5 v p & Sllllas o
5 ke il Sl b sl ooV adls 5l esliza
sae NS g8y 5l 3 Ll s e Ll o S
3okl oyl e b sl loy ) OIS a8 o g LS
wil> 5l andlas b s siows 0L SJLT b Ll g5 5 e
S Olpe 4 el pl sl 0L (gl e S ) oY 5
Sk msn 5 eos ol 3 Shee GUls G ISS sae
S eslinal b 1S slge S, ool 33 S o dulgn L3,
W] LK 5 Tirca bw g ol Jlaie VLl o5
Slos s Shas g 5l S @l 35 3 s 3
s ol s Sl Jolle S0 eSS L Al
5 oGt s Ll ol pae b3, Ol SV
Slods (ool losliznd b o5 s mes S O
e 3l ek, dS Ay ssme Jam &S bsalls S5 Gl sls
slasl & 5uS 5l oVl s gas &Ll LS 0 Olss
s s eag Jeane OB VL 5w Sos b Sl s les
st 08 ) eslinal (shae 1 (6331 SDlgal wly » 0T S
el ol e AEL e 3V Slio 3 S
23 et Sl 5L 5 Ll e 3 Shas LS
DIVT a3l s s l cslin (6550 BT 51 Sl oS 005

3 bk et J25 Glagres 51 eslinal
il odize a5 350 ) Sladle 3 &S el (63515
- USSP WS U PSS Sl
S exp oglite Cuoglis 5 e Ll Jaite JAS e
;jj};&"o’uéu},gc»dwowxﬁ%y
el (S5 51 C,k..ac,odaju.u sls,

5 iz mlaw gy J 28 [ o Kes 5 Balendra
DVT L3 GUHL Dlssld e il 5 05815 L)les

e —\
el (635050 51 LSS Gealsls Gble s bejle faite J xS
g5 el B8 5 o5l rdige a5 55 o)l gen &S
Locmbize (550 ol Slde 3555 case o) Jimes S
o3l 4y 315 il lgee o 5 o5l (Salus sla el

2SS L b gl e sdslee s S e
2 o2 R sl Sl pol Glacand ol 8 sla IS5
Sl 33 S o St (3L = B (93555 6551 45 ol ]
cole 5 Wy ol clasl s glole gl j2alS
Ol b e S 18 am s )5 Jade 551 23br Slagiew
el dgdee g BB o5 e b glacl 4 ) lag lu
Sl 5 S ekipd ol s e ST 5l eslinal
Kelly law s lunl a5 cosl o3l glo ) 5 S 55 53 g0
53 gz Slidos OF 5l e L3S~ ee [)] SKinner
{Y] ADAS sl Sl mlb o odd plodl w3 ol
b Gl dex 18] 5 s L 5 (7] TADAS
FB B gk by oS ol 14658 4 b Y pane
sk b A s bl esle 4 oy S5 A S e s
slasl ple s,y 5l 5 o0 gai St Sty Jolis S5
Loslee slasl (BLS fpmen 5 a8 e ol
ssb 4 S Cl gl ahex el pl Ll (6, S P
wrs 2 bales los) O, Pl Cgx 3 0328

el 4 S 13
2SS S, L Sl e G Ol 4 4 Sl eslinad O
L Sl S E ey 2y il Gliee Ly
o Lil [o] Bagheri 3 Maleki olidss 4 Ol g5 oo 4 505 Ol e
bodd 5 Jot s ooV slaald k) anllas b LT 55
Sl Olse 4 balpl ol 5l eslizal Ol w4 oo
oo b als (o 0 S loS ) S At
Sl Conslis 5 e &5 ol OF 51 S 5505 0Ll

ORIA L s e Do 4 b LG Gl
dalt bl e e ISE 4 O s galS 5 calss
2RISR 5 5 b pn Ledd 5 3Y 8 slad 23l
ot et Sl 5 el (SenS Sl pn cenSla 5l 3L
wlad ) sl s s o 0L 55 5l ol 5 o slks
2@V e b ol S les g oY
Jales 558y ol e 5035 1o, 5 0 (55 SVl 5 ol
s Malek alad o slowl (gloy ) GG o8 s 55 S5

290 g ojlw (liing)) g calc gpis /¢

AN JUunls ¢ )lg) - pody g Cuuy (so)latd - paran (Juw



e 5 Cwglie I S0 Aol ul aS el aad Jt glas
Calis 5 Jld g ar g LS oy Sl gldyd Sles
Llgs 4 (Sl S dlasl by daly il LB L
SRS 58 5 el i 4 gud ool d
GRIP L 208 e S35 Sl e b St
O Jlasl bt )l Tlrssl Rl ams 03 5 58
5 e Seaglie 5 e NIB Ca e Gl A e
Sl L s e 55 Sl s ) s e oS L
3 el gladils (bl a3l e Ol
5 Caslis asseze 5 odd Jos 35ly 50 S 0 U Caaslis
235 o 855 SNl Cm e A e et gla
Sl 55 Bd 5l bd g sl &8 il ary L6 &S
Sln b comse ol GRS L (Rl 5 0355 s st
Spdpe e s S sl b bk oS Jadi
LS LS e S el S a5V s
S aslie Ll 0T S, ok s Bl 5 d sl
Ao Ales GRLS Gl LSl S s gladd atee
pas el Sl 51 Olabl w580 S5 ule, L

g dal gt [ﬂéﬂ;\iu‘i{: Ol il S 5 5 Ao lee

Geis ol ol - s

65\‘@"‘:‘3 ;‘J:.a QM}U?J ‘;ﬂ -\-Y

o A VY
Sl s s ssd e e (7)) IS 3 &S shiles
e S ks S b AU Gl (ool )

SEPV NS P NRER UTISUIRLIN S W EE S ol Jlasl

U/ 390 q ojlw (ilinghy 9 palc ayps

Lolasbd e Jlail (oS Glas s 5 s bl oo
S s oo 55 SNl e SWsl gl e sl
S Gb 3 65 Sl s e J5 s o
Zahral (imen 23S o plwil (o5l pde s 5y IS
Sheslaal b bavgs ot (555 Slides VOSO0Q
Jole JSa5 Lals el o 5il5 Oll 5 3B Ligy 5 S 5
oo it Sl o o B Wsy 8 Ssy p SEdl
okt sl b s 5 e e 55 SOl Sl
e S B e 515 DL St sl S
e b D8] 335 ot Slo3 ) 3 Shes 25
e i O n ) ey ,s Gl LSl Gl S
238 0 Jas 3)ls B sae 5 on S Cailes (5B Xsy
5 solgdy (e s e, s (e Gold, e
el il sl 5353 551 ol U5
4 YeVo Jle s Alirezai s Hoseini Hashemi s i s
Ol 5 1815 wslee oS 5 b mbawss ST S, o
3 &S cwl gl S s o2l bt s
5ok ,S 55 Sl Compe o5l Ol ol ey
350 5 ol o 181 e VL lag s s
a0l s e s sl Ol 4 Al e SO V0]
G O GRS S imen d o3 S Lt Wiy
35 olipd 8 (e Sl sleiny ool seu DU
0o utd il 31 L aS ol el 6l Ol iy 55 b
GS ke O iy IS i 315 edd e 3,05 ol O
Cos a5 S ARGk Sllas =l
aomlin 5 Shas LS 2S5 5 2 Gl @IS
el sle a5l 5 VL (6 SO
3P SVl 5 Gk S8 B s 0 e s L
3B m ol bl o e s s Bl slaesla
e SAB L hdin Jake Slie SOl e
old sy alisa OJM 0 oA ede y Caglie (e
sdul b Salus oo 5l eslizal b OF (glo3 ) 5 Shas s 5

.g’wlwﬁ)\}w)ﬁé‘)}a

gty (i (pored Sl Gae Y
O) IS 5 SGled Syse a0 olgnin Shhe Lol ol
Sl 35,8 oo alamde o5 plailen [11] ol e osls 0L
dovy @ S odn 8 USE g A oli S, S
G A LAy e lets 3 fate s 4 ola0 sy

AN Gl ¢ )lgy - poy g Cuuy (so)latd - poxon (Juw



lgiy s S clai-t IS

G i Sl Gl 055 e edalin L

S sshiles ol sdps S s (0) S5 55 0T s
b s osg Hiien oa 51 SLI Ay 5o Tzl 53 335 e aladle
b s e e LS les b 518 Jlesld
SLURS g8 5 e S s eld e o)l
5 s Rl s Al 6551 Sl o e Sty
O ool ) plmsel 5 OGS
Al s Jlasl g edd Jtls A 5 Loy e J slad
oSk o2 Ay s Sl 5 S e 5 Shes e

wigh Lo 51 oS s b Sl o3 53 A 53
s g s edes g8 Sl 3 S sk 4 o
Sy s e SRl ekd Jas sl s A
Crse AP s a5 Sk S s S

235 8350 S

A A Oy o S sl

@lety (s> Sl chie -0 JS3

syl Sualys oo Y

G NS S Sl (s s o gled ) Jlal
ol ke JIs Sl s 2 pde 58 LS (65,0 sl
a3 5 RIS GISHL pKa s WY (55, p el
Joe s s ik s rmes 33,8 e Ladd (S e s Shas
IS cer petSesn Wi @ anle Jlal
Sk JSE SRl s rdse GBS gais 5 S e

el s S a5,

S PP E N i T

s A —Yo-Y
() UKL gles Sy dY 2o Sl s,
© s bl Jdlail Co e oS ols F an ola il
s ooy Ssb 5 s w4 by Jlal el KU
oA o cxe ol olal ces S KL
Sl cou O 03 3l bt Y b sl

Al e S

P NPUA RTINS g &

©) U2 55 sl b S il S

Shls G358 o b &S jshilea ol sl &1
bt 03 o U Gl 555 shis mlan
23Sl 5 TS e s o ge 5 4 S 13 s )
Shasls olid 5 A0S Glagd cod Gl G mi s

gl oles b

2go g ojlw (liing]) g cale aypis /N

AN UG 9 )ley - pody g Cuul so)latdh - porao (Ju



o edle el o b Sl eslinal 35 S (g 3L
T S obd S bl il gl s
6 calloks i 6550 3lul 5 Ol 51 Sl
il Jlol Il s oS e el Sy 03l (555 O
S baesle gl ) ) oS L el g5k Lo dKoks
s g sl (JS s s et b U e Sl

O old el ke glaclS ol ol
Blae i Ols (PGV) ) e 4niy (PGA)
oy 5 (S, T, 5%) Jsl 350 sy dwys 0 sl
Sdd Ol Gy eded S, ol b dobe (giledle S
Ll on &l e Slidew s ol slad s
Aoy3 0 aln b Jsl se b Olid oy b (s ol s
bl b o e el il ol K Olse o
s S

53 08 (SAS sty e s DS Gt S Bl
S FG8 o et 5o 5 bl o el O sbaaal
DNV T s 00 bagenly nl T (sla Ui

LI e P W W R A S 1T
ity it ity Wl e (Salys s il
oty (Db el ol cdn (Kol Jolis i
sPark Laxly L ol = Sl 5l o plmlr
ol 030 gl lis eSOl .ol Ang
J‘M\jjﬁbjyaijW¢dLM;ﬂ)St}$@u_<:m{
Clb s ol ailn bl Gds ) ss )l Lo
s Sles Sl Gyl ol el S Olse
A3 5 Bl Lol (gles )

edolpp o (Salys o Jlos pbel ol NS sk &
5 a5l Sl o b e sladl3ls 55555 ptdall i
Sl GSM Ot dile (sl ) ot oS n (sla by
A Lsde bl S pg s S e (uils
S odd Larls 3l S S e w4l s caloks
3okl pelde AL Glojle dde o ol sl et
Db Sl il Seles s o i o ol
ol SIS L el o SRl ol
oLt 1 g 5 Bl sl losl 555 A & Oy b
Cl Ol L blas Lols atls jlude (s >l 51 K s
Llis 53 cud jarls Ol s s Colg 5 5d e
S, S, pled Gl DA powis 4 o 5se LOWE jals

3 o s S g0

47 3V g ojlw (1iingh g Golc aypls

S S Oy S gl Bl sl O
st o3l 2 5L3 B oS pslie 515 edd ulide (ol
LS col sy osSde o s Sole 4 38 e
oolie by et s Salus la Lo (6w SOl eolina
PIRCHC IS NPITR IR Q- NI (CEUE P
Sl isle Sl slyls sy ol das e &l e5lu sloli
38 0as en 3 Ll on 50390 O Sd b 55 5 03l (sle )
Sl oL e 2,8 15 eslind )5 baesle (gles )
38 s i) 5o sl U5 Sl (S a8 S s
Swelos o il i oS (gosb 4 claesle
5o sbaele Gloy) S, s ekl e 8
5 W] Wlessas Gloss axs5 slos ) 8L cos (oY 5
g 53 ReLlS (olp el (Salus Bl 2, A
ol b 5l Ol e s B L Al
Ll palie 5 Jpol @ ccdlitie Dlidd 53 izeen Lol
03,5 4D (63, Khoe #shans (pnd ol B (Sealus Jolos
oSle slis 4 by SYlasl Exle DA sla s
IDA gla o s 5 gl SV 31 sk AUl
S Sy ol S ssboa [Y 5 0] el eds asls
e S e sl w el Jlos sla s oSG
2V e 4 5L 5 0o 0l (250 Db L
ol O e Sl S s

il e b3 3ylse Jold el Saalus ot ol e

il 5l sl g3de Js 2L @

el e cmle 5 a8, ol bl B

b Sl
il gl asls 5 (IM) Cud jasls Ol ®
('DM)

Sl e alil 5 oduld jsb a5, a el ®
S Sl
s s oAl glaesls sl eslanal L IDA - cov =

erT Cewd 4

IDA o ;5 eslizal 5, 90 Sl=Mhasol 4 v.,aln.a -\-v
T Gras onl oo el 5 DSkl 5 alis ol
AL e o3

Shls e Sl glas, S5 50 S bl o8
B oS s 5l ol bl o 5y sl lacled lie

AN Gl ¢ )lgy - poy g Cuuy (so)latd - poxon (Juw



<0 ) 1 1 1

G i H—Darper|t it o
1 ) 1 1 1
G gy Damper

-y 1 ) ] 1 1

® W Eamper} ; o s o Damper{ ]

. ® 5 ® . @ 5 @

@ T Damper ik ™ Damper |

G-t
11 (! 1

® Ht
vl (! 1

@ iy Dﬁ";‘tper Damper &

©3de oo 3 eslanal 350 (glaesl OO 1 K

IPE330 IPE330
IPE330) S IPE330
IPE360) & IPEA00
IPE360) % IPEA400
1PE400) gE TPE400
IPEAGO g 1PEA0Q
IPEA90 2 IPEA400
IPE400) £ IPE400
[PE4O0) 2 IPE400]
IPEAO E IPEASQ

N A O TPE450
IPE330 - IPE450
IPE360) E IPE450]
IPE360) }% IPE450
IPE400) & IPE430
IPEA00) }% | R

=)

Lol sblis Dlasila -V Jss

bojl (Sl Slaasede 1
O 55 53 8 3 Sl sla el 5l S o3l b5 OLes
Oljes o S Il s 1ol (Sl (180 b
Ol il (Sealus lasiin i 53 Galgdy Sl 0
A e Jdos Sl esliad bpss 5 sl slasse sl

IPB400  IPB340  IPB30) IPB200

IPB450

@ .« 9 9 9 9 9

W | | | | ]
® T Damper| H it + Damper 1

SLl los ) el s 02 Sps BU sp -t
o

Sl 2 Sas 35 0> ol Slae H6 i cnl o
© Olasle ¥ ghite iy 1.8 S S5 Ll e aesle
G 4 (1) S s edd ool 0L O L arb Vo )
Loglae s 5 bwgie obsS gbaolatle sl Olss
Y] Ol o ) 20 V0 Gen 5 YA solilial Lyl 50
e 3 b [YE] SAP2000 53l 5 3l eslizl L [YY
50 oSS (Seelus sl low g OO s I CB S
GOk 5 o5 2 WY Dlib S pli)l oo S 15 ) 5
b Gilae mpe e 5 oSS Toe 5000 (5 4 elkis 5 en e
s L1 o3l [Y0] W3 8 Jlas) e e N s
5SS G AL e e OB Sl L
Sl 55 2 @Bl ol Sl o ot L adlats 55 (5,551 5
5 LSBT g 5w,y S 4 Y s S b g
AL KRNI S PRVRPPRICNC NN TR S TR
S DI Ol gy S s e el g SES
S agse ¢l 5 IPE C»uu)-\ b 0 5ledde T iomas
0) S5 53 bose 5 b g dblis .05 oslisd IPB bl
AL e odalie B

ol sl slas, S, -0
Shles ) @Sk b oolginy Sl s Sas v g
Slyome 5 ol S Sl Oles L [Y1] cslSoks v
skl bulss b p s S eslitad Sgline O3
s lde Slie 4l Jlesl gbaesloks YA
gLy el S Cls o o0b a4 edd ubide
G o/Y Gy easdome 53 oS 5 el lacid e 338
alie sylld 2 b cib boosle sl Ol sl V0
S o35 bl sk kb e cu e ile s 28 S e
cib slis i VY 51 Ll olis [ ,Sie e3sdous 3
oSt plde b b L Al S sl - b
aslizal Solus s 3 gl 5l Ol e beslKoks s
Sl gbaadge 5l eslinal b oednlp  Salys Ll 5 g
el b (V) Jsdor 8 0dd b me ol 255V

el a3 S oy g Slajamsi U o 00 51 iy

290 9 ojlw (Hling}) g palc i /le

AN UG 9 )ley - pody g Cuul so)latdh - porao (Ju



ealaal S50 L;LQJJJS) Slaseie =) J"-\?

[ e S 3l oKl sl _

" s) = (km)“ (irﬁ)g) P(‘;? ol e ©
ov AO/E Voo Yia! TCU045 1444 T
¥4 Yanad! QY OYY USGS 5115 avq Sl sl

£+/4 AANY AVY Y Kakogawa V440 45
vo Ya/N ¢ 1o VYo YARIMCA 1444 SHEs
£ YVto VY s/ovV CDMG-24278 V44t Eros

¥4/4 /et 0t/ in' CDMG -47381 VaAq b pley)
¥4/4v AVVA A A% USGS 1028 Va4 Sl

s YY) 5 £/0Y(g)d/VO(g) yislis i 4w VO
Gl L oS bl e Ja5 s A S s S
o3l 3 5Sde pslie emes Sl e OB Ok sluss
Jol YA (g) 5 £/AA(g) 0/40(g) 5 Sl bl
LB Lajlssad SLL slacand 55 @l el sy A5 S
V0 5V sladlatle fipss b cde o B0 4 500 p ax g
Laosle ol o3 s 5 Sae C3l b e OB s aib
g S 5 ol S a5 pl S J s sl ol jan
&35 Vsoma 5 0355 3540 aih 0 OB 1, 53 e
gl s b LB W b olid Sl i 0K i
Ly aib 10 510 OB s oS ol 4l il ol
503y il Ol Gl Slib s s O &5
Slib 3 gasdoe Sad 3 o O ks 55 a5 Ygena
P TN  RTRCOpF - CIA [ V| G e P
IDA (slalssas o3 diky 5 oSS ol ol 5 sl
Jbs il slaesle s 35m o8Bly sl 3 s SlalS
el Dl ke Sk AL sl se S5b )
2> b 5l (gasdome Sl 3 e O i LS S S
oS s slie Slib ple el O i &S ol S
RGPS (R W M‘K‘ 3 ep akb obl 4 e (b
LT AE 500 0T claSuw ol e 4 Lol IDA (glals ol
OO W) s Ka 53 o aaab Vo 5V 0 o5l gl
sl 4z § 13 aolie 5,50 ahole pslie 5 el esls OLL
BTSN IRV RN Slagove i 5 sl s w
IDA e s L3yl (s callls L calloks
00 N LSt 3l Jools uslie 3l eslizad L 1Y .l 1t
A8 bl 5 anlie Ol dals sl (iluasd 5 AL

))AS))EL«;.A bbﬁ@w@‘mx; J.;j) J”JJ'.’)}'.’.JUU

117 39 g ojlw (1iing]y g Golc aypld

LS ml 253 o edalin (1) Jsdx 53 45 ) shiles
Ol 503 o3k 5l Ol [2a 53 e upeme 6
Oledr o g 5 sldas 5 Sl 23 Slascin 5l ke 50 50
o5 Oloy 55 i oS Sl S5 p3Y g sl o5l s
b Ol 4 sy s Ol 3 se bl Olge 4 esla
L ol gen skl = b slgid o ax 5 L slos ) 518
258 3 ) se sl gilagr 5 b Lo

ajL« UJLS QUJ\J;LSJLM)f‘ﬂJ:JU—* d}-",'

o3 350 osls Ol | dgloge ks Ol i
o5lw &s

(s) (s)
Van% \/vo Sl 05k aib 0
/Y /O Sl lbaabo
WA V/AY Slse sy 4ib Ve
/80 A Sl baib )
/A Y Sl O3 aib V0
At /AT Sl baabe

syl 3 Soolys Jeboos gl -V
5 odd sl bl pslie da fdow Sl ol b el
Sl o peme ojle 5 e OB 3 slel Conlls oyl
e b Glaslagal 5 4B S lE wlis 55 ool
S S eel cs slie Lol IS sk 4 ol sl
et e Jlde G (g 63l gL SR 53I L oS el O
el 4l 2 lajlases 3 odd esls pslis Lol
o o by IDA Glalsgel woar g b s Sole @
Sl T gyl L bejle ad ol o b OB
3V 0 s DB sl sl age Sl ab Sla Lk e

AN Gl ¢ )lgy - poy g Cuuy (so)latd - poxon (Juw




s Ve sl ol Slas ol 0K i aile 5l

ol o3ls OLE (V) S 55 OB av a6l Sloj a0
S 03 g ol g il Slals sl aslie L]
Gosb 4 el eolgiinn Sl sl b 5 e Sl osle
e O SRl i 3 5 b Sl LIEIL S
soee 0dd @l g ole s Slas e L Olib
FE et SB s 5 sl 5 e OB I s (55,
eolgin S dlail il aw a5 S Cnl odaline
s S Jals amd s 5 Ses s e
glab=Me LU b b 5o lsged Sl )3 o 5 00y Dlib

213 3 5m s il Glag LAkl g o5l s

B T R VAR I

{B)Jsl 23a ks it

o] 2 4 6 8 10 12
(3} 2SN o S0 i

(Ao ys 04) &l y3lio 4 by 0 IDA (gl s aslio —\Y IS

Slaos bl ole s S il #slan o
Olge & ABle ks 5 e B Las il s e
$las,sS, sl [TV] FEMASS0 sl _elol  Jbe
ipg oslinal 3 Shes mlaw cd b Jpam g (S
b o O iy ks et OB oy
Sleal s Sas ckw Jsa= = 5 Oy =+/+Y)
Gy oal i (Saalys o b 65 lebad (s
SLols iy 53 L 5 A3k e StaVl e (o Ao
S el e Bmax =*/V) @laib o slassly s O ois
[VA] sl g0 o 58 1y s 55 S S IM s a5
O 52
S slagee 3 SUIGE e 4 cobe L1
o Jilie 5> (et OB a5 Shas il e (V1)
288 I8 Sl s oleig S 4 e U
e O eds L Bz alad (33,8 o abi=dle 5 shailan

b lssad ol ‘”de‘ LS (V) BN L;LAJK.';
ol Sl @ sz o3le SV S b 5 00 o pes
ol 3 s Sl 03515 slag s et 3

600 o] .

I p———

-

5.00

1.00

0 1 2 3 4 5 [3 7 8 9 10 11 12
(2o y0) oSl s 8 0

S s ol jan 4 aab 0 o3lu ;3 IDA la sove Ol i Ly, -A S

M))/\i 50 M

oy

250 Ay esmal
N,
(LS

= 50% IDA

-
- - ."
7w T a4 oA_———

(8) Jsl ose b bz

(szyo) Sl o 8 s

olpon 4 aab Vv o3l 53 IDA (ola s i Ly, -4 S
Loy AL 500 M\ slaSas

(g} Jsl 230 il ol

(2oy2) 5l ot 3l i

ol or 4 4l 10 o3l 53 IDA (gla oo Dl ois g, -V S
dops AL 500 A cSas

2gd g ojlw ¢ lingfy g cale ayps /1P

AN JUunls ¢ )lg) - pody g Cuuy (so)latd - paran (Juw



SIS sl 3 S i s S g5 o N S S s B S S S

Loagrlse 5o Olasle &G s esls & Gl Ol o _ oer 20% of elastic slope ;

s 56 s s ol 5 1l Sl (5,15 § 8z ‘ : -
20 w5 e 5 e GO s 1alS s (sslety % “ : ]
2 e Ol Jla Ol 0 258 B g o gl 1 | ]
c]e_ﬂY' Sy TS Ujj@i@yb&&@@)\ S %0'4' ' ‘ ‘ ' ' il
Sl O Jsgad 5 ad V0 (g) 5 V(g) /0(g) Lib i E oar s - ]
(O 6 O06) 6ol 55 cip w aib 10 50 0 b § O § irmods ccogeny |
olin alie 35,5 e dimSle S ailes s S s 01k eiasl.ics.\.o}s;: RO S f' B} .
ol 5 ks s OB s ool Sy g Sl i % orz o oo o006 01 01z n.im 018 0}18 0.2

maximum interstorey drift ratio, 8

LSJLG"‘:’"&;‘}:‘)‘ oslaiul U”}WJ?:UJQL:J)?'JL‘AMW
il sles ) 3 K 3 5 e SO ks 2SS IDA@xné))ajbsﬁwcjbwaﬁ&ngﬁ—\*Jﬂ

o [¥A]
5 % 6})ﬂ¢é}&a>%‘%l§ J&MQ‘;&M“))Y
l;. J.]aLIA bl W ol “"\ibﬁ Jm AJL:A )‘{}*"-’
6})&)JAJ§L@CJ‘)}JM&:LAY‘4:>LWM)>Y'
4 4 PLgGIo| JSJ “ (:)‘y RS PSS WP RS QL.L.’ J.JL:A 6@)‘3}&.}
et Ot ks (San Sl 0 seme Ll i
M)JY'WZAJQ{L@ d}&)‘&jb .,\..p)}\' JTS\.,\}-
g
Jpz L. cla.ﬂ‘)}i.l\.» Lyl po b Gollas 1 5 03 50 Loyl SNl a=U
: o deon Vo e O ks abE s s ald
a—Sa=1.5g _
63, 5ks o pove olie anslie cpl s edle ol sl S
, s (b pe) olgiin Sl 4 seme s
—e—Sa=1g ~
s Cder cd b Al LS Al V0 5 Y 0 LB Y
ol OF 3 Shas o (55
—8—5a=0.5¢g ?
1 6
R o Wi RTC L T D T e b ) e s G 1
g | TT T badbd Tt eebadb)e O pasbadd o .
Sl 5 bglas) il 0 3l 3 Sha el O o w5 -VE K2 ‘___,—-" B
Z .. .. ¢ . q 4 _’,—’ //.—a”"o’
(Sl bt Jas £ S 054 4 e S
j‘ Immediate 2 : y
J 3 | Occupancy
b 53 ot O ns Olgee (i atb 0 o3l o E)
. . . . Z .o :3 Coll
V0 5V el o S o il HlEs An S el 22 ol

D e L e
Sy SalS s Sl e gesee 30 Lge S glals el _
s S L 5l LU ass (S el ol 2 4 6 8 10 12
(ao,0) l;fb} WVKA).:AJ.)
.hw)ld) elSjS e)Lw B ;‘J}‘ J:JU JLA d\j‘-“ “ .L.::L«L;«.«
|DAW6J)A}@)§L&CJEMMAJ>J;§;MJQ—\VJQ
[YA]

SMas S gl ak o3le L3 5 Ol op e bl

110/ 390 g ojlw (iliaghy 9 (alc eyl

AN Gl ¢ )lgy - poy g Cuuy (so)latd - poxon (Juw



b b s b sl ey s (R Ol A3k s
o 3 el 3 Al 5 e S5l sl
s Gb 5l laesle et L il K3 55
G s oSk Gleadlse s 03 Sl U S

S dale Of gl

S A
Ly bl glas, S, il ol Gl 5 ool o =l
13 300 4 5 5500 B s Ol e

Slasie 5 gl gladsly coale ol (""J‘l"'
(S Sl 355 sk Sde e T liseg )
S es g 35t o Sl Sl T b
Cos baojle Silegr 53 e 2, Sles dge S 0is S o5l
el OF ke Caoglin 5 e aanly 4 il gladl ]
3 S es i Bl L S sdolp (Sl gl s s
b old ol O @l s s b hIE s el
S5 aaab 10 5V 0 Lhas OB osle Jyl s e ST
Loy doge a5 Lo S S YY(G) 5 £/0Y(g) E/VO(g) palis
B Db slias 1L Sde bl pepesms S5
g a Shw gyl oile 5o 5 Sde slie cpizeen AL s
A3 S Lol Y/AY(g) 5 £/AA(g) 0/30(g)

D) 53 e SolE Lpe b Glaglased anilis
Gusb 4l eolgin Slw iy OB 5 i OB o3l
s Shes gugerme Sl (lib s O i Sl L &S
Coaslie 5 e O J1 55 ()L, powie DAL 81 5 050
wile aw ja 5 Yol sdalie LB i OB s (v"}(
G a3 5 Slas s s $3leig Sl Jladl
o s Gl s s enp SRL ol SO
ol sl bl G o5l o glaladle LB i b
)

O s il (Kon (e 0 seme B s
et adals Jsws 31 S 1 dops Ve Sl
awslis cpl s odle Wles gad Lol SVl 4l dsys Yo

eolgin Sls 4 sezme OB (62 Shas sla ioie oolin
ol b b sl LS aidb V0 5V 0 B Y s s
Ju"b“”"\"’: :ngo.& .MIQT:JWdMLgL‘L')Uk;j);\
5 Jlesl Ol ums il 531 b ol Caaglae 5 e 2ol 53
ChB Ll o e oS eas olgily pean L Llpe

10

—@—-Sa=1.5g
—&—Sa=lg
—o—Sa=0.5g

0 1 2 3 4 5 6 7 8 9 10 11 12 13
(0u2)8) [ goms ISCo s

s bskst) aib ) a)bjgﬁ\bwg&ﬂjx,'{,@j};_\o I
(St b b 81 05 o3

aids o )lels
o
\\'.ﬁl’
wn
@
1l
[y
o

0 1 2 3 4 D 6 7 8 9 10 11 12

(2o)8) (o K pss

ajuswsja}la;:)@\oaju)gﬁibwo&ﬁfa@;}:—\‘\y&

(Sl b kot € 515 Ok

2gd g ojlw ¢ lfingfy g ale aypls /Iic

AN JUunls ¢ )lg) - pody g Cuuy (so)latd - paran (Juw



[13] Balendra, T., YU, C.H. and Lee, F.L. (2001), “An
Economical Structural System for Wind and Earthquake
Loads”, Journal of Engineering Structures, VVol. 23, pp. 491—
501.

[14] Zahrai, S.M. and Vosooq, A.K. (2013), “Study of an
Innovative Two-Stage Control System: Chevron Knee
Bracing & Shear Panel in Series Connection”, Journal of
Structural Engineering and Mechanics, Vol. 47, pp. 881-898.

[15] Hoseini Hashemi, B. and Alirezai, M. (2015), “Experimental
Investigation of a Combined System in Steel Braced
Frames”, Journal of Seismology and Earthquake Engineering,
Vol. 17, pp. 181-191.

[16] Cheraghi, A and Zahrai, S.M. (2016), “Innovative Multi-
level Control with Concentric Pipes Along Brace to Reduce
Seismic Response of Steel Frames”, Journal of Construct
Steel Research, Vol. 127, pp. 120-135.

[17] Bazzurro, P. and Cornell, C.A. (1994), “Seismic Hazard
Analysis for Non-Linear Structures. I: Methodology”, ASCE,
Journal of Structural Engineering, Vol. 120, pp. 3320-3344.

[18] Bazzurro, P., and Cornell, C.A. (1994), “Seismic Hazard
Analysis for Non-Linear Structures. II: Applications”,
ASCE, Journal of Structural Engineering, Vol. 120, pp.
3345-3365.

[19] Cornell, C.A., Jalayer, F., Hamburger, R.O., Foutch, D.A.,
CORNELL, C.A., Hamburger, R., Foutch, D.A., Cornell, C.
and Foutch, D.A.(2002), “The Probabilistic Basis for the
2000 SAC/FEMA Steel Moment Frame Guidelines”, ASCE,
Journal of Structural Engineering, Vol. 128, pp 526-533.

[20] Shome, N. and Cornell, C.A. (1999), “Probabilistic Seismic
Demand Analysis of Nonlinear Structures”, Report No.
RMS-35, RMS program, Stanford University.

[21] Vamvatsikos, D. and Cornell, C.A. (2002), Incremental
Dynamic Analysis”, Earthquake Engineering and Structural
Dynamics, Vol. 31, pp. 491-514.

FAv st (OT4E) s s s Laglessle b aalo T [YY]

.[)lfe—?‘r)teﬁ‘ﬂ}(é)bﬂf;}wse')uwﬁf

Slaolalo @l s =, b dOFAY) Dl Lo & jde 5 [YY]
ol ohles n s DLl oY

ezl dleale sl bl (YY) olastle e ol i s [Y4]
o Rl s

[25] Computers and Structures, (2010), Inc. CSI Analysis
Reference Manual for SAP2000, Computer and Structures,
Inc., Berkley, California.

[26] Pacific Earthquake Engineering Research Center (PEER),
(2010), Web-Based PEER Ground Motion Database Berkeley
(CA\) http://peer.berkeley.edu/peer_ ground motion database.

[27] FEMA, (2000), Recommended Seismic Design Criteria for
New Steel Moment-Frame Buildings, Report No. FEMA-
350, SAC Joint Venture, Federal Emergency Management
Agency, Washington DC.

[28] Vamvatsikos, D. and Cornell, C.A. (2002), “The Incremental
Dynamic Analysis and Its Applicational to Performance-
Based Earthquake Engineering”, The 12th European
Conference on Earthquake Engineering, London, England.

10/ 394 g ojlw (iinghy § (ole apil

Sadds 5 Brusb 3l S 5 sl s Shes Sl slexel
(s ) b 5 Sl w4 Cole Loy daler Lus
ol wlee LS L S S Sl et b
e e e R P

2 gad Jool Olsabl Al

e

[1] Kelly, J.M. and Skinner, R.I. (1972), “Mechanisms of Energy
Absorption in Special Devices for Use in Earthquake-
Resistant Structures”, Bulletin of New Zeland Society for
Earthquake Engineering, VVol. 5, pp. 63-88.

[2] Bergman, D.M. and Goel, S.C. (1987), “Evaluation of Cyclic
Testing of Steel Plate Devices for Added Damping and
Stiffness”, Report No.UMCE87-10, The University of
Michigan, MI, USA.

[3] Tsai, K., Chen, H., Hong C. and Su, Y. (1993), “Design of
Steel Triangular Plate Energy Absorbers for Seismic-
Resistant Construction”, Journal of Earthquake Spectra, Vol.
9, pp. 505-528.

[4] Nakashima, M., lwai, S., lwata, M., Takeuchi, T., Konomi, S.,
Akazawa, T. and Saburi, K. (1994), “Energy Dissipation
Behaviour of Shear Panels Made of Low Yield Steel”,
Earthquake Engineering and Structural Dynamics, Vol. 23,
pp. 1299-1313.

[5] Maleki, S. and Bagheri, S. (2010), “Pipe Damper, Part I:
Experimental and  Analytical ~ Study”, Journal of
Constructional Steel Research, Vol. 66, pp. 1088-1095.

s SO o xe” (OTAO) (08 5 5 i oSy 2 SO [1]
o35l ETADAS o psn S|y O dslis 5 g Jb e Sl
Ol sles ) il C}u"‘ Sl e bea

[7] Maleki, S.H. and Mahjoubi, S. (2013), “Dual-Pipe Damper”,

Journal of Constructional Steel Research, Vol. 85, pp. 81-91.

[8] Maleki, S.H. and Mahjoubi, S. (2014), “Infilled—Pipe
Damper”, Journal of Construct Steel Research, Vol. 98, pp.
45-58.

[9] Mahjoubi, S. and Maleki, S.H. (2016), “Seismic Performance
Evaluation and Dsign of Steel Structures Equipped with
Dual-Pipe Dampers”, Journal of Construct Steel Research,
Vol. 122, pp. 25-39.

Ol Shoe oo 27 OYAQ) e (BB 5 Gup s s i ol 1)1
i BT Vb Gl S e e slausl 5o 0 S
O s pbige Moll (0 K5 (ponia ol x|

[11] Tirca, L., Danila, N. and Caprarelli, C. (2014), “Numerical

Modelling of Dissipative Pin Devices for Brace-Column

Connections”, Journal of Constructional Steel Research, Vol.
94, pp. 137-149.

[12] Ahmady Jazany, R., Shademan Heidari, P. and Kayhani, H.
(2010), “Using Circular Jagged Plates as Hysteretic Metallic
Damper”, 14" European Conference on Earthquake
Engineering, Republic of Macedonia.

.

- &
! Intensity Measure
2 Damage Measure

AN UG 9 )le) - pody 9 Cuul so)ladd - porao (Jw






S lee SV ol p L8 ) o po (b 84T 9
S iges b 1,519 0

;ﬁv&w}‘ Lo e ‘\C)‘_' L

Olaws c&)’\“. 3\)] eK..id\b Olaw v\}\j quubS B ‘5‘5))‘ ggc.g;};‘j CJUL:-&?J _)de ‘.,\..':rj L}AL\.&)[S -\
Olas aj‘)’uw\ :‘)'T NEEHE Ol J\>U ‘Q‘N kg oj; LJ\L«QJ‘.‘}S BaE L_s‘°j)j &.:«Q}Sj Quti:d jS),a 4)\:‘1.3\5 -y
a.mortezaei@semnaniau.ac.ir YoV E1-\VA iy §stis Olbias

QAE\ZARVA LR -Jn Y '@)L; AYAV8/0A sl s '@)U)

oS>

olo 53 b2 J 28 Gbaiss e 5 6N R oo Skl et d STy slagtles s (5B sladi Sl eslin
S5 e b Gl aalllan ol 3pdoee Lol el 4 S S s JKE) (o s gt 3 ek plnil (Sla s
S L Ll cul s plal oo 255 5 i s 0T (b 5 o ol 3B Gladi g 4 e SLLOB 55 ol p Sl
b ol asdlae LS am s ol s ol sl 5 5S0e lojl e b aib A 5 £ Sletle lasB gl sl 55 cnl woud b
b ol el S8 B 5 (sles ) 5L el O sl 5 (e i Ol 5 b 351 53 bt Slalllas S
2> BB les ) slerel ClbB B AL b Sl b S eslinal 5 Sl Jlsy 5 VU 6k IS S e (ol

Sged Al b OB gl s (VU 5 o gie glaoai

SAS 051

sl Pl (Sealos o Gl g 0 (@B L ST sl

Multi-Level Estimation of Reduction Factor in Eccentric
Braced Frame Systems with Vertical Link

V. Mohsenian, A.R. Mortezaei

Abstract

The use of vertical links in eccentric braced frames, in addition to special system privileges, is one of the best methods
of passive structural control. Past studies regarding the reduction factor of aforementioned systems are valuable but
limited. The purpose of this study was to understand the mechanism of failure in frames equipped with vertical links,
during which, while defining and elaborating the estimation steps of demand and capacity reduction factors, these two
parameters have been evaluated for 4 and 8-story building frames with the aforementioned systems. The distinction
between the present study and other similar studies of reduction factor estimation is multilevel assessment based on
seismic demand and frame capacity. Based on the results, the system has high ductility, so that the use of design
reduction factor up to 8 will also provide reasonable seismic reliability for frame buildings under the medium and high
earthquake intensities.

Keywords
Eccentric braced frames, vertical link, reduction factor, IDA
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Study the Effect of Opening Position and Shape on Shear
Buckling Strength of Perforated Steel Plate Girder with
Delta Stiffeners under Shear Force

S. Ghouhestani, M. Shiri

Abstract

Nowadays, the use of plate girder in different kinds of structures has been increased. One of these is plate girder with
delta stiffener. Investigations have shown that the bending and shearing behavior of plate girder with delta stiffener are
better than usual plate girder with uniform sections. Preparing web openings to make space for service, inspection and
passing the big pipes is unavoidable in plate girders. In this study, employing ANSY'S v.12 software, the modeling of
hole in the web of plate girder was done and the effective parameters on shear buckling strength of perforated steel
plate girder was considered to study the structural behavior and optimum range for Preparation of web hole and the
best form of ordinary kinds of hole. The results show that, the best web performance location is between 0.30 until
0.35 of length, optimum of effective height parameter (ratio of hole diameter to distance of stiffener connection from
intersection at web to the bottom flange) is between 0.26 until 0.27, and there is a linear behavior between shear
buckling strength versus changes in hole diameter of opening which is presented by an equation. The comparison
between different opening shape with equal surface (square, circle and triangle) indicates that the square opening has
the priority in buckling shear strength in comparison with other shapes.

Keywords
Plate girder, Delta stiffener, Perforated, Shear buckling
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Multi-Objective Optimization of Semi-Active Fluid
Viscous Dampers using Imperialistic
Competitive Algorithm

M. Babaei, M. Moradi

Abstract

Semi-active control systems and semi-active fluid viscous dampers as a subset of these systems, have shown their
ability to reduce seismic responses of building, one of the most important advantages of these dampers is ability of
adjusting with structures behavior to overcome the earthquake forces. In this thesis, multi-objective optimization of
operation of semi-active fluid viscous dampers in reduction of seismic responses of buildings subjected to horizontal
components of earthquake accelerations is studied. The optimum number and position of dampers are considered as
decision variables and structural responses such as maximum story acceleration, maximum last story displacement and
maximum story drift are considered as objective functions, should be minimized. The optimal solutions show that
although viscous dampers reduce the structural responses, however, a certain configuration of dampers in specific
locations of the structure could be efficient for reduction of the structural responses.

Keywords
Semi-active control, Fluid viscous damper, Multi-objective optimization, Imperialistic competitive algorithm
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Seismic Response of Steel Structures with Buckling Restrained
Braces with and without Viscous Damper under
Near and Far Fault Earthquakes

H. Beiraghi

Abstract

The appreciation of buckling restrained brace systems has increased over the past two decades. The relatively high
energy losses and optimal ductility are the characteristics of this system and the | displacement control as well as the
residual displacement is challenging issues under the earthquake. In this paper, the behavior of simple frame structures
with buckling restrained braces with and without viscous dampers in intermediate and high rise buildings under the
influence of near fault and far fault records was investigated. Initially, the structures were analyzed using a spectral
dynamical analysis method and valid regulations. Then nonlinear model of structures was developed in PERFORM-3D
software and nonlinear time history analysis was performed. The response of the structures was examined and
compared. The results show that the inter-story relative displacement in the structure with buckling restrained braces
and fluid damper under far fault earthquakes compared to without damper case decreases by about 30%, with the
corresponding value under the near-earthquake of about 15%. The maximum resistive force of the liquid damper
appears at the moment of the most inter story relative velocity, and this is evident in the buckling restrained brace in
the most inter story relative displacement. Due to the phase of relative inter story displacement and relative inter story
velocity, the use of a hybrid system can lead to better control of structural responses.

Keywords
Frame, Viscous fluid damper, Buckling restrained braces earthquake, Residual inter-story drift, Time history, Analysis
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Cyclic Behavior of Beam-to-Column Connection
with Yielding Steel Rods Damper in shear

R. Molavi, M. lzadinia, A. Shahidi

Abstract

The present study tries to examine the seismic behavior of a new type of beam-column connection having yielding
damper with circular placement pattern. The main purpose of the proposed system is to use yielding dampers in a
space as high as the beam depth in order to occupy much lesser space, and not to reduce the useful height of the story
in the beam-column connection, so that the inelastic deformations from cyclic loading is restricted to the dampers.
Three samples were made in the laboratory and were loaded up to 0.05 radian rotation under the cyclic loading. In
order to evaluate the numerical modeling techniques and analyses in predicting the cyclic behavior of the proposed
connections, finite element models of laboratory samples were made and were analyzed based on corresponding
loading pattern. Based on the numerical and experimental results, inelastic deformations were concentrated in the
dampers for all proposed connections and the beam and the column remained within the elastic range. It is also
possible to achieve a higher resistance that of the plastic moment of the beam in the proposed connection with a
suitable design.

Keywords
Beam-to-column connection, Yielding steel rod damper, Cyclic behavior
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Effective Length Coefficient of Web-Tapered Columns in
Gable Frames with Finite Differences Methods
for Non-sway Buckling

A. Safavy, A. Hagollahi

Abstract

In this paper, non- sway flexural buckling for non-prismatic columns is analyzed. The studied structures are one-bay
gable frames, which are evaluated for in-plane buckling, and their two bases are hinged or rigid. The approach applied
virtual work and finite difference methods. First, the length of the column is divided into "n" parts. Then the
deformation differential equations of these parts are converted into finite difference forms. Thus " n-1" linear equations
with " n" variables are obtained. These variables are the lateral displacements of the specified points on the length of
the column. Now, an equation is required to complete the system of linear equations. It can be obtained by employing
the virtual work method. The equations’ system corresponds to a matrix equation in which the coefficient matrix is a
square matrix. By letting the determinant of this matrix be equal to zero, an n-degree linear equation is produced. The
buckling load is the minimum root of this equation. The results are shown in dimensionless charts. To verify the
results, some examples are solved with the introduced method and other methods. The comparison shows that the
buckling load can be easily calculated using the introduced method with a good accuracy.

Keywords
Gable frames, Non-sway buckling, Non-prismatic columns, Finite differences method, Virtual work method
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Investigation on the Influence of Strips of Slit Dampers on
the Seismic Performance of Beam-to-Column Connections
and Introducing Dual T-Shaped Slit Dampers

Kh. Bayat, B. Shekastehband

Abstract

It is proposed to use slit dampers to prevent brittle fracture in the connections and to reduce the post-earthquake
damage. These dampers have a limited number of strips which dissipate seismic energy by plastic deformation and
preserve the main structural members from damage. In order to study the effect of strips on energy dissipation capacity
of slit dampers, two cases involving an orientation at a 45 angle and combination of vertical and horizontal
orientations were cosidered. In addition, the seismic performance of rigid beam-to-column connections with a double
t-shaped slit damper has been evaluated. All the models have been analysed using nonlinear finite element software
package ABAQUS under cyclic loading. Based on the obtained results, the moment capacity of the dampers with
oblique strips and combined ones under repeated cyclic action is 2 times and 1.3 times, respectively, higher than that
of the damper proposed by oh et al.The slit dampers with oblique strips can attain high energy dissipation capacity up
to 2 times of those with vertical strips. The proposed dual t-shaped slit damper shows good energy dissipation
capacity.

Keywords
Slit dampers, Oblique strips, Combined, Dual T-shaped dampre
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