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Seismic performance assessment of buckling restrained braced frames based on

resiliency aspects

M. Ehteshami Moeini, S. A. Razavi Tabatabaei

Abstract

The buckling-restrained braced frame (BRBF) is an appropriate lateral system for resisting seismic excitations. It is
not yet an ideal system since there are deficiencies regarding the performance of this system. In this research
resiliency of the reduced-length buckling restrained braced frames (RL-BRBFs) were assessed and compared with
conventional buckling restrained braced frames (BRBF) as well as dual SMRF-BRBF. To do so two 4 and 9 story
structures with conventional and reduced core length BRBs with diagonal and inverted chevron brace configuration
were designed, then, the frames representing the lateral behavior of the structures were modelled in finite element
software and time history analyses were performed on the structures under a set of 20 ground motion records.
Seismic response of the structures including drifts and residual drifts were compared and reported herein. The results
indicate that the reduced length BRBs have much better seismic behavior especially in the frame with moment
resisting braced bay beam. The dual frame did not exhibit much different behavior compared to the braced frame with
moment resisting braced bay beams. The moment resisting beams of the braced bays designed for the expected
moment improved the drift response, plastic stiffness, and performed almost similar to the dual frame designed for
25% of the base shear. Furthermore, RL-BRBs are replaceable, repairable, and more cost-efficient compared to
conventional BRBs due to smaller size of the reduced-length buckling restrained braces (RL-BRBF).

Keywords
Seismic resiliency, Buckling restrained brace (BRB), Time history analysis, Drift, Residual rrift
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Inverted V braced frame

Elastic pipe (RLBRB ONLY) BRB core area (cm?) Braced span beam Braced span column b
P10X0.625 /v W12X35 W14X53 ¢
P14X0.625 AT W12X35 W14X53 Al
P16X0.625 Yo/A W16X36 W14X53 Y
P16X0.625 Yo/A W16X36 W14X68 \

b £ (g ks dulee SB =Y Jguer
Diagonal braced frame

Elastic pipe (RLBRB ONLY) BRB core area (cm°) Braced span beam Braced span column b
P10X0.375 o W12X35 W14X53 ¢
P14X0.500 VTV W12X35 W14X53 Al
P16X0.625 YA W16X36 W14X53 Y
P16X0.625 YA W16X36 W14X68 )

ik § 65 e CB Y g
Diagonal BRB frame + smrf
SMRF beam SMRF column BRB core area (cm’) Braced span beam Braced span column b
W12X35 W14X53 Vo W12X35 W14X53 ¢
W16X57 W14X53 %A W12X35 W14X53 Al
W16X67 W16X89 ARTAN W16X36 W14X53 Y
W16X67 W16X89 YYA W16X36 W14X68 \
il 4 (V) Og)58 d)lge B £ Jgdr
Inverted V braced frame

Elastic pipe (RLBRB ONLY) BRB core area (cm’) Braced span beam Braced span column b
P14X0.375 \Y/4 W16X57 W14X38 4
P16X0.500 AT W16X57 W14X38 A
P20X0.500 ARZAY W16X77 W14X145 v
P20X0.625 £1/4 W16X77 W14X145 1
P20X0.625 Lo/y W16X89 W14X211 0
P22X0.625 VA W16X89 W14X211 ¢
P22X0.625 AT W16X89 W14X283 Al
P22X0.625 OL/A W16X100 W14X283 Y
P22X0.625 08/A W16X100 W14X283 )
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Diagonal braced frame

Elastic pipe (RLBRB ONLY) BRB core area (cm°) Braced span beam Braced span column b
P10X0.500 /v W12X35 W14X38 4
P14X0.500 V4t W12X35 W14X38 A
P16X0.625 Yo/A W12X35 W14X74 v
P20X0.500 ARAAY W16X36 W14X74 1
P20X0.500 Yo/0 W16X36 W14X145 °
P20X0.625 ANV W16X36 W14X145 ¢
P20X0.625 £1/4 W16X45 W14X211 Al
P20X0.625 Lo/y W16X45 W14X211 Y
P20X0.625 Lo/y W16X45 W14X211 \
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Fabrication and calibration of a wireless piezoelectric sensor for measurement of
dynamic stresses in steel structures

M. Fahimi-Aliabad, M. Lezgy-Nazargah, S. Saeidi-Aminabadi

Abstract

In this study, a wireless piezoelectric sensor is fabricated for measurement of dynamic vibrations of steel structure. In
contrast to widespread usage of piezoelectric sensors in the aerospace engineering, the application of these sensors in
usual civil engineering structures is very rare. This study aims to evaluate the performance of wireless piezoelectric
sensors for applications in the structural health monitoring of steel structures. To reach this aim, a wireless electrical
network is firstly designed and fabricated for capturing the output voltage of the piezoelectric element. Then, the
piezoelectric element and associated wireless network were installed on a prepared steel profile by using epoxy.
Different mechanical loads are applied to the steel sample and the voltage induced in the piezoelectric element is
saved on a computer. The mathematical relation between the amplitude of applied load and output voltage is
determined. The results of experimental tests show that the fabricated piezoelectric sensor can predict the pattern of
applied dynamic loads with enough accuracy.

Keywords
Piezoelectric, Sensors, Wireless network, Steel structures, Health monitoring

17 3Y98 g ojw (iiogh g ale aypil

IICo0 (jliwoj - p)lg0 g w (s0)loud — pT6m g Cuy (Jlw



. 55 0jil Cign ey CDyiUigjy 1o T Gounlly g Cislw

S S5 ¥l Gos [T JLKes 5 Cheng i,
G S I 03 Redl Culis glialy 53 o ol 45
Al I3 Gbal s 1 Sk e O Gl Sle amieo
WV Gy Sl Sl ley 0 OWslee i oyl
03551 oy AoVl 1y (6555 3l ealinal b 1y G S5 5
[£] J5Les 5 Oh s gas 4551 O (sl ks = SO s
Sl RS SGss RS e 5 Sl e
oSN g8 3ol s S ey 1 ool el o
el s sed elil Goy abmlr lalls ildde ol
sy gl e wds b S5y 5 Ol i
o OB e S e DI s ws Sl s S Sl
3 ged M 1) 258 (Gl slasl s RS

S ote o o ol SaS L L5 J,z8 [0] Sung
7 S05S g e Seeles SVslee sl sl 3 e 3 5
Ve gl o 4 oo slade 3y b skl
Loms3ss L slaeSU S S L s el
Slp s 3 GRS L S e o Sl 5 bl s
LSS b Sl sl Ses aigy O uns
boodifos Slas 53 OKe 5 03,5 wsliul Tgs 4 e ot
IS w4 [V Shen 5 Gao .ooul o3 S pns | 5 b
S8l S b il Sos S Slils)
e G S 68 5l G ol 5o Lol Ll
Joe s sl b s w58 eslinad Ty 4
el Bos gL Sl s K Sl gl e
IS 5 Selys ot 4 [V] ulSen 5 Liew aesls 5
ity S S5y K 5 Ko b 5 5lS Gy e
Il i m S S S 655 Sl G nl L3 Lol
o 1y 5 38 eslial (Sl SValas gl Al i,
e ol i SIS 1 T S S s e sk s
TSR PECH T PO P P OV
Ll Lo cpme 5 Lol el i g Sl
Aals Ll Gy Jld J 28 4 e

&Y L sl s sl olals,l [A] Shu
Olee 33l s & Gl 5 038 s 1y S S5
Jols Vsl (o g2 o 51 (S ST el 5 il
23 3h 3 e ealinal (S Sl 5L dolee 5 anzl VI (S
Slr s S, Gos ek Gl p (L @ 5 G
G S 5l Jel B L Lol dagal G e
(4] L 5 Jin 25 sa avslis ozl stasins SVslas

e —\
Sl 2 53 ol 3 bl 5 SO lakd
5 ol Sl Obbl g L yls 13 o i LB e (Sels
ol o el oY Ol Gl ee b s ol olss
Sl b el s S s e 4 el et
B3l by s (6 SesIl Olos 315 50 oS ol S
il @MEOL e bl i oy Ol Jub s
il OF 5, Sas 5 Camss 3l @olazel LB ledbl ol
ol ar g OF 3 o3l Dl 2L J 2850 ety
3105 o o3k gy 51 adad sy i (slaosls Sl oslind | o
35 o S s slasl s s 8T 0T Jleas! glbacand
ol Blaptans SGS L nl L edle asad (58 s o5l
oile 4ol 3550 53 (8 S emends OBGH Ol oo 03l Dl
w3k Sl a5 G bl s e w5 Sl e
dee s el 3ged el p ) ol S ilesl 5 B
bt Sl eslizal sblze Sos oz 5l esle S otile 3L
e Gl 5 S b S il e bl cdle 0
sl sk s 45 Ail e o3l Dl L e S
ls edgs 1y 655 e Ki50s a0 el 5l ledlbl Lzl
Sz 258 5l asle oLl )| Sl Cgr s
Cwslas 3,k g 5 S opl 2 n ealinad S
Area ol gl IS8 o pute 4 86 Sl
SN e S e S g8l Gl o e
5 b e b ot ol (Salos Glasl po b g
3 e ol Skl glasl gossdoe 3 i Ll Cds
63550 45 (&0 WA Dl s by S dee (slesle S
05 45 L ar gl Cpuldeme g e 0wl Y&..).J:Q'j)ﬁ: el &
G Sk B 5o S ole ol (8 5 1E 250
elize S5 sl Zusly HLAS 5 RIS 5 el e O b S
S3A s Sk slse cpl Wl 5s sl Jlesl 5,0 L
ol bl ol V] il L oSl 5 Sl LS,
5 R 5 TS Ol sl ol 1 e S el
ol ol St Sl laels 5 b J xS Glagiens

el
weg 4 OS50S Jlae iz L[Y] 51,Ken 5 Devasia
slays o Sl s Ses 06 5 sk 038
Lo @l by o calites lajlns L0l astls ol 2S5
w5 03 g0 Ll S Sl gla Shas b ol on o3l oSS
Sl S Shms 4 S 55wy ot b b Sy ge

2gd 9 ojlw ¢ingfy g ale s /1N

IICo0 (jliwoj - p)lgn g (w (s0)lod — pT6m g Cruy) (Jlw



sl fl olals )l J s [VV] Roomi 5 Saviz
Sas 5K L (Solus Jb o Y pr (S
OB X 58 oo ol 03 Mgl o e S0 5
e SusS Sllp bl ) oS (Sealis SVl
e b Dol s SO Je 5 Ul e i IS
gl s ey 5 s Gl oslin S sls K3
oo b esle Kby OWolas | skie & s 5 03500
Joe 8L (sl » Roomi 5 Saviz s S eslizul 3 gdoe Ol
A b 51 Sl Shes @l ave o3lul
wslital 3,50 S 056 Gb s sel eslinal g pdid 1S
Aol b clze S SUppn deos 4 sbs Jlesl W5
il S el e a5 S gl
S5 o Sl eslizal L A] 2L, Ks 5 Ascione
bels S e lays e Sl L, et Y
CLSEST osas s 1 S Slsn Ses Slabs
Cole b g Sl slee Sl eslizad il
Aok 55,0 V4] w53 JolS 55k 4 Laesla
WSSl sl S OslE glacze sz L
s bRl sl e eslitad Cgr  SK1 oo Slalllas
plil (531 Solalad 5 ol s eslinal Cgr Lol & gal IS
31 eslizal Ol oyt esste e 3l sl ol
Sl g Sl S g S Sl e S
AU e LOT O gl IS 5 (63Y 5 Sladad 5 ool Sslos
S L LTS ol Gy ol Sl G ol @815
oLl g, Seslul Ly S sl Sl s S s 4
Gl e S S L el Sl
Cogpe 4 G ey et b ik Wl sl b
Jedsn Sl g Il ke pds el AL
A3 S a0 s S S 5w Y58
R B N I N Y K PV
sl plsl oo (Sokal 5 Salys a8
Sy S 3 (s e (e i) (Sl
S Gk Sl esle 4 eks Jlasl L e b clie SGIS
Sk s S S Gl &) e a4 S Sl
5 e Sl K4 ek wl o Sl
563V Wl g3, I Ol aslie b kis S 0 53
ol @ladaly b el eds 20 K o JEK s

Sy ALl s 2 S 5 SO L Ole

197 3Yq0 q ojw (li1ag] 9 Golc apis

L S5 w636 U8 Sl S5 S
Loglalsal glaws gbolrle g gl J285 ¢l
Gl e 3 S sl Sl o K 5 b Ses
o)".)..;\ 9 6;{;— L}>yu JAL.L &i}:‘i‘”ﬁjﬁ lalas (e
Aujlar )\ oslaiul l; &ijb/\jlﬁj:i 6LQJ§.M> 9 LAJ,.{LQ&
Sladad ag slrsis Lol e S S3ls \Ylﬂsd\&w
Gos Sdny aw SLal,l [V o] JULKes 5 Zhang .as ge
ol 53 WOl L ged s 1y S SUsm Y b s plS
v q o .. .
G aw OYsls o (sl w‘ﬂ}@j&j)‘}“};ﬂ
S5 sl b Fadas sla s et b olils
5SS gl Sl s ol Ol 5t co
Syl dle Jes VY] L Ks 5 Tavakolpour
Sl ol JS s de Sl gls Shes S 5 L
L pdyoslasl Guy Lol s S« plvoles! Gy, ksla
ol o3 5 03,8 (3ledde sgdeee ol S, 5l eslinad L
Joe 51 eslizal b sdel s &0 b (gla 1S 5 aslis L 1
sl es s Loghmani s S0 L5l LS oliass o)
S eslizal U 1y gledl gl 4ty K lalasyl Jled J 28 [VY]
adllas 550 o2 5 GoE Do 4 Sl glaol!
Loalpal & Solos Jhe gl cpdis ol csls 13
gl Costhan Jol Sl eslinad L1 esle slaelSesS
5 sled) Llods (g3luarans H}:w—"gi\) oy sl gl
2 gbede bl e Viomb Gl b
s ot MJlge LT L imas 5 ANSIS i3l
S s DLl 1Al g Culg s OLT s e
. - AN - e con .. -
,b:;f‘)afﬁgéj)f MJM a.,\MSJJ..S
b osgdoes [l Jie G V2] 5l Ken 5 Lezgy-Nazargah
Gl Subys 5 Sobal s gl oS @bl obss
[Vo] Lezgy-Nazargah .13 e &l Ken b SO0l 50
Gl s s glp s > iy O uaeen
uia.aﬁﬁ &g_f"g\}ﬂ.v J\).A )l ol sl A.NvYJu;; (_SL“O)}
slauy J»Li ﬁgu.h'l.w sla s L&L.p Sy 550 &Sl
by DU e 02 560 o a8k 350 b Sl
RGO P W o Lezgy-Nazargah

IICo0 (jliwoj - p)lg0 g w (s0)loud — pT6m g Cuy (Jlw

(5070l stz 3z g olF s (T (i ol le (ased (200



. 55 0jil Cign ey CDyiUigjy 1o T Gounlly g Cislw

00
00000
§§§

00000
0000000
| droviden
00
000000

# 00000

1S]
el
ol =
o &
o]

ddididi

(o)

S 5y g e antle S SISl (D) Y S
S e S Silad raled (©) oSS 5
Wy e s g Sesll

T I S e N IR T (S PV
Coge 3 Sl Bleeg S5 g slie gl S LS e
U’:"'JS <al§.7.w.> hwjj L;JY;A J‘.‘.ﬁ}ﬂ 4 LQ)LJJ &.J Jlsl
Llg o S pl 5 edd sl sV s JZ'.UJ'—I 33 Sysee

338 S5 S 53 (52,5 GERS e

S S5 Sm Il s 5 5355 sy Y S

el 4 (Sabys gyl st Gl Gl 0l o
ug.”,atq”) 6\.AJL el 0l enlaial &.:J)).,L_.A—jﬂ oKLw)
Sosols bl ble oS ol by eld Jles

oKJ...:) J’-‘) ‘_;ﬂy J‘”ﬁ}f.’. .L&l;da W Bals L;?.Lia L@;L.@”

S SNsm R e 5 b Sl Y
(o s
Sl Ol SO SO sl g, S eIl g
DLl s ol et esliad (PZT) G iS5 (sl nls
A Ol i Ol oty b Sy sl sl
4 Sslgse sy Culbhs 5 ki ol old okila g,
ol 03 S bl il e e Ls /0 5 e e YO 5
s s 2 oS Glogl Sl S Sl sy
LI o o aslital el ol s 63Y 5 L5 ool
Solans by @3V Ldsn 4 @i S Jles
53 S8 i G S oal s L5 03 b 5
o 3 5 338 o g S Sl g 5 pes ko
Al (28 SRS e

e S S Ssm S W o sl
Llge S e ol ol st ol b S S
05 5 S o3l S S5 S s 2 LS
2Ly et Sl S ald Cgr e Sl el
Sl ohen 4 3y o olas S S e 4 il
aals 0L (0 s ) S8 s s w of S0l Sl
33 3l e 555 e ey (Y IS 53 &5 shailes ilens
ol ol 5 s Cand &S el S5 ol cad
S Wil O Gy poold ea et (VL Ced
Ly bl 4 baesls Oloyan Jloyl 5 abiil s Laosls oof Ul
Gib 3 55 ol Gyt el s o T slisls asle abs &
£LI, USB oS )3 &4 LS L 5 USB-B ol ;5 aloves 4 5, Jlal
238 o odalie (o)) JSo 0 & shilen 5,5 e ol
SRS T 35 ST by 4 g 3l 2 IS
L8 oo 5 bl 5o Waesls S5l 5 58 e Cusdi 2315 5l

. N2 It . . .
;J:'."\'.'.g’l""\ ﬁ)’)‘-’ﬂu’f”“)‘)ﬁ‘ff‘d:—“)“:'

Slesl plowil 2g, ¥
il g Seslul bl gl el ag @3V b
Lil oo jteghe £ X Uex e slal 4y 650 b3 S Salys
b il ol g aend law s B b a5l 0T ahais S
ol e el Olas (1) UK s bl syse oY
ot ol mlav U o e o b S S5
Ly 53 5 6Vsh Jdsn ol ams Gas S 55
Jdon By 53 U5 a8 &S xSl sdkd el O

290 9 ojlw (iling) g palc s /Pe




£
Youn
}‘ Ave
l Foe
A e
Yoo
oo : :
ofs Y «¥F 4 «[A \
(anili) oyloj
()
1.
-y Ar
3 5
1
- A
3
_y. , : , ,
P N C S T ) W |
(asb) nloj
)

e oL Ol3 =55 (O) 5 Oley =5, (D) Glajls sl -8 IS

FAT S

(g sheo) 5Ld9

DL YL GRS P Y \

(4l) ylo3
(<
3
3.
(asl) oo
)
«/A
5 i
EEN
_t «/¥
oy
3 Al
o
o/ Y AT R4 +/A )
(axl) yloj
o

Gl 3L s g b o K 0oy =55 (gla sl ges =0 IS

FATVAD 55N (L) G 0 (A il

Pl 290 g ojlw (g g Gale aypis

53 Seolos Db Jlesl J15s 5,8 e 15 S gsdea s
5 oekd ES by S sllasy S ooV s
S s cpl &S lel e sl (35 O L bz
B35 eph e dd JEe JaelS 4 s Sl b
() IS5 55 SSlad sb (bl plnil o 5 S5

Sl sl esls OLES

Salesl il o gt Siles tules ¥ IS8

M}\AM@L‘S -$

Sssale 5,138,540 4 K Z":"L' -\t
g Sk o S Sy S il a3l
sl a3 15 aallas 3y50 WSS 6 o atels Calises Si5lis L
3PV Sop b e O o S
Slssed (8) JKo 5 ol sl 3505 o3l 4y 5,8 Y S S
el o oly isles Oley =55 5 Ole — 5,

Al edd Jlesl o g L aals ‘@l:.; wlsl 53 pioman
Olojen 5 odd wxdls & gs Ve b i L
Adan S ks Ol gl e Yo 5 Ve 0 gla S
sdd ools OLE (x5 o o 0) s s S g
NG|

Jf...;- S njfda LS (0) 5 (8) L;LmJi.i odalin b
s ely s slasl S Ll e S0l
Ol slaslised 3 S LS paty e e b G
IS SR LS i sdalie imes b el
S3 B Ll e RalS S 2 S aels (3505 Lk
el L S iy clilizl 5 bys « ol
> MATLAB Jl33le 5 53 5550 YO S e Sk s
Lledl

S o W s s Go Al e Sl Gl

IICo0 (jliwoj - p)lg0 g w (s0)loud — pT6m g Cuy (Jlw

(5070l stz 3z g olF s (T (i ol le (ased (200



e 5T 0j I g0 prwgy (0iTIghy Hwn (T gouwlplS g Ciblw

Voossdoms 53 Ol S5 5 et Blod o550 Vers cul Sl
s s aals Dl S 4 S L s ate 5a 00 b
Ol (V) IS s Gl blie s Sl s S
ol wls U s SU gl (3lesT cpl ol sl eals
odows 3 350 00 G) ke (ilS 3 5 g 00en ¥
ol esls 0L (7 5 V) S s ol =l S

RGO

(cdg sl 5Ldg

(dgy L) 5Ldg

(g olo) U9

(3 52) i85

@
i 53 K S50 K s 2t Sy aals Ol s -V K2
(".))‘;'JJ):J.\... L;Jj)}djﬁju\é(_ﬂ\):w}lsjé
Ll (C)fd‘"ﬁf'v"' $35)8 S5y anls

P 00 8308 S

L aS 35d 0 odalin C—V U -V glajlbssal a5 b
S A W asls (eas Lb NS
sl 5l e b s Sl ol Do 4 Sl

@ S Jlsl S @ s 0ver BV e
oibesl opl il s esls Ol (QH) IS s fol
3 FA Y 5 Sl b B B L g sl Gl
IS s ekl cty il S SSS Todme it 4l
o =N SKE gl sls sas ileds esls GLES (C PR
(Gl Sl 5 e 5l s o oS deas e 0L (2
23 e W s Goaus G asls g et Gl

315 35 5 alises (gla 8

Y.
N5 O s =AM *
3
3’3 W
. (3
b} A P ¢ s
Ll * - . ..
3 of —otiln e
Ny i . . . ]
e Yers o Yeer Yeee Feeo Bees Faen
(i) 9543
()
[
o W el = /44Y *
34
fﬁt 5 o
RO ' * o
3 e 3l e
-y : : : ;
ofe Yeoo  Yoevs Yeos Foer Qoo Foos
(o 9) 95
()
A
55 e
. — il e
-y : : ‘ ,
e Nerr Teer Yeer Feee Beer Foas
(&igad) 9
@

e Sy asls pln s (asss G Al S 1SS
il W8 3L sl 6l “Qfgbﬁ,ﬁ»«o
3 FAN G (D) 0 SIS (D
FaY A (D)

5 S Sllssy S s S auls o ek
44.OJ\:W:)Lglﬂ.Mleﬁw)ﬂﬁieﬁs)bd}ﬂiwﬂs)ﬁ

f‘f Lééyjﬁ askad 4 ol JLQ-“l ‘5%_}»\:»‘4 )Lv Laly (Bua L)'»'-\

2Wgd g ojlw ¢ lingfy g (ole alls /P

IICo0 (jliwoj - p)lgn g (w (s0)lod — pT6m g Cruy) (Jlw



(i) 90
—_ <t 1t 5 & 0 <
. . . - - + - -
Sy s .
P :

(aub) gyl

(&)

(dy o) 5Ly
- — 1t =+ & o <

(axdl) yloj

)

s Yo ;;lm,uéml;u,wug;m)w;méwg%p
Oles =35 () 5 Oy =5, (D 3B Y sl Ol

Ol Sles slasls sad annS w58 Jids b () g

Ol Lo 15 505 ol s e 0L, (A J.i.; 33 ek esls
oo 5 308 IS 53 Gl i anslio
UL_*_-‘ L;““L‘" L}JUGJ ‘J}'J:L;a sdalie AQUL;; J)LwdA Pl

13 sy S e dd iy T S35,

Youre

(o 3) el
P PT

-
.
:
:

(edg ) asle
-t -+ 0 >

. Y ¥ 7 A 1.
(3 2) il 2
)
Qljmiidmlslg&)w‘jﬂin)\;_‘x{)iw'cwlﬂq)jé&@—*JSJ:
nJJlsj.é—jj:u' (;ﬁ.“)dfl.o\‘ ;.UL'J JL&)}L’JS}:‘JY"'

PECES TN

b/ 3Ug g ojlw (iagfy g Golc aypds

ol osls Gl ARaLST Glassls 555 5 o S5l
23kl gz s ol dHY) 5 (2 s o BT e S s
)y G s S K rss Wy o

b o (6 S A

AV = 0.0078eH(@AF M)
Ol s &S
H(w) = —0.000545w3 + 0.0188w? — 0.2516w )

AV 5 S g i $3505 Sopm 4wlsAF G aal, s
sk Sl S A WS el
oA S s edd dlesl S (S B @ 55 rames
Al P e Sl Sl Sl oK
S eslizal 5 A&alsT lsesls a3l elal o adaly ol
Sl 355 e odalive 45 shailens .ol sdal Covey oles =t
w5 bl Ll 1 s 235 (e S5) Tt
S S oaliial b Ol e ) ey (S L e &Sl &

Yv N
w8

Sl 3 L Sopeola L (ol ¢ geme o
o S Ul 5 (V) Gealy B ol 0Ly wosline
G s o Sl S s W

.3 gad o3liial

Colae (Mo 6510850 4 6 iU gp K el —Y-E
Ol 5 s Yooe Ol s gawls b e osls 5L &
@2V s anka 4 S gponm s o oles Go b 51 4B Y sl
53 okl (Sl s 2 W (WA JSKE) as lesd
OLES (Slals ped 3 35 b ol ok osls Ol (mA) IS0
ot S USE oS sy e sdalie (A) S5 53 el esls
el s Qo] Sals L S8 alie K S5 K

S edalis 5 LS8 (lge 2235 o sk 4
Ol 4 hids 5l K s I 3 5 g o
S O3y b e ool il eslizul N areS
23 oo 4 Ol JBV() Ses s 5 S Glaosls
U Py RV Lt BT WL RS

n=+oo

X(el®) = Z V(n)e in® )

n=—oo

IICo0 (jliwoj - p)lg0 g w (s0)loud — pT6m g Cuy (Jlw

(5070l stz 3z g olF s (T (i ol le (ased (200



. 55 0jil Cign ey CDyiUigjy 1o T Gounlly g Cislw

B g N e e L T

oyl
G S S S S s S bl nl
oo e 4l 0 ) slie et (6,108
Ol s g Yoor Olid ganls b Aot 650 S
Jesl o3l & S 55donm s o oKaws Go b 5 asb Y sl

sl ol oals OLES (W)Ji.’z):jf.w:- I ..A;_;Jf

Faus

(g) 908
- = % -

(awli) oylo

()

(edy ko) 5Ly
-

(auili) ylo
(o)
Yoo Q\,@éuugwuﬁwﬁyﬁw@g—wp

5 83508 I S5 sl g i ke o
22 O Ol a anls Slajlases as s fods ml (s >
Slsime & 3550 sdalie ol el esls 0L (OF) IS
Gl IS Sl s K (g3, IS sanls 5 S 3
Al R s A ol b rbie

Yoo olaengly Gom Slaks ganls (G Silesl s
bt Cslie o sl bl ol Aile s
S Fl 5 OSS  a 0 Y Sk el
08) LS s i 4 mld s S ) S Sl
Lledd a3l 0L (10)

os S b o 53 (10) B (V) slajlsped 3 3s L
e 3 e 2l Sales ol g Se 3l
OOt e 3503 1 el 4 easls ol et 5L IS

el bt bl 4 Slln S sl

3 on BT sl Ol 5 s B 5 Ve Dl

edalie ol odd o3l 0L (1) 5 (1) eS8 s mls

Ld 5 Sl S (o SW IS8 5350
Al 53505 G 6 Oles wlie

Voo
Foee
Qe
Loy
’i [
:3 Yoo
Yoss
Y
I3
3 0
2,
5 ¥
4 v
-
v
3,
oo

(awili) olo
()

Toas a\,wwaéuuu.wug:ﬂjp%iw}@g—h e

Yo
Feo
. Qeee
%o
’i [
o
Yoae
ol
o \ Y L < 6 f

()
¥
s |
3 &
Sl
—~ f 4
57
ay r 4
3,
ols . :
NB \ Y Y ¥ & 4
(asil) yle
o)

Bros Sl gaals b ol e L0 S el VY S
Ol =5ty () 5 Ol =5, (LD b Y ks Oles 5 (550

2Wgd g ojlw ¢ lingfy g (ale il /M

IICo0 (jliwoj - p)lgn g (w (s0)lod — pT6m g Cruy) (Jlw



Yoo
Saae
L Beee
L
fi Fous
3:, Yoss
Yous
oo
.l \ Y A ¢ 6 F
(asl) ylog
(<
Al
3 ¢
4 v
-y 4
3 v
./
ofe ] Y Y ¥ ] 7
(4l) oo
)

0vs Q\Méu.:b&)wW)b@&éﬂg—\oﬂ

Oles=3W5 (2 5 Oles s e (D) il Y sl Olaj 5 (550

St =0
)\Jﬁ E) &ijlinﬁj:i ] J.<M.> &i L):‘Aﬁ}i U’i‘ BE
sl Salos olils,l ¢ 8ol g S
T IR I CAPP-E) (PR W PRI W AL R T
9353 &S dend g3 b g aS madee £ X TTX TN bl 4 (g5l
S e R3S A o ek e (b sl
R e R L s SN
Gbossl L Sl K oL s 5 Shes
b Soelus slasl sokie ooy 3 S s AL
Bk 3l sl et 5 e (SO e sls il gla s SN
o s 5 Jlesl aadad a4 S sdea s oK S
3 b s o (SO e 3 b S S5y S
..,\;“J;aj:}'b )aMab‘bJLﬁk}\J}'jﬂgd.{W

et S S gy S oS 5l 0L sel Gy il
(s 30 GLdw 5 4 5306 5 o3 p bl
or J..::L:Jc Llhw.’ts)_% )l Wl o)_}Jx}u BL) LSC';AJ 6}3
OJJJLQ.&')Q&[SJJQbﬁ@{b@)ﬂ)bé)‘)dmﬁb
Wy G5 om b daly (S Ss e Sm @
ol JL«P‘ L;i-d&.&)l) (Slf))‘ﬁ“ﬂf—ﬁ‘ﬁjﬁji‘“’fﬁf
IS S Sl sl sl g0l s 5 O
J.:Jl)j R ‘./\.3)‘} )ljgj.)jﬁ tv BY w)o}jv\.x/ﬂ DL LQUT

C,qb Q)M B aS sl ‘_)L.:g g@b EOR W V\J_‘J_)f

Po/ Mg g ojw (litagh 9 Gole eyl

(o 3d) il

Y OF 5 A M
(33 52) Wil5 2
()

(g Lo ) dela
-

oy 5 A v
(33 2) uils 2
()

6@\:L504Jh3JL:E:M)L{A{JKM'CMLTQ)}&J.;—\VJQ
oA s (L) 5 A

(& 9wi) 959
- =t 1t 5 & v <

(g o) 5Ly

e Y Y oY F A
(asili) 5lo

)

Tous Q\ﬁuduupwuﬁm)g@ﬁ}@g—\ip

Oles=3W5 () 5 Olai= g (AN 2B Y sl Olaj 5 s

5y Ja g ok it S s essls b S o S
oS Ul pde @ Ol | S Sssm S (s
s esbe a dates 5L 33 Jlesl 5 S ssde—
Wy o Kl S ol S 56 ol

sl CMM.: <u':'.’.li 6&;_;)[..5 QL“) B 5}1‘54;.) &f-’f JL\i:AN

IICo0 (jliwoj - p)lg0 g w (s0)loud — pT6m g Cuy (Jlw

(5070l stz 3z g olF s (T (i ol le (ased (200



. 55 0jil Cign ey CDyiUigjy 1o T Gounlly g Cislw

[8] Shu, X. (2005), “Free vibration of laminated piezoelectric
composite plates based on an accurate theory”, Composite
structures, Vol. 67, pp. 375-382.

[9] Jin, Z., Yang, Y. and Soh, C.K. (2005), “Application of fuzzy
GA for optimal vibration control of smart cylindrical
shells”, Smart Materials and Structures, Vol. 14, pp. 1250.

[10] Zhang, Z. Feng, C. and Liew, KM. (2006), “Three-
dimensional vibration analysis of multilayered
piezoelectric composite plates”, International Journal of
Engineering Science, Vol. 44, pp. 397-408.

[11] Li, S.R, Su, H. and Cheng, C.J. (2009), “Free vibration of
functionally graded material beams with surface-bonded
piezoelectric layers in thermal environment”, Applied
Mathematics and Mechanics, Vol. 30, pp. 969-982.

[12] Tavakolpour, A.R., Mailah, M., Darus, 1.Z.M. and Tokhi, O.
(2010), “Self-learning active vibration control of a
flexible plate structure with piezoelectric actuator”,
Simulation Modelling Practice and Theory, Vol. 1, pp.
516-532.

[13] Loghmani, A., Danesh, M., Keshmiri, M. and Savadi Mofrad,
M.M. (2014), “Adaptive Feedforward Controller for
Active Vibration Control of a Cylindrical Shell Using
Piezoelectric Patches”, 4th International Conference on
Acoustics and Vibration, December, Tehran, Iran.

[14] Lezgy-Nazargah, M. Vidal, P. and Polit, 0. (2013), “An
efficient finite element model for static and dynamic
analyses of functionally graded piezoelectric beams”,
Composite Structures, Vol. 104, pp. 71-84.

[15] Lezgy-Nazargah, M. (2015), “A three-dimensional exact
state-space  solution for cylindrical bending of
continuously non-homogenous piezoelectric laminated
plates with arbitrary gradient composition”, Archives of
Mechanics, Vol. 67, pp. 25-51.

[16] Lezgy-Nazargah, M. (2016), “Efficient coupled refined
finite element for dynamic analysis of sandwich beams
containing embedded shear-mode piezoelectric layers”,
Mechanics of Advanced Materials and Structures, Vol. 23,
pp. 337-352.

[17] Saviz, M. and Roomi, V. (2018), “Vibration control of
laminated cylindrical panel with optimal piezoelectric
patch”, Modares Mechanical Engineering, Vol. 18, pp.
100-111.

[18] Ascione, A. Gherlone, M. and Orifici, A.C. (2022),
“Nonlinear static analysis of composite beams with
piezoelectric actuator patches using the Refined Zigzag
Theory”, Composite Structures, Vol. 282, pp. 115018

[19] Jiao, P., Egbe, LJ.I, Xie, Y., Nazar, AM. and Alavi, A.H.
(2020) “Piezoelectric Sensing Techniques in Structural
Health Monitoring: A State-of-the-Art Review”, Sensors,
Vol. 20, pp. 3730.

16 Rayleigh-Ritz

17 Natural frequencies

18 Modal analysis

19 Adaptive feedforward controller
20 Refined zig-zag theory

21 Servo-hydraulic

22 Polarization

23 Wi-Fi

24 Arduino board

25 Moving average filter

26 Coefficient of determination
27 Fourier series

W als ‘&JL{JU}-& _}.<.w;- 4 ok Jlesl LU auls 05
o bl Sose a5 oA GRIBI L s s
al al.<‘1.«~:> .]a.w): ;5‘<’:‘L‘.'.> QL&[A:)( ngzfa)‘.)ul L: J“Llu‘
om AV = 0.0078e@IAF o3l dal; (Al asiie ol

AF (H(w) = —0.00054503 + 0.0188w? — 0.2516w 45

fﬁj’z )"L“J) w‘;AchS}:.: > 2 (S350 6},_:: Loold
6};:-; J...»lsjﬁ w‘c,deL,« o= &fﬁbﬁﬁ&
)‘ a)w‘bﬂbwﬁfh > f}ﬁ}lﬂj}o,\.& Jlsl

o S K o S OlS s G salals
23 ged e e ‘)w&l{jc‘ﬂ) (_;)l.lf)l{ja

el

[1] Tiersten, H.F. (2013), “Linear piezoelectric plate
vibrations:  Elements of the linear theory of
piezoelectricity and the vibrations piezoelectric plates”,
Springer.

[2] Devasia, S., Meressi, T., Paden, B. and Bayo, E. (1993),
“Piezoelectric actuator design for vibration suppression:
placement and sizing”, Journal of Guidance, Control, and
Dynamics, Vol. 16, pp. 859-864.

[3] Cheng, Z.Q., Lim, C.W. and Kitipornchai, S. (1999), “Three-
dimensional exact solution for inhomogeneous and
laminated piezoelectric plates”, International Journal of
Engineering Science, Vol. 37, pp. 1425-1439.

[4] Oh, LK, Han, J.H. and Lee, I. (2000), “Postbuckling and
vibration characteristics of piezolaminated composite
plate subject to thermo-piezoelectric loads”, Journal of
Sound and Vibration, Vol. 233, pp. 19-40.

Sung, Y.G. (2002), “Modelling and control with
piezoactuators for a simply supported beam under a
moving mass”, Journal of Sound and Vibration, Vol. 250,
pp. 617-626.

[6] Gao, ].X. and Shen, Y.P. (2003), “Active control of
geometrically nonlinear transient vibration of composite
plates with piezoelectric actuators”, Journal of Sound and
Vibration, Vol. 264, pp. 911-928.

[7] Liew, KM., He, X.Q, Tan, MJ. and Lim, HK. (2004),
“Dynamic analysis of laminated composite plates with
piezoelectric sensor/actuator patches using the FSDT
mesh-free method”, International Journal of Mechanical
Sciences, Vol. 46, pp. 411-431.

[5

—_

e
1 Structural health monitoring
2 Piezoelectric
3 Sensor
+Actuator
5 Layer-wise
¢ Euler-Bernoulli
7 State-space
8 Regulator
9 Quadratic
10 First-order shear deformation theory
11 Galerkine
12 Set theory
13 Differential quadrature
14 Functional
15 Hamilton’s principle

2gd g ojlw ¢ lingfy g (ale s /b¢




J199 10z 90 Y 98 (b p S )1990 (slo ) oF & )Sdhos (L)
Jlbo sz b

v o, N Y Z \ .- .
ua‘.h‘;ﬁ.\wf ‘_;\S.xﬁ)x).l:’g;‘&c#dym,“u).\wdw

http://journalisss.ir

Qlj.@.? L&_l;-)wjy) C».__uj: a&:ﬁ‘) ‘Q‘Ja& J.A.L@A 4_)[.1)[1.«.&‘—\
0L (ol A s o3 oK Ol e wdlige ] wld S —Y
O ol dgd s S 5 o1 (Ol e g (Ll el S Y

mortazavi@sru.ac.ir S WA=V ey Gsdin ‘Q\ﬂ;*}

0 LS

s Sl b alie 53 s 5 laR53 oz e ¥ 5y slagles sl s Sae pw) 4 dllis ol s
Sazse sbaslgs lanl 5o el el s LSS s bajlas o eslixa 5, 4e Flas Sl &8 ald 5o oo Y48
Slagse bulps 53 B 5o 5 gkl e a4 edd sl zgs e 5 0l sl Gasile ankia b Glaksd b e s
3 Sas 4 oy Sl 55 s awdia Jde ol 53 K05 Ssle a0 g 0303 1E OB 3 s Do e
o d s A s SOkl Lo 5l eslinal b (Gl 5ol shse b Slasles Sl LS s ek age
o2 b abs s il sladie mamd Sy (551 o e 5 Sl poie D53 5L peie 3 5o s
B 55 g laggn 5 SB35 50 s 45 A5 4 S amd iy e anle sladie gl Culg 5o Lol i
e o0 DY 5E e b B s a4 G R Sl 2 Shes fiss Do 4 s p g ases Slagse bl o
Ol 355 31 g D50l 0 Cd (g2 slos ) 5 Shes glaijpd 52 s JS H5b 4 5 S e sl 55

.M}dﬁ
sls 08515
614:-,:0 u.<._JL:.w\ (o g )\;C}a Y5 i ol (gl ;el )lzcy Y 5 i ol s Y5 s oo

ool oSS

Seismic performance assessment of double corrugated steel shear walls with
diagonal waves

S.M.R. Mortazavi, A. Heydarpour Bidgoli, M. Farahani

Abstract

In this paper, the seismic performance of trapezoidal and sinusoidal corrugated steel plate shear walls has been
investigated in comparison with the flat steel plate shear walls in conditions where the amount of steel materials used
in the shear walls does not change and remains constant. First of all, the sinusoidal or trapezoidal shear walls are
created with a specific and predefined geometry, and then the created wave is placed diagonally in the form of two
steel plate shear walls with double perpendicular waves in the steel frame, in other words, the geometry of the flat
steel plate shear walls changes to achieve optimal seismic performance. The studied steel plate shear walls in this
research were compared using uniform nonlinear static analysis and obtaining their pushover diagram as well as
hysteresis analysis and obtaining the hysteresis cycle and plastic energy absorption by finite element method. Finally,
it was concluded from studied frames that trapezoidal and sinusoidal corrugated steel plate shear walls in the form of
two shear walls with double perpendicular waves produce better seismic performance and energy absorbing than flat
steel plate shear walls with the same volume of steel materials and trapezoidal steel plate shear walls produce better
seismic performance comparing to the sinusoidal corrugated steel plate shear wall.

Keywords

Flat steel plate shear wall, Trapezoidal corrugated steel plate shear wall, Sinusoidal corrugated steel plate shear wall,
Uniform nonlinear static analysis
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Geometric investigation of perforated delta plate girder under shear force
S. Ghouhestani, E. Zamani Beydokhti, S. Mosavi Nejad

Abstract

Because of space limitation, it is unavoidable to pass the installations pipes, equipment, electric cables, and ventilation
pipes among the web of plate girders. Therefore, the researchers have paied attention to the analysis of this plate
girder behavior on the effect of bending and shear, and their strength with preparation holes in the web. In this case,
investigations are performed to study the function of bending and shear capacity of plate girder with delta stiffener.
The purpose of this paper is to analyze the delta plate girders with a circular hole in the web under shear force by the
finite element method. The finding of the simulation is compared with the findings of the experiment to assure the
accuracy of modeling. Then, a parametric study is done to analyze the effect of rigidity, slenderness, and also height
and thickness parameters. Also, it was concluded that the optimum height parameter (ratio of stiffeners connection
distance from the intersection at the web to upper flange, than to total height of plate girder) is 0.25, the optimum
thickness parameter (ratio of stiffener thickness to the thickness of plate girder web) in range of 0.9 ~ 1.20, the
optimum slenderness (ratio of plate girders height to the thickness of plate girder web) in range of 200 ~ 210, and the
optimum rigidity (ratio of flanges thickness to thickness of plate girders web) in range of 0.9 ~ 1. Finally, it shows that
the shear strength of the plate girder is increased by an increase in flange rigidity.

Keywords
Plate girder, Delta stiffener, Perforated, Shear buckling, Optimization
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Improving the seismic performance of concentric brace frame using modified
profiles

A. Cheraghi

Abstract

In this paper by surveying the behavior of concentric braced frame, a method to improve their seismic performance is
presented. The channel section, is one of the most widely used profiles in the brace that It's asymmetric moment of
inertia, radius of gyration and slenderness ratio around two main axis, causes buckling around weak axis and non-
ductile performance. Also, the criterion of allowable compressive bearing capacity around weaker axis causes
uneconomical design process. So, in the first step the double channel sections were divided into 2 groups called weak
around X axis and Y axis. Then, their weakness has been compensated by adding steel plate or T shape profile. Finally,
the effect of the modified profile was evaluated using nonlinear static analysis by ABAQUS finite element software.
Results show a significant improvement in the seismic performance of the brace so that the compressive force
absorption capacity is increased by 15-24% in different samples. Due to the ease of implementation and relatively low
cost increase, it seems that the use of this method can be used to improve the performance of concentric braces.

Keywords
Concentric brace frame, Symmetric moment of inertia, Nonlinear static analysis, Energy absorption
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Performance based assessment of core wall and steel BRBs as outrigger with new
modal combination

H. Beiraghi

Abstract

In a core-wall structure with buckling restrained braces (BRB) outrigger, locations of the plastic hinges are influenced
by the outrigger action. Therefore, the designer should consider the issue and use suitable details in the plastic hinge
area. The essential questions that arise here are the plastic hinge location and the design moment demand used for
design of this kind of structure. In this paper, responses of the core-wall buildings with BRB outrigger designed by
using the traditional response spectrum analysis (RSA) procedure, are assessed by implementing the nonlinear time
history analysis (NLTHA). The result demonstrates that the plasticity can extend over anywhere within the core-walls
specially, at the base, and above or below the outrigger levels. Formation of three plastic hinges in the core-wall is
recognized suitable for the system. To control the plasticity extension in the core-wall, it is recommended that a new
modal combination method be applied to calculate the moment strength of the three plastic hinges over the height. A
capacity design concept is used to design other regions of the core-wall where the plasticity does not extend to. The
proposed procedure improves behavior of the system by restricting the plasticity extension to the predefined plastic
hinge regions.

Keywords
Reinforced concrete core, Buckling restrained braces (BRB), Outrigger, Nonlinear time history analysis (NLTHA)
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