D
e Ol es g kige
1A Jle ¥ ol (AL o5

QU0 ki (599 PO Wign i Jobr il
S99 g 499 039> S ) Cxi oY 8 Sl Wk

#®#Y . \
SR G dew ¢ 2l ST

Q‘j@; GK..:J) ngJA.Q em‘) gd‘}.}) u«uv\.‘.@,o c.l...:a)‘ L;..JL.;)[S 6}}:.;4‘3 =)

Ohe o5 Ol pos 023l ¢ Jlas Glacatla 3 Cu pde 5 owdige ele (a8 olial =Y

mzahrai@ut.ac.ir

VY- VIYE] : sl &b

DN Y] il o ol

oUu>

I35 o 5 aU sl glasl s Tl s losle b s losle ol 5 45 ol cpl 5505 352 305 Oludige o &S iou

P 3 ph e 03y e S0 ,ead lols aniy Sl ealizal L (glesle 5 Sles FEMAS56 oz 31 IS ol (glaaslborl 53 553 0 sl
@il 1) age S Al e 5 Lol losle s Shas iy 1 L ot o8 L8 Bk gla S5 on iy Sla IS0 5035 s ol J-
Rl el e Sl odis il lassle Ol 3laBl 5 loile s 3 Sl sla S8 i als sl

e bl oo Gl odis ol Slacsla sl BL b b il 53 bl on Sees 5 S Ol 4 LB Ll SOl i

or ol L f‘]‘b V_‘IB Jdﬁﬁ;ﬁ;jh')ib‘\SMM)@diyﬁ ;_)BJ})K.L.’LG Q&Aﬁ:.!: J:'AJ;"’ O_:‘); Lledds

Yo Jj.]a Q)}J wl....a AM)QL.:J a.\.AI Cowd @_LD NG I W (L:u] a)l...ﬂ )L§.L|LA Q&Aﬁ:.!: S V_"LS _b):._‘j:: J).]a ﬁJU} ol

S5 5 JuS Soag s Sl sl esle UG i S0 i J RS imen 5 F0S SBUl O i 1al sl e Sl

.\'_'M»‘J.wf)'\)jbajr

S 51 a3 e 5 JeS S5 es e a5 Gl 0l i (o6 X5 5 1SS OB 319

v . g L N
oDl &S el (551 ST (gl o i sd (ol (Sla
NG|
Z . T - . i< Yo
S 2 AL LR WE SO 5 b
Losls rb.é‘ oS gyl ‘-SAMJJT sl bl
s Pl Slaptanw &5 Lsls 0L @dlas pl 5L oS

. b
}611-’%&&5 shls 50 5l — lacad gl sl &)
: t

w

1 Shear panel system
2 Matteis

a(

dordo —)

el bl s gl i, ol gladle s
33 a4 oile a8 slajlpl cal edd b A3 gl S,
S S a5 laslalir ol Jol s 13 58 o o
U S5A 305 ) (e d U8 en g el pi el e
S o RS s o5l 4 5

Gy Sl sLa 51, ol £33 A
LLE 55 e sy p AL ls ol 5 SV
L a s 50 o2 (82555 @550 5 N o a3l 51 ol
LS o g L or o by lge cpl oS (5002


mailto:mzahrai@ut.ac.ir

S Gle b s 2l ST

ITT PE I u  R CH PR LU TPy it Lo 5 Jsb 30

folie 5l sy slays ol bl (Kl il cilS
sl G 03 04 ol sk 4 5 b Ol sdd o
2> S5 5ap Bl Gak SO, base dsy ol
Ol 4 Jla glaediS oo oS fuats o5 (30 Wi S e
[8] Lsls 55,0 555 5l ches Wgy S

53 Ol S fe il e et SIS
St 3 Ol CeS 2l sl plaels (G K gl
5 USL 9] sls Ll s Gl e e IS8 L,
p53SS olde L 1) el Yoo Jle s 5 oK
LoV Ll o o odd el (i L slays )
5 LS EslS b Oas ol a= L sV 5 YL s Sles
53 il D, L A s glass aS sl Ol
LI s oS s bila s 5o 5 L5 SlS (6551 SVl
L OLes 5 sl [10] ol ar s LG S oS
Ohre Ol G o) 5 Gl losle ladde 5l eslanad
S gars ool s 3 Dl Gl ) s
b Ls S ol dahlesl mls slos 1 SY 5l IS
[11] 3500 s e b S8 S 6520 Jome Ol
ASTM A992 5Y 35 (55, |y ala il ol 5 7 S13]
oee 030 Kaslee b GlacB o Wigy 0 L8, ) 0 6l 2
e T S L o A
o Oy 4 O Jlail Olipr 5 gy 5 s liS o
J12] W5 gal

S50 ARG 5 G308 s G S50 s o
i e 05 s lusles LB o b L S
A sl S e ss 4 Soap Ol N0 el
L3l Cewses Lm0 Sl Jb T b g 0 0L,
C}lﬁ—w L Alg e a4 bgd éalfu el as sl Ol
Oes 5 ol 18] wl ces VL i S

Sl o b sl 5 b S OSL sla ]

[2] cd VL (6550 SHgaal ols
8 $a5 @0 Tro Jlo 5s OLKes 5 UL
Ol 0 ol A eV L la Bl S s
4 Ll Ol Ll sl plowil aoletlur glo3 ) I8 )

_ . . . b .
;Méb\;&lﬁ)b)i' ,-tf&%,s . sl ¢l

Bl s o S S

Bl s, S ss) OKes 5 TLaalst
andllas (550 Sl Gl 1) ol ks = L S
e b L G Bl ek e 0T s S
la bl 45 wsls 0L 5 L3 g0 Lilasl Jpeme 3V oo
b 5 Sl B s Il e e Sl e gl
Shicse Gy 58 5n 4l K bnbol s s
o Slgiass (6550 Ol Lo ,@0 a5 sl ol odalie sdzes
03 edd St 550 ol VO L8 a s s Bl ¢l
[4] el 8 6L"°p-:-:~’

Aoy & kS plnil ot 12 s |l s uli
G Yt Jl s S Slalllas 5 Sl 5 S
ol <=L>.=3| AISC 6\5)') slas sl b RS e K
ARG pslie U olg b e b as asie ol
Gl > N gla Ol s wdl o Sales
[6,5] 555

Lo p L sla,s Yoo¥ Jl s 0es 5 ° )l
fre L oYie

5 db 68Y lacussdms s p ke 4 |y (UKL

OLE ol A= L) ASTM A992 Y

bl palie 5058 Smlesl 0580 Conslin ul s 5,51

Che a4 ladised am ol 2 L Lsses AU |, AISC2002

Ol glaediS o slgl 5l S 30 Ngm 5 Obr SO
[7] 35 ij.u

Bg0d 33 Say Sl Gy OLan 5 il

G 02 @Bl b Gl iy ol 2 B i L 8

7 Galvez

8 Buckle

9 Chao

10 Okazaki
11 Berman
12 Chan

48

1 Tanaka

2 Nakashima
3 Dusicka

4 ltani

5 Arce

6 McDaniel



\Y‘\-\JLN/V e)u/rﬁm 092

roe Oles (pdige (Das5 = gelo ale

SDOF (gla s S5 st Sl £ 55 5 (Sloj ) ol (ks
S 0L Kimss ol o Ollas olad sl S
bl 53 3 5m g0 O S b Sias 4t |y ($550se
b Bl O S5 gl FEMA356
sleiy spmse slassle bl b L lole glasls
18] &5 3

3 Fe g Glodes U sy 5 dsb Sl Obe nl o
S Coul oals DL sdaze sledmagsy sl OB (6 4 K3
Losladisg 5o 5 dp Jeate obS Jsb b gladisy o2
e B Ly 5 B et ke il b
5 e B ol s el s See
1191 5513 oy 4 5 2y IS5

L ARkl —gste Glallas L5 bae 5 S1ya5
64 Lsls rl?;:\ sl S @ V’:G Lo P Er T SW
Lo 5 plake mhaw Dlasile Ogmmen ogo 35050 51 (52
Ol sdiScon Ll 13 5 Auslge (6,8 e 5 sk (56
IPE slaie 51 gy 15 Sl ol 2 esdle 5% ks> Xigy
USEH e Jb s b sblie sl 4 o Jpane sV U
Ll SeS aupr oM bl daj.a 3 gad eslanl
sls b dau,: G S |y ol Gam 5
[20]

@ S0l oo lles GBSl eslanal o5l
Silepslie b (Al 3 il loj ) gla el e
Sl el g 3550 503 ) bl 5 Lagsla
Dy 3 sky a4 e el ileg s b3
psbrn Ll ol sl Sl (sl S i (slacys sioms
) omess |y Bk sla S8 i Ol S8 S 3 g gas
o3l 53 JBLle GO i e (S35 S0 i S
el 3131 a3 S

G S ks asls &Sl o ax g b hass opl o
sbosle Gl @oladl 5 S end 5o oLl U
Bl SO a5 OF posdle 5 035 pgo o> ol

olile Bl b b Lol 5o b el o Sege Sl (S Olss

49

ol g 3V SHL Gl S w0 S Ly
Sl & 5 L 5 Lals il S5 b33 ankd S s
3o SLOB los ) 3legr sl 1 O 5,8 VL (31
J14] X5 405 4o g5

DBl O ;x5 awls 350 3 adsl Slaalie
5 ol als 4 1n) 3 SDOF (slapio Szuly 52
GO s o Sle ol Kimss cpl s &Ll 55,
booosSy Vo Saedl ¥l slagrns sl Sl
O s ke 3l 2i doys £0 &S Wa S 518
Nambu 455 5 dss [15] 55 S|, — FLR AT P Lo H I
0 Sop o s Csl S eade V440 e s
Ll Sl adllas sl TS e by sbaal
1K 55 ol 313 plal Bl Ol 1k e Sila
Sdr 53 5 Sl sVl el 51 B AL ol o
H=2,4,6 (5 s 1SS 5| jasie C]a.d 4w L SDOF ool g
alas g a3 S 15 03 Sy 2,55, V) 8l co &S
B e S g B Cad oS B S am T s S
else Sy wils SNl SOl s als 3 g5 LG
2 S s b ol W G Ll
Sllas bl 5 [16] L5106 5,30 Bl ol s
L Bl GOt 5l i Tlpdl S (L3 el ol
iS5l 0l gy 5wl s s b sbaal b sl
C]a_ﬂ o B O uxs slaus s ol &1 Cab s
[17] s5ls L;<:..4..: ‘V':'L“:' Sy e

ooyt 53 sl OLKes 5 Toslel SO0«
Oe s iy 31 eslinad L 8L O ;uxs 03 S o 5dle
Sl 1 OLSe Slasiin L SDOF s [l Szl
56 G Bt ol o Wlesls ol RC K2 6 o5l
WLl wlde (gloj ) i da.d 93 4 aS o) e T
05,5 o3dle i &S W S oylil Ol Kiaags ool Lla S 413
Shdm e 4 Lol Sasl, s Bub o s

1 Mahin

2 MacRae

3 Kawashima
4 Pampanin



S Gle b s 2l ST

ITT PE I u  R CH PR LU TPy erJJﬁJ;J_,LJ;U

SAM, s ples glesl JSIM, Gy adal; s
Joee 55 Ui G 5l S e sl el B sl
ezl G051 4S5 i SB 5 (slesl )
IG5 4l W S 4 55 [25] 5,88 Slaxstle pwdie
OLZS La oy o 395 3 9doe 0Ll +/0V0 4 Wsn 5 5y
Sl Jmis (65 5 SVl Sd b oy po ol 5o S 5l
o 5 V448 3 55 5 oS cnl by AT ol
[24] 55 eslial 5 alaly 3148 L5 gl

(k+1)M

e <0.35 (0)

Vv

p
o gl S s e () adaly 0lan o
Oded ol L s ol sld 330 M = 0.5M
Sl Dlalad ol oy 4 (551 (@B L 5 Ol 2 5
ol Al e Bl SVl slesle slasl b 535
AISC2002 b s st al o5 5Y 55 51 Al Slaas
Or ksi 5l als by sla 5 SV b aasiie Ll 5wl
ausly [22] 408 55las e ;e Ble e SASTO L
b e sl bl Sl S (G s i S b
Lo s = AISC2002 Gob ol (5B Lgy 5 e
L;lﬂy/u\@‘)\}:aw\l.elvlp/vp 5l S Jsb L K
OLsly /oY as2.6M [V N i sk L ks sla s
Aol laas o ol s ladsb sl .l ol 3 gds
4 4 pslie (5l IBC2000 lae .5 g eslinal oligss

[23] ol 5 3505 OLsl, +/0T 5 0/04
l_glj-_?uJJ_nG'ﬁﬁIPEt]aiapvjlé.UﬁdLaJ;
Solwdde (5 e Lw fr 5Y0 Fe (Yo ¥ glads b
(Y 3 )) sladsdr Gl 3, sla Bl ablis k5

Ll ol w555 4l Ll g ey el Sl
QJMHQMQ@élﬁaMc:mldaLb
e o (3,00 5 e DMs b cslie L O (e
Lil 551 i Gl el Sl g 3 U Xpd 35
edhs 5okl ol Blie L s5,0 Hl Cod e sed
= =i S Al shad s 5l AU 65 S ol

255 S s

o0

Dlods b me Laes S Joosd (sl ais ol (slaojle
i IS B8 B 55 LB Ksy 0 cilie bad b
O sdile 3L OIS 1ot 5 aib A 5 0 63lu ol OIS i &b
SR oz 2o S 5 oas s S Sesp glads gl

2 S

B Ko i (>l 4 baryw Luly; Y
b B g 5 s 4 655 SOl sk o
i o6 L 5 S el el Sl ol oyl il
A ISt 5 (65,01 Sl 53 S e a5k o b
o Sl sl ple a8 osb s e 0L s 5 YL
IS w0 sy 5 Jsb ail e L SN -
el 81y il s ol b g sl el
Ll L sl 4 el ol S L sla s g 2 Shes
Sl 6l 2] il sy, S s suaze gla il
das ) e 53 (S8 Sl S B s (S S
,22] JiS e 3 5ds 5 sldie w1y Jeade Jgb el ]

23

esl.ﬁvp M)

p
@ s 5 s b Lo 0s e (V) dal) o
Sy by Cd bV Sty S e b oM

p

S s Gl alS bl ddaly 4 Ol g 4 [24] Lol

Jsb 4S8 105 g0l deo 55 Sl QLSS Wgo L5 b g5 K
g 5 gdowe (V) ddal) Ol5ee 44 Lg 5
M

e<1.4—"
v

p
o5 ol o DL Gy b g S s s
gl s o e Sl e A a5 L s sl
[24] 3 g oslanal (€ 5 Y) adaly 51 S5 slesl a0 Sl

Qy)

(k+DM |
eso.7—v ™)
MZ
k = v t)



\T"\'\Jb/? e)w/rﬁm”j:

oot Ol e wdige Sash — ele Ao

oJ\_'«;SJ.».é;A 6}b b ol (2 UNP 80)/\' L;':\.))U JJJJ
a=Lw PL 300*300%10 slasl a4y 3,5 31 Lm0 4 ladylee
@ Ly o Jlall e o ol 15 Gl s Sl el
RGPS WS VLo e tl.a:o oS w3 3l “51«\9\ Y
[26] e 23T 4 ged 53 @ Ly S5 Sz Y S

/muw\

N Strain gage (rose)

Fig. 2. Details of the vertical link beam in experimental frame
[26]

53 et sl B Wy 5 5 OB ks Slasits
Jodr 53 Km0 SO Slasein 5 (8 5 ) glad s
[22] " iyl 13l 5 51 3mdin 8l o skel (0)
3 LS s games Juld 5l 5 el il ol alin
SIS 5 035 el il sl 2 5 las el
[27] 5505 5 86 5 5 Sn Slaain 5o 1 s 5 oled e

uniaxialMaterial I esli ol Ly 155816 5 52 Ve s,
SYss esle ol (gl sms ol Ll sl s a5 Steel02
Sossnl S SN sicsw L Giuffre-Menegotto-Pinto
sl oals QLS (1) S s esle 5l ot 35, 40 LS @
element ¢ 55 5l Oy 5 sl a0l _Jl el
9 element truss ¢ 3l a5 )lgs 5 elasticBeamColumn
ol o iy | st b O 55 OWII L (6 gy
Jsb 55 mdy 03 28 w55 ot 18 Ot 5 0L
3,8 ok a1, oldl

1 OpenSees
2 element nonlinearBeamColumn

ol

@@a)b); s L;LAJJL_: C]aLE.» N Jgue

Story Shear panel Vertical link beam
number section length (cm)
1 IPE240 20-25-30-35-40
2 IPE200 20-25-30-35-40
3 IPE180 20-25-30-35-40
4 IPE180 20-25-30-35-40
5 IPE140 20-25-30-35-40

Table. 1. Shear panel sections in the five-story structure
aib claosle o b sla b Cbu,, Y Jgo

Story Shear panel Vertical link beam
number section length (cm)
1 IPE270 20-25-30-35-40
2 IPE270 20-25-30-35-40
3 IPE270 20-25-30-35-40
4 IPE240 20-25-30-35-40
5 IPE240 20-25-30-35-40
6 IPE240 20-25-30-35-40
7 IPE180 20-25-30-35-40
8 IPE180 20-25-30-35-40
Table. 2. Shear panel sections in the eight-story
structure
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Fig. 1. Details of one-span experimental frame [26]
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Fig. 4. Displacement protocol applied to the frame [26]
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Fig. 5. Hinge joints in the tested frame [26]
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Fig. 3. Behavior curve of the steel02 material [28]
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[26] U Clasin ¥ Jgde

Shear panel SPS2
Column section IPB120
Column height (cm) 300
Beam section IPB140
Beam length (cm) 420
Brace section 2UNP80
Brace length (cm) 345

Table. 3. Frame specifications [26]

[26] W5 Ly 5 owdin ot £ Jgder

Vertical link beam section IPE140
Vertical link beam length 20
(cm)
Stiffness thickness (mm) 10
Stiffness distance (cm) 10
Table 4. Geometrical specifications of the vertical link beam

[26]

[26] w0 g o5 SOl Slasiie 0 Jgur

Shear panel SPS2
F, kgl/cm?® 4822
F, kglcm’ 3372
Table 5. Mechanical properties of the vertical link beam

[26]
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Element Type Section
Beam B1 IPE360
Beam B2 IPE240

Column C1 IPB360

Column C2 IPB280

Column C3 IPB240

Column C4 IPB220

Column C5 IPB200

Column C6 IPB160
Brace Brl 2UNP160
Brace Br2 2UNP140
Brace Br3 2UNP120
Brace Br4 2UNP100

Table. 7. Specifications of the eight-story structure with
Chevron bracing [26]
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Fig. 7. Five-story structure with Chevron bracing [26]

[26] s 5% hsles b aib i o3l A S

B B2 B2 BL

= c8| /Bra\ |c€ 8 /pea [€6 6| m
Bl 2 Bi L

ce| c6) N |ce ce P I
Bl 2Br‘ EBr B “l

cs c4d cd c4 c4 C3| =
BL a3 Bl 423 B ||

[} cd B\, (€4 c4 Br3 c4 C3|
F3 B B2 Bl 1

c4 c2 c2 c?| c2 cd| o
Bl Bre Bro B Tl

c4 cz| /BraN e cg| sBeaN 2 4]~
Bl Lha 2 B |_L

<3 cl| e |€l <l An cl 3]
Bl B2 Bl B2 B1 1

c3 cl Bl cl Al Bt [} c3| m
-_ 5 s T s 5 s —

Fig. 8. Eight-story structure with Chevron bracing [26]
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Fig. 6. Compatibility of the numerical and experimental

models
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Element Type Section
Beam B1 IPE360
Beam B2 IPE240

Column C1 IPB260

Column C2 IPB220

Column C3 IPB200

Column C4 IPB140
Brace Brl 2UNP120
Brace Br2 2UNP100

Table. 6. Specifications of the five-story structure with
Chevron bracing [26]
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No. Earthquake Station PGA (g)
1 Tabas Bajestan 0.0907
2 Landers Baker Fire 0.108

Station
3 Northridge  Featherly Park- 0.104
Maint
4 Kobe OKA 0.07
Japan
5 Bam Iran Rayen 0.0157
6 San San Juan 0.043
Fernando Capistrano
7 Duzce Yarimca 0.018

Table 8. Far-field earthquakes applied to the structures
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No. Earthquake Station PGA (g)
1 Anza Anza 0.122
2 Bam Iran Bam 0.807
3 Cape Cape 1.49
4 Loma Corralitos 0.64
5 Northridge Jensen Filter 1

Plant
6 Kobe Takarazuka 0.7
Japan
7 Kocaeli Yarimca 0.32

Table 9. Near-field earthquakes applied to the structures
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Abstract:
There is a debate among earthquake engineers that the structural and non-structural damages initially occur
due to lateral loads caused by earthquake excitation. American provisions, including FEMA356 estimate
structural performance by means of maximum deformation demand. However, in addition to the maximum
deformation, residual displacement plays an important role in structural performance. Amplitude of residual
displacement is an important parameter in technical and economical determination of rehabilitation needs for
damaged structures to resist aftershocks. In this study, residual displacements of five and eight-story steel
frames with Vertical Link Beam, VLB, are investigated in which the effect of VLB length is concerned. For
VLB, the IPE sections with typical steel are considered, instead of using boxes and H-shaped cross-section.
The IPE section has some advantages compared to box section such as lower cost, easier installation and
replacement. The VLBs with IPE cross-section are studied in 5 separate models with lengths of 20, 25, 30,
35 and 40 cm. In this paper, experimental results of a frame model with vertical link beam tested in structural
laboratory of Building and Housing Research Center (BHRC) is used for verification of numerical model. As
one of the fastest nonlinear software, OpenSees (Open System for Earthquake Engineering Simulation) is
used for structural modeling. The steel material used in this model is uniaxial material steel 02. In the
following, seven near field and seven far field earthquake acceleration time histories are scaled using 2800
standard and imposed to five-story and eight-story five-bay frames with chevron bracing system. According
to the seismic design of structures if ductile elements are used in a structure, beams and columns should
remain elastic during earthquake while ductile elements dissipate input energy by nonlinear behavior of
ductile members.
Based on obtained results, the VLB with length of 20 and 25 cm for far field earthquakes and 20 cm for near
field earthquakes have the best performance. The Bam earthquake is selected to investigate hysteresis
diagram of the VLB energy dissipation. Results for near field earthquake like the Bam earthquake show that
VLB with the length of 40 cm, has low energy dissipation capability. Furthermore, the VLB with 40 cm
length causes more residual displacement and yielding. By considering the station with 104.28 km distance
from center of Bam earthquake, the reported record at this station is used as a far field earthquake. In this
case, link beams with more than 25 cm length have moment behavior. However, the link beams with the
length of 20 and 25 cm have better seismic performance. Considering the RMS (Root Mean Square)
parameter as a controller criterion, the VLB with the length of 20 cm is more suitable for near and far field
earthquakes. Considering the seismic performance parameters of VLB, i.e. appropriate stiffness, high
stability, energy dissipation capability, appropriate control of maximum response of structure and less
residual displacement, the VLB with the length of 20 cm also has the best seismic performance for near and
far field earthquakes compared to the other cases.

Keywords: Vertical Link Beam, Residual Displacement, Near Field Earthquake, Far Field Earthquake.
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