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Numerical study on the seismic performance of realigned steel moment frames
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Demonstration of the effect of higher modes on the seismic performance of middle-rise rigid frame skeletons
with modal pushover analysis approach
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Seismic performance evaluation of steel moment frames including shear fuse with
elliptic holes

B. Mohammadzade, N. Fanaie, S.A. Gharebaghi

Abstract

The purpose of this study is to investigate and improve the performance of energy absorption and dissipation system
in the steel moment frames with short span lengths and deep beams. One of the challenges for designing a steel
moment frame system is the existence of some code limitations such as minimum span length and beam depth that
designers are required to follow in order to form the plastic hinges at both beam ends. By weakening a part of the
beam in its middle, the mechanism of energy dissipation is changed from bending to shear, and this defect is
practically eliminated. One of the studies on weakening the middle of the beams is to make circular holes in the beam
web. By changing the shape of holes from circular to elliptic and changing the arrangement of the elliptic holes and the
angles of the elliptical axes relative to each other and by maintaining constant the hole area reduced from the beam
web, according to the models built in Abaqus software and comparing the response of different hole arrangements
with circular ones, more ductility has been reported. Thus, in the models in which a combination of vertical and
horizontal elliptical holes is used, more energy dissipation has been observed compared to other elliptical cases and
16% more energy dissipation has been calculated compared to the circular case.

Keywords
Steel moment frame, Shear fuse, Circular hole, Elliptic hole, Energy dissipation
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Wavelet-based damage detection of steel beam-structures
M. Khanahmadi, H. Mohammady Garfamy, M. Gholhaki, B. Dejkam, M.E. Miri

Abstract

Damage to structures is inevitable. Besides, the accumulation and spread of local damage can be a source of global
damage; hence, the significance and necessity of monitoring the health of the structure. Wavelet analysis of structural
responses is a method of damage detection with optimal performance in the time-frequency domain, which yields
more information from the analyzed response of the structure in both time and frequency domains. As beams and
columns are among the most fundamental structural elements and, expectably, the last elements to be damaged, it
bears greater importance to identify damage in them than in other structural elements. This paper draws on modal
analysis data of steel beams modeled in Abacus and a proposal of the wavelet analytical method to track different
positions of damage along the beam, where the damages are defined as a decrease in the elastic modal. A decreasing
shift in frequency values occurred in all modes due to damage. To detect the damage, the mode shape signal was
defined as the damage mode shape and the differentiation between the healthy and the damage mode shapes as the
wavelet transform input signal. The output signals from the wavelet analysis of the input signal indicated maximum
and minimum relative fluctuations in different situations of damage so that the centers of damage were identified
with zero error. The results also revealed that with increasing the severity of the damage, only the irregularity of the
wavelet coefficients of that damage position increases.

Keywords
Structural health monitoring (SHM), Modal analysis, Wavelet analysis, Damage detection

10/ 398 g ojlw (ilingh g palc eyl

oo j1aly — poun g (v 50)lad - i g Cuugy gl



(5399 3 gslojlw gloJi)> Lago p ¢ iito Ly’ ()

Kourehli 5 Bagheri .» 4 slulid | *.-xw‘“ Joee Ol 55 0
Slasslu o ol bl & Sorge BIUT 1 eslinad L [£]
Slagal Sl adlae 53 ol dstls 315 S s o
23U L3 gal eslinal i35 5e laejlu O ok 5
Ll gs8s Ol) o« Srse Slipr al o 03 el 2l
oS S e S 8w L [0] [ulhen 5 Xu sl Ol
Lok Sl Slles bl s S 5 giar 52 Jlacgr
Ll lamio glael 53 ol Jowe olulid @ Goge 5
s S ge 50 Eay 5l eslizad L[] ahKes 5 Lee
sl b b ogbesle s cunl olubid @ gy
L el 3l e b (algiiny 3, 45 Lsls Ol
ebls LB 5 S5 s, S Olye 4 Llge s 3l
bl 4 [VI Hao 5 Li 38 &5 oslizul 3,4 |
G Do kel 35 s bbb 5 ]
Fob bl p e Akl Vo lemis OB oSl s e
(lgin Eas b Lds 3hse Lol sy, S e s
st 4 bt Ol 383 355l b L ool sl s
LU slacr 5e 51 eslanad L [A] Katunin Lagle plabs
ol s s 4 il el o TS S
Olis 5 sy o emlS Slmio sdlisianl 350 sla S5
5 Ol 385 el iSmge ol Sl eslizal L S 5
L [4] JNLas 5 Patel aas e &5 @3 5 ol
Ozl 55 ol F ool o Sorpe bs Sl esliza
S Al gl S se s L Lol atls o
LU, 4 Lsls 0lis cile slap o sl aib 2 515 el
Sl S5 Slhopart 03 k5 S il 2 i eeies
oslazal L[V o] (= es s Rahami .o ls 55 o akor
S g Sor g Gl Jod 3 S5 s AT eealie Sl
S Lsls ol 5 dls,y olos ol sl Sl s ol
Glcanl 53 o Sl 4 el laad o Sl i O s
@ only Glac st DUl 4 e jsb 4 WS DS L
S S s, [V ] Oyadiji 5 Yang ool aly S
ch.» Slostaad b Y o 05508 Olio ol 5 sluls
e Al a8 sl ol ol s ses &l dlsse (3
Lo odd dloge (S 3 mha 5o Pl ol LY 2 50
3 de Ui Il 3 mhe o pe il o ailns
Buad garta ¥ L il Oleis ol SO
| wlels o [\ 5 VY] ulKes 5 Rezaifar

bl o om bedd oV s s Sadlas

adae —)
SIS ok s b sl S e ol b s ol g3
Gosb 4ol pl Ol el Glosle gaoldl 5 sl
sbesle 5o Lol = gl Sl ol Sladisei 05SE o
S Ol p goladl 5 slal Gl L el
3 oS S e Gble s gl pl el sdew
L Ll o slosle GLaoll s adge sla ol = 5 S
Laojle 2ol Al Oy, 5 Coenl (il IS ls 1=
EX ol |,

T VRNV R PG (W WA FRRON PP P X JU
S ojle awka L ool ol s w455 e 5l ol
Ol pdd Lo cdas o 13 J,;‘U oy ole IS s Shae
b Sl Sds @Bl s s L sl esle slasal U
Eo 5l ol 5 el Ol il el 2ol
BB b a4 b slacas] Sl asle 55 el
Lo ol o 50 e b Ol e il plulis
S S Gl ol 5 slml 5l ol Jamn poie a3
el 5 Bl Bl 4 1 bl IS slaas pa 5 3 s
.3 gl wﬁb B} (U'Y

5 s Sole 4 Glohy arg el gleaas o
IS ke woojle bl 5 baosle 3 el plulis
Olse a oslo glagal LT ol ot plonil o3l bl
B I OO L S| P S N 5 UV PV | LW
el sllae bt s Shee bl s bty
N 2l A ) S S se ok Ol el
31y Gl Jljw nl a0 Ol e OF S8 w0 68 ol IS
03 gdes) sl 0303 @) e85 e by esgdene S s &S
Sorge b 31 oslizad b (U o jasde |, G55
OF bl wlad o 1y el LT I 31 (g miy SledIb
Jol S5 5 Ols a3 53 s IS (s3le e 2
Sl Gl e 5 0pSU bl nl e D] 208
sl 03 5 Ol Sl (ks 4 55 2 50 Lol

Jlsse glaesls 5 Ko 5JUT 5l eslizad L [Y] Katunin
Sdate GOS 5 s p 4 Gk Gos Sl edd b 5 S
Gl (S5 Joe gl sl oS s 0L s ot
Oyadiji 5 Zhong .ol p3Y Ko go Dl ol o 5l @5
Jisge gbaesls 5 (SWT) "ol K g Lot 31 obizad L[]
5kl el A Ll Lo S5 sl Kal &

3 40 Ji,\,? clresls gluns! &7};: J:lzj eSS Wsls Olis

2gd g ojlw ¢ liingfy g cale s /19

liCoo )y — pou g ¢, (50)Lauth _ puifud g Crueyy (Jluw



BV s o Sl (ol ke« lS 3 o3 gdoms ol (gl L,
U Sen 5 Gholhaki (6, Gaiss 3 i slgade VY
S Wols Oz sul Bl Sslus o a5, 5l eslizad L [Y1]
gl S s SEEGus bV 8 e Sl Sl ol
23 a0 Ol 5 obsS laosl s AL ol s slaesle 6l
RGSOV I RN P

5 Lies Glosle oLl (g Sage Sl Osw 5 LS
ool SIS S Jelge ple bos gy 31 s sy, e i)
3l Loy 5 b, 3l besle s sliscanl glasl o 21
Slosle bolal ol 5l i ol s conl Ll opl ol
53 e Gl oldis opl s plal ol il e el
o dlse 3BT Glaesls Sl eslizad b 3V 5 losle LI
G e el e Glaiadse olss sk
alsl 53 sl 0dy3 S wly Jhagn 3550 Sorge LT s
238 o ol Sorse s 5L Sl

S g fods Y
-8 lasiie oS codl bas s b Sope fidS
JL..ZJ)::}QJ C‘fv:.w‘ anS L;'LA) A)‘L.'k_gi)) b JL{:@;{{
a5 A Sl S Sl bl il (6 e Sl 8 e
‘[Y\]%T&wbq

oz 35 4 Sorge IS (IS ol S 2
Lo O gy g8 hask pl 53 4 Lledd i 5 (DWT)
el Ol BB (V) ey s w5 ol b

xowey _ L [T ~(t—b \
CWT,, =7 f x(OY (T) dt M

el (53955 S 2(8) 5 3l S e wb Y RINTR
A SKorge Jaml 5 il Colp S 4w b s a
ol sl 5 li b bl (@a>)) YL gla ulde
Aizes S glacs 5 L bl (@ <))

b sl s s Shs Lk S pe 2

L oYY 5 Y] AL e b Sorse mU Jsl =)

ool

j_ :oll)(t) — 0 )

17 3Y98 g ojw (iiogh g ale aypil

L Stalir conl Lol s, al&ilosl disse slaesls
O Ostw o5y 31 S s SHL okl LAY S buy
Sheslinal by s sed (g3lwand (63Y55 osldx 5 on s
On S e plalid @ Ghse wtegn S LS
s Hosseini vaez .Lud (oaV¥s ojlir 5 on aa
Glaosls anslis 4 S yo BT Sl eslizal L [V6] Arefzadeh
JEECTR ORIV [ WO VPR N I WS W
s el gl e et @ GEge 5 Al S5
Shesliad b ocond plebis aulp 53 &S WS edalis
Camdge 4 S5 S5 Ommen ulge ( SOkl glassls
el S Sl O 3 sl s
5 Sorge s 5l eslamal L [Vo] i\Kea 5 Khanahmadi
Sorpe olpo anlin & V8 wmio 55 e SO
S ool Ol mls a5 Wl gl
23 e Sl ol U5 S el e il
2Pl db el s S e balis
Slezse plad 03 5 ol S ol il slacnd s
comaman 3500 pllid 1 Conl gla s Ol 5 0 0l sy 5
G gl 250 Sla IS8 S ge o 51 a8 Wsls 0LzS La0]
bl lacanipe VL 550 o IS8 e Ll 4
DS plld Sose s Sl Ghemls s
G B S fods O eslimd b Ss G s Lol
D] s L atle i Olmio 5 cunl plulis
Sor o b 5l eslanad L DA 5 VW] 2L 5 Rezaifar
5 B el o3l s s g0 I3 o o 4t g
i bl b el e anlllas ol s st ls ol s
s W Sose e g Bl 5 sl
A S bl
allae 4 sl oalie ) eslinal b pl e pam 3
gl cad s asls el s (93,8 Eale sl
2 @ glosle dlsge ol oS das e OLS § s 5
Slosle b plo 5o ass )l 2,08 2edle [l fils
o> Jle Olge ol Sl Glehs Saeal B 58
o3Il 3l )y 4 [V4] (81, Ken 5 Gholhaki o(glanllas
SV s sllms S b Sl bediS o anl
Sl 5 ol GAs S S oS sl OLLS b s
52338 o Sy o b 5 6 IS e e Rl sl
Yoo Sl mie GWEEE) oLy e L besle o sas
2 IS sk s ess bl s I (5

oo J1ly - pgu g (1 50)lah - i g Cuanyy (luy

(5o JUdl xano g plIf> dligy (Lald 300 (ad)S (1000 Man (sra0l (b addiing



(5399 3 gslojlw gloJi)> Lago p ¢ iito Ly’ ()

J‘:y J,,\;J -¢
M lojlo ot G 3T 3] alan dlaojle Salys

el Ol BB (0) alasly &y 50 0 (5315 a3

d2U
- = ©)
M(dt2)+KU 0

e S Al 55 K s M b 5l OF 5 S
dsles e o3le 'C.AL". Mp U 5 Few g MXN
o 55 b (0) s e = > lolee (S L aaine
Ol (V) kil 50 @ bl @l IS0 bl 85
238 o

det(K — w*M) =0 Q)

ol 03l b S @ O 3 a8
a5 Gldla=di (6, dolee SO L (V) aaeine dslas
Jol 85 gl Jlaie Ol > 5l S ol blze n

el 3 g0 (S5 SG S S S A 0 p e

ezl Jode dez lesle ol 3 ,uxs 45 e
2 3 el SIS (e 5 p2) il 1 e e
5 L) ol S8 glagaly  Of Sl as
bl eon S anlnly 02250 B Gy sl IS
533l S8 Shash ssse el pedle L dis Ol
.wlamw\;ﬁwhﬁ-jmw)ﬂ@ubl

Wi 345 i -0
5 Pl gl s ¥ 50 losle Ol dlsge Lo
03 e Bl T Jsb 4 Ul e sl 8 8 5 55 L o
5 el ol plowil ABAQUS 35ioms 1l I3l o5 L
S () US55 5 sl s 2 (oeilS 53 Slie (V) s
sdalie ol ol 03,51 Wl Sl 3 LSS5 8 i s
ol s glasgs lS 3 ldis ool 3 oS 33 5
ol S W Sl bl IS5 ) el sl
5 palie 51 D4 ol Sl LS ol (e
olis 51 D3 ol Sl S8 5 slie 5 D3 el Il
5l 7S D2 5 D1 ol gl 51 S a slS
il 55 (ze¥l Jode 2al) ol 35y Lo 4 ol

.QA-H\"

f ol 4 1Y 5 TY] Al 3 sdome OF (550 Y

+00
f [p(®)| dt < +oo ™)

o)

‘[YY*Y?,] LS LBM (2) ﬂ\.k.:b B J.il; -y

—00

dw < 400 t)

() dhasly el ooy Sow 5P w58 s WOl 5 a8
o)l; &'i 6\)1 &}}A cu BL) 6‘3}4‘ UJ-J:':M—J S el L;\a.,a
IYY] :}a;wﬁ AJV\MUaUJS L.fJLA)

s9dow ) gilwdde Y
chis by o b Jsb o4 () K2 ¥ s ol
Yieons wzaYl Jsdte SO Sls yas 5 IPB220
Comd 5 e e g SAS VAGE SIS KL
OLl 5l oslizal U Jemio o 53 a8aSS Lol o b /Y il s
5 el O3 2o bl 1 S L s L Wire-Beam
3Led s ABAQUS 3 5dwe 521 i385 ;3 D4 L D1 |
(V) Jsd> 53 i canl glacdl Slasin ool odd

RGP 4_7‘)‘

Y
AR ah
L. -

ol 55 ABSS Ll i b s gl Ol Y s

(\)JQL;AY)&];); WT Slasein =\ Jgd>

WT Lo s S 03 gl>we oyled | sl WT

Y ) +/40-1/+0 \ \ D1
Yo Y V/40-Y/+0 Y \ D2
Y \ +/q0=\/+0 \

Y D3
Yo Y V/40-Y/+0 Y
Y \ +/q0=\/+0 \
Yo Y \/40-Y/v0 Y g D4
Y Y Y/40-Y/+0 Y

2gd 9 ojlw ¢ingfy g ale s /1N

liCoo )y — pou g ¢, (50)Lauth _ puifud g Crueyy (Jluw




ol sse ol s Il gl IS8 s 5w B 5 B O 5 kS
spe s S ploul Coale S das o0 OLES e pw)y 5 Lizes
asl3 5 LS ad s Ol e 51 G5 o b ol 1
g K I S ST OR T g
5 b ape G ISS i asly () Jsdr D3 ool a2 55 VA
Lol5 Sl paghe ol odd Wil 4 o
ey s ool e e S SS a4 S

ol sdalie BB (1) S5 3 DT ol 5 Wl

(4 33) ol Wl e b IS0 4l Jlie —F g

() el 5 (b Gladls Jsl 350 it sla il 3 Y Jga

:ye)l.«:' rb

e~

0 ¢ Y Y

YVA/QY | VAoV | \WVa/es v/OYV +/YY0 D1

ATY NTAR YYA | IVAANA | Y D2

V/Yod \Vv4/Yve VY +/OYY +/YYA D3
\VEEA +/70) +/AYE VLY o/e 08 D4
3rd Mode

Undamaged Beam
Damaged Beam

Deflection

0 1 2 3 4
Length (m)

4th Mode

Undamaged Beam
Damaged Beam

Deflection

0 1 2 3 4
Length (m)
el 2 (o
5th Mode

Undamaged Beam
Damaged Beam

Deflection

Length (m)

o (g
D1 ol 5 Il 350 sl o Y IS

197 3Yq0 q ojw (li1ag] 9 Golc apis

WT I G| o)w
D4 D3 D2 D1 o 25
LL/ENO £4/vi tg/a0Y £0/2VY | L0/YVE \
\4/¢0 WY/ g ANATAN ANAVALY VVY/AN Y
Youa4 | YoAA Y /00 Ye/47 | YAY/A0 Y
OAQ/Y 041/Y) 04Y/\o | 04Y/V) 04¢/v ¢
AYQ/+0 | ALY/EY | ALV/AQ | ALV/0E | AOY/+Y 0
V\ev/o ARRAYAA ARRRV}3 ARRAZEY ARRAVLY a1
| 2nd Mode 1st Mode
= o
2 2
8 0 3 0
&= &=
[ 5
A [a)
-1 -1
0 1 2 3 4 0 1 2 3 4
Length (m) Length (m)
! 4th Mode 3rd Mode
= o
S 2
3 0 3 0
& =
Q j*)
A [a)
-1 -1
o 1 2 3 4 o 1 2 3 4
Length (m) Length (m)
6th Mode 5th Mode
g g
80 3 0
&= =)
Q 5
) [a)
-1 -1
o 1 2 3 4 o 1 2 3 4
Length (m) Length (m)

2 lesle Olall (L) sl 350 (sla IS0 =Y S

ol b3,
s 3 LI a3l i, 8 By SO S LS
5555 1 i€ g3l s kB a8 el iS5 — 0L
QI S99 dLi.:...« u»le‘ U?A'A B ,J)\; umJLsJ‘ﬁ 9 QLA) a)'}>-
Cogo a3ge S IS Sles el plalid 5 30T g
o ol 5 s g gl IS8 ol b ol 350 S

238

Si= ¢t~ ¢f v
L

Si=¢f W)

ICee Jy1— pou g o s0) b puth g Cuwy gl

(5o JUdl xano g plIf> dligy (Lald 300 (ad)S (1000 Man (sra0l (b addiing



(5399 3 gslojlw gloJi)> Lago p ¢ iito Ly’ ()

=6 S eslizal L N P 2B 0L OT) sl s
S ety b IS e b ocoif5 S
el 0 s S

D4 U D1 ol Cilises glacdl= 3 ol obs, =
ol 4 5 Oad &S s e 0L ()L OY) sl s s
Sleslaad b Olg oo 50 93V 0 o5l Pl Lol S5 K3
5 ks b ool il Glacaad e S pe L 2,
Ol basge bl (olsped mld copomen 2500 glulis
ol s bl ol glacad e 00 Wlsl L 45 das s
G oS e e b B el Glacadne S
ol e laadsn SIS a S ge uls (ks
R 5 e Ay il Glandge s S se il @
U ol by 5 paeiS ) Gl S Sl S
B e S s

D4 (1st Mode) D3 (1st Mode)

53 (V) dlaly 53 Sorge s 3505 IS a3
W Lot ol 5 Il g0 Sl IS 0 w503 &S G se
St e S ] S s PS8 Sl a
i s el cds Al ke 4 raen 235
oslinl Lasgo IS0 b0sss 5l Sompe b (63555 IS
S sl Ol sl Gl el 530 oY 58
Al L0553 Sl (xSe Gl (21055
Sy mls S84 L S R PP P vy
o S w5 L oSl sbd planil (g3dame
by 53 3505 Kw Sorge LT Sl 51 Jols
55l plulis oYU C35 b el lacandgo 5 J b
COIfS S po b el (5500 s (V) B (5) (sla S0
535 G 53 Sopo a (V) Ay b (635, WK im0
(ot el sl e3ls OLES (g 4w (V) B (N sla 2

D2 (1st Mode)
I

D1 (1st Mode)
50 l

Scale

o 1 2 3 4 o 1 2 3 4
Length (m) Length (m)

D4 D1 ool glacl Jl 550 (53,5 JEKss Km0 ol b (§dmy 33 l3 505 — Jss

D2 (2nd Mode) D1 (2nd Mode)
50 50

o 1 2 3 4 o 1 2 3 4
Length (m) Length (m)

D4 LrDl Wiéudb— r)} 2}&63})} JL{.:.../ &"}“V‘:’.‘j& L_g.h..p):)‘)}a.;—o Jﬁ

| "B
(]
=
Q
%)
o 1 2 3 4 o 1 2 3 4
Length (m) Length (m)
D4 (2nd Mode) D3 (2nd Mode)
50 50
(]
=
Q
n
o0 1 2 3 4 0 1 2 3 4
Length (m) Length (m)
D4 (3rd Mode) D3 (3rd Mode)
50 '1 wl 50 'l
o
=
Q
%)

0o 1 2 3 4 o 1 2 3 4
Length (m) Length (m)

0

D2 (3rd Mode) 50 D1 (3rd Mode)
I |

1 2 3 4 0o 1 2 3 4
Length (m) Length (m)

D4 b D1 ol (slacdlo p s 350 (63555 JiSow Sor 3o sl o (a3 Jl505 1 K2

290 9 ojlw (iling) g palc s /Pe

liCoo )y — pou g ¢, (50)Lauth _ puifud g Crueyy (Jluw



D4 (4th Mode) 0 D3 (4th Mode) 50 D2 (4th Mode) 50 D1 (4th Mode)

|

40 40
L L
:03 30 :ng 30
20 20
10 10
o 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
Length (m) Length (m) Length (m) Length (m)
D4 b DL ol slacdl o5l 390 (53,5 JiSm Sor ol o (S 3 3 p0d -V IS5
D4 (1st Mode) D3 (1st Mode) D2 (1st Mode) D1 (1st Mode)
< 10 3 = 107
L 2 [ 3
5 2 2,
ol ool
= =
ﬁ_” ﬁ_”
30 30
40 A
30 30 . 4
20 , 20 p 2 .
JR TR (1] ele 10D
Scale Length Seale Length
D4 D1 ol slacdle Jl 550 535,5 JEKn SKor 5o al b (Shns 4 13 503 —A Js
D4 (2nd Mode) D3 (Znd Mode) D2 (2nd Mode) D1 (2od Mode)

D4 D1 Widud\;-v}))}Aéé)_})d&ﬂ;{?}»;ﬂ‘ﬁé@w)\:w—qJs.::t

D4 (3rd Mode) D3 (3rd Mode) D2 (3rd Mode) D1 (3rd Mode)
- ]n': : ]n': : ]u';
W 4 o 4 o 4
2] 2 2]
o2 o2 o2
= = =
ﬁ_” ﬁ_” ﬁ_”
50 50 50
40 40 40
. 4 30 - 4 30 -
20 p 2 ' 20 : I 20 : 7
T 1t o e 1t o el 10 o
Scale ].l.‘l‘.l_L’.l.h Scale Ll."l‘.l_LEl.".l Scale ]_L‘I‘.l_LEI.h Scale

D4 i D1 Widudb(:y}}ﬂé)j)}J&A&}Awlﬂdww)b}u—\' JSJ

Pl 290 g ojlw (g g Gale aypis

4

Length

(5o JUdl xano g plIf> dligy (Lald 300 (ad)S (1000 Man (sra0l (b addiing



(5399 3 gslojlw gloJi)> Lago p ¢ iito Ly’ ()

D4 (4th Mode)

Length

Scale

D3 (4th Mode)

Length

Scale

D2 (4th Mode)

Length

Scale 10 g !

D1 {4th Mode)

_—
20 2 -

Length

1st Mode
%10 D4

WT Coef
%o bk o &

o 1 2 3 4
Length (m)

2nd Mode
x 10

N
=/
EN

WT Coef
A b o wa

(=)

1 2 3 4
Length (m)

3rd Mode
%10 D4

WT Coef
[T SR

(=)

1 2 3 4
Length (m)

o b o B

WT Coef

1st Mode
%10 D3

(=)

1 2 3
Length (m)

N

WT Coef

1st Mode
8x10‘8 D2
4
i
4
8
o 1 2 3 4

Length (m)

WT Coef

T

D4UD1 WI&L&Q[}- d)\ :y [RLEDE) JLK:«\N&S?"}‘ g,g*\f.a_)\é",u—\\' JS.::

WT Coef
b o w o

'
=)}

2nd Mode
x107 D3

T

(=]

1 2 3
Length (m)

N

2nd Mode
7 D2
6 x 10
T 3
© 0
~
= -3
-6
0o 1 2 3 4
Length (m)

WT Coef

&b o wa

D4 U D1 WTL;\A;Jb-Na 350 835, I Sorgn gl 2 ls 50 =V S

WT Coef

T

o 1 2 3

3rd Mode
x10° D3

N

Length (m)

3rd Mode
© D2
2 x 10
i
S :
0
C L
= -1
-2
0o 1 2 3 4
Length (m)

WT Coef

(SR

D4 b D1 WT(_SLQ\:J[?(‘V 290 (52903 JL(:M&}}A g_,\_l\j.p)\.:}u—\i Jg.-:c

4th Mode
%10 D4

WT Coef
S b o wao

0

1 2 3 4
Length (m)

WT Coef
S W

4th Mode
x10¢ D3

o 1 2 3 4

Length (m)

4th Mode
© D2
6 x 10
T 3
(o}
O 9 *
S
-6
0 1 2 3 4
Length (m)

WT Coef

S b o w o

D4 b D1 ol slacdl> eoler 250 63555 S S g0l 350 =10 S

1st Mode
x10% DI

4
0
4

0o 1 2 3 4
Length (m)

2nd Mode
%107 D1

0o 1 2 3 4
Length (m)

3rd Mode
5 x10° D1

o 1 2 3 4
Length (m)

4th Mode
%10 D1

o 1 2 3 4
Length (m)

2gd 9 ojlw (iingfy g ole s /bb

oo jaly — pow g (uw (s0)lash  prish g Cuaugy (luy



U s gl sse am gl (V) alaaly b i a (g3, IS
Sy50 Slasge 534S 358 o edalin ol ol o351 (171)
Ve ol S R L s elde S 3 e
ol e (V) Cambe o ezl Jole 2iy alS)
Sorge al 5 205 GRIB1 ) ol S g S e
Wl s | Cand g el D 5 4 el SlaaB e L
S o T sy e S Sl oo SOl s s

RSl T

D4 (15t Mode)

< 10 < 10
v 4 v 4
o2 o2
= =
ﬁ_” ﬁ_”
50 50
A0 A

3

D4 (15t Mode)

el DS S ) Y
Sor o T ol s oy e Sl e
Sl S (IS s et 5 ] Sl @
il s ple Sose il ol Cunis
bl oss oY 57 ol Glacadse ool slacas
TP TGN LTSV R PRV | RS PR VIRV (O A P IVA 1
A VAN (U BT U B O BCTE P V4

D4 (15t Mode)

- 30 . 4
A A

20 ;2 20 : 40 12
5 T 1 o 5 T 10 5 T 10 0
Scale Length Scale Length Scale Length
D4 (2nd Mode) D4 (2nd Mode) D4 (2o Mode)
. ]u‘ . ]u‘ . ]u'ﬂ‘
25 NN rh \ ek \
U4 U4 U4
E 1] ; 1] ; 1]
50 50 11
40 40 40

3

B . 4
A A

20 ;2 20 : 20 1 2
T 1 0 T 10 T 10 0
Scale Length Scale Length Scale Length
D4 (3rd Mode) D4 (3rd Mode) D4 (3rd Mode)
<107 <107 <107
U2 U2 o2
= = =
ﬁ_” ﬁ_” ﬁ_"
50 50 50
40 4l 40

2

Length

©

B . 4
2 A 2 3

Length Length

(Al

yAR (C)/r' (u WAK (J‘WTC’M\;DLI- WTQB{)L@%UJ)\&L&A}»&))})J&A S:-jag,a”'fp 6.@%}‘})&3—\-\‘}&:

el ol onls OLES SIN G558 A ASS
Ol (A) adasly (93555 U 31 oslinud b pbwe mls

WTM LS‘J" JAT)S Lf‘;}) 63% uﬁ/}) ASJ.AbLSA
el Sglize ABASS Ll i L g3V S

b/ 3Ug g ojlw (iagfy g Golc aypds

AES ylpd K bl s, A

o ,8 5 laie — s S aBasS Ll s L WT bl
LSLAJK‘:“' (\/\) B (\\/) 6[.&J§.Z BE el sl Cbu‘ )‘); -
Lyld 5 D1 ol S LoV 5 ess 5 ol s

oo J1ly - pgu g (1 50)lah - i g Cuanyy (luy

(5o JUdl xano g plIf> dligy (Lald 300 (ad)S (1000 Man (sra0l (b addiing



(5399 3 gslojlw gloJi)> Lago p ¢ iito Ly’ ()

w1077 1st Mode

WT Coef
[e]

4 : .
0 1 2 3 4
Length (m)
%1077 2nd Mode
«— 4
(]
5]
© o0
H
= | . .
0 1 2 3 4
Length (m)

Ll 3 b e 5 sl slasgs Somge il o Sl gei Y0 JSS
oS = a8 A

PRETHINPRY sl glacdl 550 sl K5 6331 Sl s
Sheslined b et w53 aB4SS Lyls L D1 ol
C,....:\AJ..J:L\;J(‘\).]@U)W}JJS

r = 2 * (rand(numel(¢#*),1) — 0.5)

R =1+ Noisexr )
(;bdl,Noise_ dl*R

i =¢i

D1 ol LI sl 350 e s (V) S s
I iy, 5l sl b ciliie lados 31 e
Sl ;)4.)<=)y ol ol esls OLES (V) AJafl)Lgééj)j
odd g IS by gl L e s oomen .njfus
lie ToOsg sl ;}1} J._J.s . “.’:*“T )‘L.«)L{;ZT

.A:;g;é J..é[:— WTC,.;;J}A)J k_i})ﬂ g_,..v‘\j‘o qu.:,a

S -V
B8 Lyl b Sl gl baosle s ol 585
At w el IS el (S ol ) Ole
e S R S B e
(ol T sy 4 Sl LB e golamnl 5 ela]
OF & Glots ax 5 5 o3 Cueal ghls o3l Cdle J 28
s 5 bl Gl sdae slaiss 058t el o3Y
S S5 5 Gl e e 3 S g 4l
S 4 bae ba dg, nl 51 S cl sdd &1 o5l

o‘)l.w 6&@[—_{ l: PLY R w‘ 4 ! LQJLK.:.N U:")bji

S S-S (e

Lyl a ko L5 lesle O Jl 550 sl K2 VY K3

o N A
ke = 13,8 (Ll

—

.4 i X

8- 8 (e

Ll b eaVss 5 slesle OLI o3 350 sla S5 A s

w1077 1st Mode
«— 4
[
5]
O 9 %
H
=, . . .
0 1 2 3
Length (m)
%1077 2nd Mode
«— 4
(5]
S)
Sa()
=
= . . .
0 1 2 3 4
Length (m)

Ll bess 5 dsl glasse Sorse il o Jlasei -V S
hais = 15,8 A8

S 2 25 1 B 5o bl pbs, A

S s Ul 52455
Slabs ) 68 358 0 ao s biesle 2ol (b Bles s
E) Ls“’).L"“’ J:J:u“ )\J'.'é‘ ¢J.: .153.>r.a BE U.L-"’ LsL“C*”Ll » ;515?""
MATLAB I3l ¢ 5 Jams s> g3kl 5 4l &5 w0 b
o ] gl (olgin i, el 5 538 Jlesl

e bl sl lag g il clae b s s

2Wgd g ojlw ¢ lingfy g (ale il /M

10 1L — pgu g (w (s0)lath _ aduid g Cuuy (Jw



S Somge b s e Sl a5l sl wsles
B s Oy eism 3 I o 350 sla by
ol BT I 51 (g mie SleMbl ol Sl eslizal b a5 ol
i 33 53 & il e 53 OF sl ulad
25,8 o &yl i 35 0l
5 slosle Ol s ol pbs) dies Gli g cnl
Cxo o Glosle gbaoldl oy Sogs S Olge as ooV
A3 S e Jlal Vit 5 b (gileolatle
Lo b el sgioms [l 1580 0 5 James 53 (g5lede T2
gl b ool 05k lacaass s Jisge U
ol S 3 e SIS i sl gl A Sl el
Sl glasge olad uilS 5 esls olis conl 52 s
e 5 Sl S s Sl g il S S ]
F sl DLl 4 i ol Cndse Oas Sl L
gl b3l Rl min S E sl eV
G S e ks 2555 IS cosome 5 Wl 350 gla S5
5 Pl s LS JSE 5 Cseme pe IS D50 5
S I e e S
Sorsn T Sorse e Sl Sl Jol s
Cgr Gweipe 5 e Sledbl gl (g35,s JBS
I N G C S EYCIL PO PRSP I
Alie e 3 ol 3,058 €OIE S 50 b b e gl
S das e oS
S o LT Sl 3 Jols st Gl )
s o 3l L aS Lgls 1y B ol e S JLE
el 53l Cilises glacandge 3 (g STu> 5 Ll
L el il glacandpe ol 5 585 sla e
Aol plubl 5 oo,
Blol boas das e Ol Lasse bl (g)la 50 il =Y
s S 3l 53 Gk b ] Candge UG
ol Sl 3 Sorse ol Sl 5 Bl
Sl olie (Goke bl sy 4 S
S onl s dmea o ) i ol il (slacoad e
L3 38 o Cpmimes Sorgn adidi sy Sl o
a3 sy A0 el Cmdge S plalis g
2 el aciad e e Ll s S e
Cope 4 S fld s e S8 IS T
O 4 Ams e OLES ol Il 350 JSCE L e o o0
Vb bl L Ol e 5l o5 S0 slagals 5L

Po/ 3gd g ojlw (,1iingfy g (oale aypil

1st Mode (Noise = 1.5 %)

50

Scale

(=
—

2 3
Length (m)

N

1st Mode (Noise =3 %)
50

Scale

[«

2 3
Length (m)

N

50 1st Mode (Noise = 4.5 %)

Scale

(=)
—_

2 3
Length (m)

~

1st Mode (Noise = 6 %)
50

Scale

S

2 3
Length (m)

N

50 1st Mode (Noise = 7.5 %)

Scale

(=]
—_

2 3
Length (m)

~

50 1st Mode (Noise =10 %)

Scale

S

2 3
Length (m)

N

Ll,i D1 el S Jol 550 Somgn ol Sl 50l =YY K2
sl lados J B 8 B o fade w53 284S
Pl gy s

oo J1ly - pgu g (1 50)lah - i g Cuanyy (luy

(5o JUdl xano g plIf> dligy (Lald 300 (ad)S (1000 Man (sra0l (b addiing



(5399 3 gslojlw gloJi)> Lago p ¢ iito Ly’ ()

continuous relative wavelet entropy method”, Structural
Health Monitoring, Vol. 13, pp. 1-14.

[7] Li, J. and Hao, H. (2014), “Substructure damage
identification based on wavelet-domain response
reconstruction”, Structural Health Monitoring, Vol. 13, pp.
1-17.

[8] Katunin, A. (2015), “Stone impact damage identification in
composite plates using modal data and quincunx wavelet
analysis”, Archives of Civil and Mechanical Engineering,
Vol. 15, pp. 251-261.

[9] Patel, S.S., Chourasia, A., Panigrahi, S., Parashar, J., Parvez,
N. and Kumar, M. (2016), “Damage identification of RC
structures using wavelet transformation”, Procedia
Engineering, Vol. 144, pp. 336-342.

«(\Ya0) of Sl S8 5 e Dl e (Sl el e ol V]
ML.J:A Sleslial U ol ool gl Sw 5o ol pluls”
g R s% 5 e a2 S e i L5 53 65 s 5]
YEASTEY o & oylad A 033 S el s James 5 Ol o
[11] Yang, C. and Oyadiji, S.0. (2017), “Delamination detection
in composite laminate plates using 2D wavelet analysis of

modal frequency surface”, Journal of Computers and
Structures, Vol. 179, pp. 109-126.

b A il 5 (Sl g g ol 3 la, VY]
sloesls wlal 5 on bads 63V 5 cadsiw 5o SAdlir cuul
wtl s il pwdige iash s ele 4 s & Al lT i
N4y I & "}l} e)L«.:« A 0,95

[13] Younesi, A., Rezaifar, 0., Gholhaki, M. and Esfandiari, A.

(2019), “Structural health monitoring of a concrete-filled

tube column”, Magazine of Civil Engineering, Vol. 85, pp.
136-145.

Sl o anli” (O740) b esly Cajle e cdisls = [VE]

s S gn Lo Sl ealizal b s e el oLl 3 Jlage

e AN “)L‘—"j‘ Jo-Y 09 c;Llf.; [)U&.& e L;iﬁ}};} ‘;J.G
AV-TY

s Q) e (Ses 5ol 3 Gl e et 0L [V0]

534S Sorpe b ol amlie i 2V 5 Slmio

(ol s osla wdige 4,05 Fa 6 5 el Glasse IS8 G
TVESVAA o 0 o jled A 6555

sle—s” (YN esSE sl ols e el 0L 1]

elals r:,_),_<Jl e (BL 3D Clmin) ala ty slasl s
e M C NP I P I %

https://doi.org/10.22065/]JSCE.2019.197470.1923

e b Sl (YA o (Sl 5 ol e e VY]
cuﬂwéuwuwgwudlfwﬁwu
SLanl (i, Ol e lige 4,55 Egnde Jhsy 5 AR LT
https://doi.org/10.24200/]J30.2020.56237.2812

[18] Hanteh, M. and Rezaifar, 0. (2021), “Damage detection in
precast full panel building by continuous wavelet analysis
analytical method”, Journal of Structures, Vol. 29, pp. 701-
713.

ol s e alelid 5 obsy ) conl Cilises glacun s
Bybe Cmime Sorge b3 e S 6l e S
oo a bosle cadle (Ll SV ) (ol 53 15
B BRTEN S OaIS 5l ebile br 4 dad s laesla
s 3 el Ayl Sl ol e O Ko

Al el

S se ks r“w;ﬁ‘ Lol play olginy 55, -8
o] b ge G el S (2l L a8 s e Ol
DR S gr e ol Cand e O S ol LS
el Slacandpe b Sorse il sl 5 (W
Sl go 51 S a S sl o Soke 4 13,108 o
ol gl g g0 O el o 1 i LS ]
Glosle Ol conl Lasis gl Koo LT s, -0
35 Oloman e BT Lild LoV S
Sy abse glalis
Condpe bl s sl B oleiy 2y
4 el 35e GlaJSCa 5 St JUSms 51 oslinal b ]
CL” L;»L.aj slasy s alizes glads s Sl sl s
355 ol S 5
i el gy SO Ol 4 Sorse e )
35 4 el Ot 5 5 glosle GO s cund Sbsy s

S350 Olse & 350 IS5 LIS ine b hass ol
o) io glat b ool il Sl (Soge LS
38 ST Gl

el

[1] Zhou, S. Tang, B. and Chen, R. (2009), “Comparison
between non-stationary signals fast fourier transform and
wavelet analysis”, Intelligent Interaction and Affective
Computing, International Asia Symposium, IEEE.

[2] Katunin, A. (2010), “Identification of multiple cracks in
composite beams using discrete wavelet transform”,
Scientific Problem of Machines Operation and
Maintenance, Vol. 45, pp. 41-52.

[3] Zhong, S. and Oyadiji, S.0., (2011), “Crack detection in
simply supported beams using stationary wavelet
transform of modal data”, Structural Control and Health
Monitoring, Vol. 18, pp. 169-190.

[4] Bagheri, A. and Kourehli, S. (2013), “Damage detection of
structures under earthquake excitation using discrete
wavelet analysis”, Asian Journal of Civil Engineering
(BHRC), Vol. 14, pp. 289-304.

[5] Xu, W., Radzienski, M., Ostachowicz, W. and Cao, M. (2013),
“Damage detection in plates using two-dimensional
direction Gaussian wavelets and laser scanned operating
deflection shapes”, Structural Health Monitoring, Vol. 12,
pp- 457-468.

[6] Lee, S.G.,, Yun, GJ. and Shang, S. (2014), “Reference-free
damage detection for truss bridge structures by

2gd g ojlw ¢ lingfy g (ale s /b¢

oo jaly — pow g (uw (s0)lash  prish g Cuaugy (luy



b/ 398 g ojlw (iliaghy g palc ayps

POy R W g | adlas” (1TAY) LG5 el op (S op aégﬁ [\4]
a i eV s o slagles a8 ks shy p eSS s
AV=VY e & 578 oslad 0 695 (Ll 5 o3l e

e OYAA) L e b Lo GG el o SE [Ye]

Sl s iy 4 S50 Gos LN L Dl Sl oo

Al A};J e)l.»..i A 0,93 Wl 3 A)'L..u WJ..&A “'lj":"' g“(lDA) a.\..:\fé‘
XYE-YVY o

[21] Mallat, S. (2008), “A wavelet tour of signal processing: the
sparse way”, Academic Press.

[22] Zhongm, S. and Oyadiji, S.0. (2011), “Detection of cracks
in simply-supported beams by continuous wavelet
transform of reconstructed modal data”, Computers and
Structures, Vol. 89, pp. 127-148.

[23] Hansang, K. and Hani, M. (2004), “Damage detection of
structures by wavelet analysis”, Engineering Structures,
Vol. 26, pp. 347-362.

[24] Hester, D. and Gonzalez, A. (2012), “A wavelet- based
damage detection algorithm based on bridge
acceleration response to a vehicle”, Mechanical Systems
and Signal Processing, Vol. 28, pp. 145-166.

S (s
1 Wavelet transform
2 Stationary Wavelet Transform (SWT)
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4 Laser scanned operating deflection shapes
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Numerical study on the seismic performance of realigned steel moment frames

M. Yekrangnia, M. Abedifar

Abstract

Due to the increase in construction costs of new structures, it is expected that attempts to develop new techniques to
accelerate the return of earthquake-damaged structures to service. One of the methods that can be used is re-aligning

the structure. In this research, three models of steel moment frame structures with different numbers of stories, were
analyzed by nonlinear dynamic analyses with the help of Abaqus software. The studied models have been subjected to
several different records. Each record is applied to each model under three separate fashions. In the first case, only
one earthquake record is applied to the model alone. In the second case, IDA analysis is performed, and the structure
is subjected to successive earthquakes from low to high intensity. In the third case, the analyzes are similar to the
second case under seismic sequences, with the difference that after applying each earthquake intensity and before
applying the next intensity, the residual displacements of each floor were made zero, which is an example of aligning
the structure. It was concluded that in most cases, the second series of analyzes, have the maximum drift and residual
drift ratios.

Keywords
Steel moment frame, Maximum and residual drift, Seismic performance, Aligned
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Experimental study on the cyclic behavior of trapezoidal corrugated-web RBS
connections

G.R. Nouri, L. Tavakoli, H. Hoseini Lavasani, M. Nasiri

Abstract

The use of corrugated-web has been considered due to the increase in off-plane stiffness and its buckling strength in
the design and construction of deep beams. In this study, the performance of a moment resistant connection with
reduced beam section (RBS) beam and trapezoidal corrugated web were investigated under cyclic loading. The
variable parameters in the constructed models are defined as the corrugated web angle and the RBS parameters. Two
specimens were made with corrugated sheet angle of 45 and 30 degrees. Also, in another sample, the RBS
characteristics of the beam wing were changed in accordance with the design criteria. The AISC cycle loading protocol
was used for testing and a maximum of 40 cycles were loaded until connection failure. The results show the stability
of the specimens and their acceptability according to the regulations and no instability was observed in the hysteresis
curves up to the point of failure of connections. According to the results of the experiments, by reducing the
corrugated web angle, the bending capacity of the connection is reduced by about 10% and the amount of energy
absorption is reduced by about 27%. Based on the observations as well as the recorded deformations, in all three
specimens the panel zone showed linear behavior.

Keywords
Moment resistant connections, Corrugated-web, Trapezoidal corrugated-web, RBS connections
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Seismic performance of high-rise reinforced concrete buildings retrograde with
consideration of soil and structure interaction
A. Pashai, A. khodabandehlou

Abstract

The need for more high-rise buildings that have complex reactions to earthquakes makes controlling soil-structure
interactions particularly important. Also, the architectural and aerodynamic requirements of high-rise buildings that
lead to post-deposition necessitate further studies is inevitable on the effects of post-depositional and soil-structure
interactions. In this study, a three-dimensional, 25 floors reinforced concrete frame with a particular moment frame
structural system along the X and Y line in a very dangerous area (a =0.3g) with two models with the height of floors
(3.2-4.2) has regular (1-12) and with post-depositional (13-25) floors on the soil (1,11, and III) is assumed without
soil-structure interaction. The purpose of the present study was to determine the maximum horizontal lateral
displacement (absolute, drift) floors, base shear and invert anchor frames. To model the sub-foundation soil from
Themickwolf's cone model, determination of coefficient of dynamic stiffness of spring and damping coefficient using
discrete model based cone model in half homogeneous space for the analysis of soil-structure interaction from the
subsurface method. For seismic load analysis, the nonlinear time history dynamic analysis method by direct
integration method under seven accelerometers was used and geometric modelling was performed on all sap2000-
v18 software. The result shows that with change in soil type (II to I, III to I, and III to II) without and with soil-
structure interaction, the trend of the maximum lateral displacement (absolute, drift) in two model (1 and 2) of
storeys (1-25) along (X and Y) increasing, maximum percent increase in lateral displacement (absolute-drift) from the
floors (13-25) to the floors (1-12) respectively, lateral displacement (decrease-increase) and soil (II to I) without and
with soil-structure interaction from the floors (1-25) due to stay periodic the soil (I and II) does not change. Also, the
maximum base shear is reduced of model 2 to 1 the soils (I, I, and III) without and with interaction along (X and Y),
and the maximum overturn anchor is increased.

Keywords
Displacement, Discrete model, Substructure, Time history, Nonlinear
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Demonstration of the effect of higher modes on the seismic performance of
middle-rise rigid frame skeletons with modal pushover analysis approach

R. Rabiei, A. Meshkat-Dini, P. Homami
Abstract

This research reviews the characteristics of strong ground motions in near-fault zones and analyzes their effects on
the seismic behavior of mid-rise structures with two types of earthquake resistant skeletons. The studied structural
models are mid-rise 10-story buildings with bundled tube and 3d moment frame skeletons. Also, the analytical
capability of the modal pushover analysis (MPA) method has been studied based on the estimation of structural
response parameters. The maximum inter-story drift, axial force, and roof maximum displacement of the studied
structures were determined by conducting nonlinear dynamic time history analyses (NTHA) and the MPA method
under the effects of lateral loads. An analytical comparison was accomplished among the obtained results. The
processing point with the updated approach has also been investigated based on the effects of near-field earthquakes
affected by various directivity processes, in the implementation of the analytical procedure and the computational
efficiency of the modal pushover method. The results of this study show that the error of the modal pushover analysis
method, the values of which also differ in the different floor levels, changes according to the number of vibration
modes, the type of response parameter, and the type of seismic resistant structure.

Keywords
Bundled tube frame, 3D rigid frame, Near-field record, Nonlinear response, Higher modes, Modal pushover analysis
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