e
n

,ﬁf\\"" Ol g3 0l cppd Jlo
e

DOI: 10.48303/bese.2023.560.196.1094
Oldie 313 5 SVl (b 53 g S5 A5 5 e 7 (88 o
O gt o 5 Cho SVl 3 Shas 350 61 B Cls OT 1) (g3ubaze
s Laedsl ol 51 5 s 5 aalllae 5 g0 |y Lt (slaenty]
P 05 4,8 el Joee 5 dman Gl S5 sl Sl Cilas
Sbys sl Kos s Jlail aater B s S ok 2alS
5 ARaLST Gla,)ls oSS 4 6 a5 Shes 5 0s S jeze Sy
Sl b 4 015 o T ahox 518 axiliE 2leST 4 4 3daze Lot
oS ) WS1305 Bys L dlasl 5 587 Gy b Jlasl 6,
S o8 a5 odd hmann Sla 25 59 @l Il o ST oLl (G
Conilon 5 Sty Sl B)5 i b (gn55 5 A o0 &S Ll anir
ST los s Shes 5038 5iun |y bl andir ¢ g Ko sl |
Jlail I (S 5 S L lodl = b b bl Al )3 dide o 3 5
56V s L o JLasl 5 (W81 5L5 G5 b Jlasl el G5 b
LeT laco o ol ol mas el Vo Emmnn 53 0l b (g 5
MWJL&‘&‘:)):&;:MQ)aM@?JL:SiJ_,la«i
304l G5l d Gman Doty ($3lgihy e jskale pl (sl 050
Sl 53 (S e Gl sl eds o s o 5 by
Ol sl a3 8 4 e > Birth & Death iy, ¢ g5V 53
(s Kiwgw (ladys i o gdhe (galgiiy Jlasl & das o
@ 3 s ISl O L 0 Jlail anlir 4z 5 BB Oy 58 o e
Gl i Codor amiti 53 5 O gt Jb sla JSE i 2alS o g 00 g
sl ods Joun ol 53 (G
Jlasl e,k G)s b dlasl b g 4 5 o sl 1Sls” O 519
(253 6l Baa b (i o Il o (WS155L5 s b
O Jb S % (JUasl asior Birth & Death

S35 ~FEMA &S ,Lie L SAC-TT o35, 53 slos pu
U e oo Calbes glaamdin U s oYL
558 &5l OV opl s K (gl J b (gl o laslne
slgnis SYUS Ole 5 [Y] 558 slgiis OT 51 g gl s
38 S35 6V G L VLGl ) g5 0l
S0 g 53 dlasl § 5 ol 3l oslizal 1,13 Olul 55 55l

4 ol O g s S gy G35 8l s J 5 ST

VDY 1l g
VENR/-0 106 K53k gyl
VEN Y by gyl

Ry H 1 lle £od

19 b e Jlail ddowi (o) g
23 &Il 899 (o (5T 8Ls
e JB g 0 SO
Slojy Sl 5k

(Jgumno 08k 95) 539 s Buroo
5 coliddlilj Ml olKing s wojlo aokige odSaiing s oybolzw]
vetr@iiees.ac.ir «ylul (s A owligo

T Ut
il odige 5 olidalilj Mol olingly sy ool
ol ol

a5 )b 9 dovdo -
A5 A el sl GLis| g 555 VR8T a5 55 T
7 s e SV 6 4y S8 o)l S sleeE
$5553 48 G sban ] s od S Glows 4y 0 g &
531880 518 VLl ¢ ol ol b5 g 55 I8
Spsmois Ll [V das 5 00 oS (3luobazsl
DLy sosls ) O 0 JL @308 g 535 ,5 S

Al 3T 5 o Slalllan 5 05 S Jibee |y iy S8

IATA)

VoY lls g o)l o> Jls



2 et 9 55 prliidoo

[*]Lﬁ"l’- ox‘:c[A—V]&lieMﬂcfli[Q] Lﬁ"l’- cjﬁdd.iﬁ
ijdbua_aaaubj[\Y—\']o:_!l_loMﬂoﬂbj
Ol ol Slidios oyl 8 8 515
Sy 5LaG s Sl Calen 6,80 sla g5 ST
oS v O sy O g 3l o GaOladl 1O s Jo1s
S e b Slg e a8 b by ol 51 SS 358 bl () g
Sheslinal (sl asls Gdss Ol 5 Cho YL ol >
(V) s 53 0T Sl (5145 503 457 Cal )L Vf\,;u_; Gy

Sl o 0als OLES

V] (26 w51503 Bo9 b e Jlail 1(Y) &

358 n oS s 30 5n SR 5 ml 53 48 (sles|
551305 5,5 L dlail ol G5 L il 51 oS 5

S o8 4 e JES L Sl s gy 2 S

Solgiiny il -Y
P PN P PN ST FCI V- SPRP I VES- W WS I
JLasl 5 6,8 Gys b Jlasl (oS543 G y9 b Jlas] g 4
22 Y S S (g a2 50 LS))TC“?' 4 ga3 &S 55> WFP
San |y Cnlin (6 s IS8 a0 ol 5 azils |y by s JUs
Wl ol 0313 0Las (1) K 5 Jlasl o 51 & g 55 .55
SLaGs iy 35 =S 5 L Ll nl s 15 e S

L gh oo Jitte O g 4 WFP s Jlasl 5 W51 505

V.Y uLMu)l) ©9d o)Lo..;') oD JL.:

Gl omoly 8L ol b 65,05 (gadmie ol | sl sl gds
032 0T (bl 2ol Uy (S gy (sla 5 L
S5 Gl 53 Jlail (6 S8 Sk 4 035 T
G 3l esliwl dile olaed] .3 15 piises 4o 5 5 40
it w3 ol 3 sl WS Gy s S
L odd O gl &K (S Gos b hes Jlal
s dlail ol ps [¥] cenl (S G Sl oS La
G e L 5558 ool Jeate O g 4 ol sbay
gl ol ol () US8) 3,8 o Sy e IS GG, baw g
It s Szl 3,5 oS Byl 5 (sbman Sl 25 555
e (el dadir Soyglaes 55 e 15l iomen 55 e
0T 33 e b am aan A8 o 3doen |y 0T s sls S
)JJ'_:JLAJ}_?-J_SJJL;}J_:J.M@K)KJAJ;C}J
Sl 53 Jlasl ol CuiS 35 o0 3,05 T 4 b domins
=2 oy3lie | 5 [FIICBO oL doms 3o Aile Calibes
D5 oL 3y5e 35 [B]LACO-TAP LulouT . Ol g

el 45 &

1¥] 365" Sladzs b Jlast 1)) b

S SLad 5 kst 3ol ol | S e
“—?‘J’"-’)}-‘g‘l—*}"du")};““-ﬁ‘f'l*’dl“:‘)-’(rf|ﬁ‘i-’)
SO 5w 3 o354y gy ol (3 8 5 Calibea e

l_rLgl_Ag)}:_ngjjjoJi‘w“QM‘L;Jj)Kr-\::)L;gLQJB-j

o5




- iy )b cod (JB g7 ape slagsiw 13 )L g 5 (298 (2T g b o Jlail (b o)

Plate-A v
Top \
IPE200
v
Plate-A /
Bott.
Conn. D+S (2)
Scale 1:10
Plate-A
Top | Gap
Tube Box 200 L
_ Zone B o
———
|
Section
Scale 1:10
Plate-E
Plate-D Plate-A
Bott. IPE200

Section a
Sclac 1:10 \_-_/

S22 9 SVl E19 L oo Dilrin Jlail g (251 (051805 B39 b JLait (U™ Bi9 b JLait 3 (o 5 (Slgidy JLai! :(F) b
Dgd 0 e Ogiw Ol 4 E 59 :DHS 2 090 0 fain 051508 sFy9 4 E §y9 DS 1 ol (WFP)

03 5 aals (3b 5 ol SS e o8 Ot J s S g
355 5 pn S o 3lom) (S O s e Sl
ST (LS GG ol 31 5 (B (55 Il s Ll
Lo 5 IS Gus b las| diles b (65,5 sl 0l b S
05t Ol L (65130 Gus 53 4 (D BLy) Ol 5l delaze slaG 5
L (D+S 1) (o813 sy 4 T 5l 50 Jize (B G55
JUSl 5 il b e SLs s oo Jate (DFS 2) § 2 Ol
g 4 Ol s Il Jows 53 25 S a3 550 51 60 52m
GILS SLadd,ys eSS o imman 5 Sl 0 (5,8 oo
b b S .l odd §dew Jlailaair (B 3D slais,s)

.muf@g‘\wwé”l{duﬂmu

AN

AN N .
‘w TB6x200 IT’late-A
| p—\
Plate-E VTPV IYPIRPITIN
N ' IPE200
i s e | Tt S
! i -
- ] ' : ;
|
i Plate-A
Y Bott.
vr\
_Com D)
Scale 1:10
Plate-A
Gaj
AN
Tube Box 200 ]
- —-i—-_ one o
! P
n'—/
|
Section A
Scale 1:10  \_-_/
Plate-E
Plate-D
IPE200

:::::

|
Section ﬁ
Sclae 1:10  \_~_/

4 (A G, b s YU (oS30 Sl s stk

B Jb 55, b WFP Jlasl diles 505 S8 o O 5 552
Jame LeT o ad £ s U5 asl sl Gl U 5 5
SU# Gy o e WEP Jlasl dilea (B i) L e
B3 0T Sl e Gl G5 B2 5 5 b B e SIS
Ll o6 Csu &) ot 45 S sla g b sl 0 4 S
Gos ol 310 g 4y (28135 (sLads s Jluail 55 . aesly
(1303 5 5 s ISl 65 2 5 o 4 8 oSS S
Jlal oS 5 b (GAP o) ol o oo & g L &
23 Sban 15 55 5 S a3l o plonil AEIS W15 e

Gz 455 51305 lacs s eSS 4y 5 0k 1l 0 s L

V.Y uL»ub ©9d o)Lo..;') oD JLu



T et 5 55 poolidorce
M,
— 2510 Y
XM,

_ , ey Mpe
30,5 Jeame S0 s Sty sl S e T M

= = M$ *
el 65 4 e (sla 5 xSy sla S e PEM,

Al et te O s (65 e (S35 Al S ) e S
33 Sy smen (69,5 Ol e & Llosls 0L [A] O, e 5 &S
Gosee Sy S SVl y3 .l fss Jlasl (g s IS
(il 0l a3l V/FPY 6554 53 5 0 /FPY 3 kS O g
ol s sl o sdalie JLaail 53 (g dsy IS8 o i
w8 L5 y5 /FAFy L /Py ol O 5w &) 5ome S350
Ot b Sl a o n (Sl VW/F O o plae b 555 0
0P b2t G GV A OSe So e S5
bl b 5oy alie gla,s 6 8 L 50 dals
s o AFF Ll Jlail ol 5 YU 53 alie (sLad 5w
Wl s I8 B 0325 6 IS0 L D 55 3 T e

.:}L&G&JPJ{BLPQB):

51808 slbFyg-Tr-v
o Lt Joma 53 0T 2,0 Jold (51305 G5 min
S 10T o, i 658 5 i35 Clsed 5 5 O 55
ST ail) SV 5 5 .Sl L3 b L] Joma B O g
L 5 piits 5 by (oS1305 35 Jlasl o8 (V0] Llsl
bad 8 g 5 b Bos bt o ad ) son 6355 i
Sl (sl odd oot ;5 Jb w56 dhos 55 & b 5
53 ool o 8 8 53 5 Jb Ll il 251303 B
2825 oh e ha) 53 & By el Lol ags
2 0ktle e Ol ie Vo Coen 53 0kd S e SU el
5 Cabs bl ol 3,8 o g oo Jlasl o1k
Sz (3 S bl 5w G Ul i Uk
Jlasl G5 slel 5o $Saadly Juaie S5 51 gy 8 4T o
gl on slam | O gt 53 oy 5030 Slasl S5l by

£ S AR 03,05k 23 5 2 ¥ wlas LIPE200 5 ol

V.Y uLMu)l) ©9d o)Lo..;') oD JL.:

Obo S-Y
¥ dgle Ly ST37 ¢ 55 Sl ealinl ) 5n 5Y 53
Ot ol 5 5 e pin Sl S A AS B=21EG
L gin ezt DB g5 5 e a0 S S Fy=YFe
9, F 0T ;S50 o ,e o 5 ailas .l ol a8 8 L ys
O s 3 IPE200 C}Jﬂjg.wh.wué}ﬂ\‘ho};w&&ﬂ
S sla fds g b silas ol 5 5 Tube Box b g 5l
26 5 LETO g 35 5800 g 55 VY] Lo ol Jles

Wl 0 OBl e e Sl 0 8 SLS PO

O g dwdid —1-Y
o Sl s el ok B 5 55 e e Y0 g
b ga O s e (LS Gloj ) Sl OT Cubiess
8 Jees SO V] Olat b e Ol 20 Ve Emn llas
Jb Caliess & Ly S S bl ol ollas ol 45 S

T e s 4 (V) alasly 51 K b 8 0 st

E
0.64 f— ")
Fy
ol o T n Cms a4 WWAY s 558 jlms 5ldas
s o e U I 5 0 g oSG o)l pms Jile Cales
Sl sl ol 53T oo S 4 /80 il e Sla YA
Ao e @l Yo ()l oo b Jbgodds) g (b
)l_>7-.s U}:—""./?nyb" objij)l_l(;;ddg;_.J ol 030>

355 gad JES

S i iz 5 VT
Ll g5 oo Lol s ol I Lo 20 OB (6l sl ) J 28
gﬁjﬁf@d@&@‘@j&»\%ﬁ-ﬂjﬂdﬂw
Ol o Ol 0 V0 Loea Vo= F--Y Uy 55 Hlae

1355 g0 el (V) daly) O 504

OA




e
)

it

. iy )b cod (JB g7 ape slagsiw 13 )L g 5 (298 (2T g b o Jlail (b o)

Lbg 6,505 Sline GlacS e e tlilas § L5 3 5
w3 8 b s [ W] 0K 5 Sl s VY] 0L 5 s
Canss plp SV 3bs By oo pole hash 53l odd
|5 el odd 3 8 55 55 5 3o Jlasl sl 03V 2,2
TSy ISR VI N o

i 0T Jlasl a1 (w8130 Gy owin alsly (e gor
5ol adlie 5o ol O 93 s &S 5 O L
Sy o a3 Y 4 F0 Slas ol i S VA] b JT
OLas () K8 53 a8 5 gboles .Sl ol a5 (5 5 IS
ST (sLays 4 1) ks G ol 55 ol 0 0305
ol 0k Ol 4o 5 FO

Sy pie) eVt Emn Ll b Gilan b b
= 69,5 Qs (gl Ol JUasl B yg e 53 & (Oles b o
e e Ve )y Culbe s (Jlasl b ey ol 5L
20 JKEE 5D laid,s Sl ol sl 6l 0T s
Y- - WAL P JOP T PSS W5

s Dlalllas plonil S 4 5ad (g3led DL 3
Lads g oy ijru(\)dj.x_?. 03 dleds Ol
o ol G gas HUST 53l ol 03, 5T 4o ) jbay
5 WEP Ll 5 (81,505 Jlasl s,LS 355 L Jas!
b alie SouSo Ll b dal s Lo 5 (5leds

el 0l 03, 5T (V) Jgdr 53 55 Wi gad | Soliadeiin

Yoo o e ediSTie laslgs 5o 5l g e e
Yo S Il B)s b o e mp S SV
AT e s g e e VO Sl Jlasl (35 Cles
S5 Bus e s Sahe Vo GB8 Bus oo e
el ol o Oladllan AT 5 55 555 g0 Cpun 20 ghao VY
ol o & by Cwbes el (YL s Ol e

G325 o ST Sladys Ll ¢ by s o
L i Jiasl Joomn 53 (VL G5 prlans 457555 0 (S
Son ke MO ol TEP200 JU Calins sl ol 5 U el
33 G5 e S ol sl sz e Ve OT 5
(") adasly 51 0T St cdil 2o oo Ve b 4 L] oo
T e Cws @

85x100 _ 1) 1 nm ™)

Ol s Yo lal,s Calbed s Bs) 5o b
LS 31 6,8 e (gl o s b e 45 S i ys e Jue VY
Y g 53 (ol 5L o LS (w81 305 Gy 53 (a5
,;)Qw|,>uuuftjsj£;};¢eslsowja.u: J s
Sl dal s & ALY PY
& glite Calises SYUis 53 W1 503 Gy Lo e Ol
Jlail 3 5 (61 it (sl eyl 51 (S 5ol a8 8 5o
Gos A oo V7] 0L 5 ksl Jie (sl sl 03

o+ O 58 g O & Il Jomn 3 1y (ST 3L

G 30 0 (w3 SBAg0S i(V) Jour

ol Juat g5 (o o) Ll B9 oo Jlait £g5 Sl el | osled
S8 G5 U8 G LICHUPL D[P NS+ (WS150s B D+S (1A) )\ 300
S8 G54 U8 G WY ool s YL NS+ (WS150s B D+S (1B) Y 4 pes

s 4 SIS B3 LA S+ 135 B D+S (2A) Y 4 g
Ot 4 IS B W oomb s YL S+ o5 3Ls B D+S (2B) ¥ & g
Oy 4 Ol B3 10 ol s ¥ YL 515363 G DIAPH (A) P
Ot 4 Ol 35 VYool s YL Y DIAPH (B) 5 4 g
Ot 4 LS G 0wl 5 ¥ YL G Sy SIDE (A) V4 sad
Ot 4 LS G Wooml s YL G Sy SIDE (B) A & ga3
Oy a3 Ol B3 0 ol ¥ YL S 2336 G5 L e Jlasl WFP 8 sa

Wl O g 513 (oS ) (S s By5 611> (646500 g5 %

AR

V.Y uLMu)l) ©9d o)LN;'} oD JLu



2 et 9 55 prliidoo

o315 JialS e Sl /YO U g Oojygloes 534S ol ol
gty Jlasl tmans Jule Sl (0) JS& 53 055 0
o520 S ml s € s VL as £ 5.l okd ol Ol
sl 0l 0303 OLES a5 a0 0T Jlasl 5 i s (g5lwd e
ROV URU IRy W5 DU o PP PYE BPRCIMA PRV
ol fate §giw 4 S 3 ,b 5l LS 5 Wyl

Jlesl 5 +/FPY oMUl & s (55 e 4L Jols 1S
—F S S b B S el 5 sl ) 3B gl
b ol (s e Eoale s a0 5 e plndl ST 0 580,
2 Ken slne 3,8 Oy o plE 4l 5 Saal o 5,180
OLSS 55 2 K slne L 0T gl 5 oks Ol gl el
J_:.lx”rl_?d ssLine Search J—bu@fﬂym.kw‘ 03y
|,L;,|;\§)l{,;¢l?u:ﬂ|;|gfd|.@|g.x,:nu_mduﬂ;
Jetee 1y 2 K 4 s B S o s ol oy ol
Lol ol ok OBl e Bl V (1L 8 jois Jolo S
S e ko oS (63150 55 457 sl ok 0305 sl s 4y Lt
sph b § k55 6 S S S o8 s o) Ken

2315 Jde Cons s ANSYS 5 5Y 3 ast 1o Lot pln
35 A 5m N5 ged Ll das o toles 1L alasd a
,;@|ﬁ|jtpjg;,|y3ﬂ);.x§6;u@ I Lol
b S 557 i3m0 55 (LU 155 Ll 45 Slnlows
4_a|:|je4_.iq_3}:sd_:l>dcd_hs'cjdd_aj|vj)}1ul}q
JB Lol s SHL L (5 psds en 5L Ll el oo
SlaOlall sdalin gl bl g 53 S 7l Sl
olizal i 3lp 5 55 Birth & Death pb 4 (5T 3 51 oty sl
7253 o sl oy D15 2T 3l S8 4l ek
SLaOLLl ¢ adetin jlne &G ol 5 gy 2|y ;rlf
SYslan 5115 LT p o 5 (B il 05,8 o 1 oy sl
23 15 or Coaglie (B AT S Sy g B
OTL blae Cunglin 5 plral 5355 0dd 4 gas 5155 15 500
3 pd ke 51 OIS edalin OISl pimman 1353 2 i

C,..::‘:Mb:— Jﬁj}é&‘o&d‘jj)l{bgsy}él{.jﬁ

Sibw S ¥
eV ot Sl laas go (o 8 5L () 1
N3l 5 3 5 oslinal s guomn (sl Sl 55le 5 S 51l
S V8] ol s giomn (6152 ks 15500 5 ¢SS ANSYS
] IS PRGN Y 1Y PO PR g - S S IV S A
Dy — V) (o g3 )Ly i 85 L Ol el Bl
3l 5 3Y y3 o e 5l (Spbsn L ol
Jhe 4y 5S4 ags ol 348 (e Jis s, S
(F) JS& 345 sl s g3 Bilinear Kinematic Hardening
33Y 5 S ol e S ake ol 0l 0013 OLES

IVl clons b 8 i jsET=0.002E i, pss s o

40,

G .4 277

_—1

Bilinear Kinematic Hardening _tas 95 (55U8 5 y18g03:(F) JCs
[YRJANSYS ,381p 5 58 Y48

Slamine GLaOLadl 51 G )5 5 05 i (Slwand ¢l

&5lwdds S okl ol .ol 0s o3lizel SHELL181
0,8 ;2 dS dano S Hlex shyls 5 ails |y $Saudly s,
Glwand gl Snlyls Sls 5 glralr 315T 42 )3 7
e L 53 i 5 b 48T ol ab S (sla i
C33 U Sl 0 i 03Lizal SOLIDAS Lol 51 5,15 8Lk
o o Jeol LT Caglin 5 (ew (5lude )3 (5 i
@l3Tam13¥ 0§ a a8 dabo S Cta (glyls Ll 5 oo OLI
1y &Sy 5Ly Ul g e 55 OLadl ol syls olorasls

i€ 5y me Sl ¥ S s Lokl sl S (gjleans

V.Y uLMu)l) ©9d o)Lo..;') oD JL.:

s.



- hoj HliS)b co JB o7 (xp0 slogsio )3 USG9 5 () (SHELS Gyg b oo Jlail (Llos () 0

DHS (olgii Ul 35 gz S § Sumde Joo S5 33 :(8) UK

g, =1 [%[(gl o) e -5 ) + (e -83)2D; *)

1+Vv'

& 5 Ol V GameO g dolae (ST 8, OT j5 &8

Aea Lol gl i S
_I— jL:!Trfg;ﬁjuﬁﬁ:Yjé(g)
1 AN AS14, 8 Sl
Coope
\4: S glae Y 5 ()
" A440; AHH-AST2
Lo
;? Ao A36 15 o S Y 55 (L)
by
V)
Ve
5w Y% YW
(Ao y9) 5,5
VY] Y98 5 - 8 5lages :(5) s
5

S Sl ed b 4B & L 55 sl S ol

53 5[V 5Y 55 (5L, s s (7)) JSKi 55 .l SCudly
ol b os)3T Jham ol L blis (25,8 olae (Y) Jde-
D5 S 3 ey SN 58 5 3 5d e el s il [YY Ol
Syl Y 0ds oS L g asl ialS Cuglie Aoy Yo
G b ol A 55 55 (Y) D 53 58 00 5T
SIS A3 ¥ 5Kk 5 ba ET0 5E60 lasy Sl sl 5
DLy 53 deea Yo (RS s b e (24l st ol
Sleog dalg G s oY allas ol d KL SCaudy
&S s oaliee Sl 5o Sl (S 255 ol oS T
By 1S Al 53 sl 3 slime 355 sloml 4 503
M 4 A s o 03 A bl e s Sl
A (F) ksl 5 e 5 Sy (5,5 25 e

:b}:@

VoY bl pgd 0jlous cpnd Sl




X et 5 5 puslBidace

e
)

ATV gz 2 b Bliae (87 286 X(Y) Jouer

35 PR Ao A3 Y Bl il 38 paled D y08 IR ] AWS sws b
s sla¥ 5 AdM AA/. | AMM AA/. | ASIM Y
(JKwb o) (ksi) (July 10) (ksi)
i " A £ iz Efry. Ef+\e
i " A £ iz Efr1\ E#+\\
W " A i iz EfYY Ef:\Y
W " A £ iz Efry Ef: Y
i " A £ iz EF1A E#+\A
i " A £ iz Ef14 E#+\4
i " A £ iz EfYY. E§: Y+
KPR Sl 0l o Sl 0l o T iz Efyyyd Eg:yyd
i g A £ iz EfYTY Ef: YV
W fe oA 4. v Efa\f EV:\¥f
i fe ) . v Ef410 EV+10
i fe oA . v Efa\# EV:\#
i feoe ) . v Ef\A EV:IA
Wwe feoe ) . v Efave EV:v¢
i fe oA 4. v Efary EV-YY
i feoe ) . v EfaYA EV: YA
i fe oA 4. v EF4fA EV:fA
Ye V-8 vy-ore Note Note f E¥4\AM EV+\AM

0315 QL 13l 5 53 0dd 4l (gmaw Juke (V) S5 )3

5o Jlesl (36 0% Lot S5 5 3T slgsl s ol o
A OT OLSG s = 5 5 s gad (ot 5o ol el
i€ Slbgjhe it 53 ol Al s i) 1wl ol
SlLaOldl Cods s o yn Y ST 55,8 J s Las

M‘@J?Q)yo-\.&%fﬁ

killed Elements (d disp=l, dz=25.9(cm), F2=2358.24756(kg), j=2, k=2)

L3Ry T sty Sly S50 ¥ (Jouis” 58 oo i(Y) S

VoY bl (g3 0jlous cpnd Jlo

Jae 2ol gwly -0
SLa o 5 Slslows plail (sl 1l 5 K 1 linl
el e ol ys ol OT plasT gmmly A3l kg
Dzt U J 5S35 s5tome sl ot b ot
Loly; 6SaS 4y 48 S feul (solans LIPE200 b5 5
TS Cor ot alis (laulee |6 C\La.a Ca gl
L JoelS” eSCaadly — sl 5 llaae 5L, 35 oo (o) 2
s 5 g fn Sl 8 S YNE6 diza¥l sote
R AS Y 0ds )l 45 5 jho peles Yl
Ll 2 ¥ 5 bl sl (5l o e e Sl
S sl S ol gl sladd L i L oSS
A5l slae S B ASS slads ol ot x0T O b
@‘-(HQ6“4-§JJ-§)W¢-€%—)>JHU¢-R)>

sl 0 Jlasl g a2 53 Ol glae §

4]




- iy )b cod (JB g7 ape slagsiw 13 )L g 5 (298 (2T g b o Jlail (b o)

Sler Slas buws U L5 .Gl odd ol Joke 5 L5 L]
sl &K O o Ll ot (Sluas (5
ol s YU Lol ot Jlasl 5 515T slgsl as o gl b5
el ot a3 8 aie oSS 5 sleml 5 a0 e
Sty G5 S U s A i 35 S ghiles
3 iy Sy (5,545 g0kl Gl a0 3
a3 5 &, 40 Birth & Death ¢SS5 L &l Aoy ¥r
0313 1,3 0.4PY (5 youn 5 Cod O 52w il e a3 .l
s en dleel 5 slgml 53 013 gloraler e 5 0l

SLAOLA Jome 5 bty 55,5 055 () S5 o
0305 OL& _ow rlf AT 53 DS cladie 53 ol (ol
2 saabsNs S s Ladde S s il edd
D+S (1A) Jd—s 5 . tleds ol Slas 55 8 lo,ls
33 Sl 0 slw | Jlas| S8 5 Sl o Szudly Juais
35 db e,y el i 8 g s oW 4l e !
Cd g Sl 0l Coglin Iy 4 zeie g 0315 &) 43 Ol
s 0513 0L 0L L (1) IS 53 ol o 3 slaolel
gle dis ol s S0 L,y 3L Culies .l
OT sl 53 Soylust 5o O g 4 Il Jous (S s
! e.x.w;f,:.a

syl Jlasl s (6 ,5¢S 56 sla, s < DS (1B) ke s
SLaG s sl i Joee sl 53 KDy la 25 S js
2> O iy (oS 1,305 sLadd s Jlail Jowe 57 5 Il
Jaie Joe a8 us Eol Lol Cubbe s 2alS 555
SOl oo 305 it i (35 4y ESKdly
e 33 Ll 35 5 s s gl Jald s s
0335 gm0 gt (Vo) K8 )3l pl oSl Jome
Ol IS ek 5 s 5 b DY) il sl S
Wl 0l 0305 i led dtes Jast b ad gl s sl 0 0315
Sl ods el WS35 slays Culis ialS
O s S 4 2By Jmde a3 5 5 (S ket fous
A5 oS -

Y

el ok s 55 OIS 5 — 5 3 505 (A) S

e® Sl swd Ol 03 gdms (G5l i Ol 10
Sl b blae K oMy) b sl 0 65l b blas I
5ok dnloee OY) My L bLia 01555 5 (Mp) abde JS" 05
L 5 308 oo abooDe ammilr .l ol adein Hl5 505 )3
Gt 5 03,5 O )l 4 p 5,5 By 055 53 My 4 Ok
4 g oty MP Cilems 40 OT Sl g bl g0 28 st
SLa3 U S o ol s o el o (G b S ks
Ll (Ll CenSls g ods S8 e Lol sl
Mp s . dl o aslsl (0l gad 53 Conglin 2alS alei)
o dd dculoes Hldde I iy oS ANSYS L g o dculoes
LSS Jome 13 (gubmns (sl 25 5, 0T s .l s
s Canglae O alb 4 2eie &S Sl 3 gdoee (gl ] ke
VIO g 5 Sk JSE 2 il el 35 o

Ll ool s 4

(ANSYS) o & Jolowi ——

Mp- - -

~

YR e A Y Y R
0=A/L

Julos gl b O dwlio g IPE200 15 031598 — ;38 yl0ges (A) Kb
'55:“"3

Sl s -F
godd Jdow dledls 3 ae (V) Jgdr j3 &S glade
slgio adis sl Jbe Jlgr ol ok et 1T s
G Lsladin U gl s S s G ol )3 0
Juzsl 5 (DIAPH) >, 51305 G5 L «SIDE) (g,

Ol 5 YL 53 Lad siw i) Canal .l 0l ay Lis WEP

V.Y uLMu)l) ©9d o)Lo..;') oD JLu




6 et 5 5y bt -~

B

D+S (1A) D+S (1B)
D+S (2A) DS (2B)

ol 0 adeie O b ooy Sel GBI oo DHS (Gl Jo 5 eidly 557 @398 H(A) JKb

-

D+S (1A) D+S (1B)

-

D+S 2A) D+S (2B)

DHS (S Joo 33 G105k 3 o 9 b5 b 8 S i 11 +) U

VoY s pgd o)lod o> Jlo 7Y




Caglie a5 Cowlodd Ceb A sladis iy Culbes
b 2SS e AL B ladie 1 2 sl
S s, Jlail o o 55 gl .ol DHS (1A) Jlas
a0 LS Gos 4N (slade .l 035,18 5T sl 5
Ale3 ;7 fao 1 (6 ey JSKb s el 0k ooy 1S 3L
Ll;dgb'c_wgdj_-ﬁDJrS (1A) e b g5 opl Ol 5
il Sy Jrnhe B o 5 5 S el
S5 53 By s Oylus gods Jds 4 bde ple ol
S 2RSS Ll 55 O (S35 53 g S O g
S el 1y (6 i

a1 god ¢ slize (635 55 LDHS (lad g a o 51
5 (00 USCe U 3olas 01 50 O3 55 gl m K3 —0ly 9
Sy 638 slme S5 Sl eslinel s 58 oo A s 5 o 5
Sl 5 Oy SIS a9 53 ot 2 51, g aedS
sl (DS 3L3 S8

Wl JLast IS 0y 53— ST Jola M-0 b 4513 505 o
A abi Jp 5 sl 3Pz 55,5 5 A6 ST LM S
5 el plrals Cas o0 i .Sl (OF) IS ollas

sl st S8 ey 516 s 33 13 505 cpl . Cwl AB b

hoj HliS)b co JB o7 (xp0 slogsio )3 USG9 5 () (SHELS Gyg b oo Jlail (Llos () 0

oS Sl ml L ol TA Jus 4l DS (2A) Jus
Alods hate O g Ol 4 081305 (sl LS (51,
sl 55 Lol ol 5 ¢SCawdl Gla 2S5 a3 dde opl 53
0355 g ods 5 b s T 4 Juate 6baG )5 ¢ o s e 5
4315 i Jomn 53 Sty St S w5 DHS (2B) o
Lo sd o o3 65U 5 Ol (saidis 5 o513k slaid,s
Ol G55 538 o (oS 1 L3 S5 b 2alS
Laoball ot oSty [l 5 Hlas 5ol j2in (S)US
23 (51305 SLad s ausly ek Joome )3 03Ol
lowl Joen G55 Cunlind 0 oSTL 53 e 0l 5o i s o
O JS8) Gl 03,57 &S o O g S 40 5
KoaSS LDHS Jae gz Oy as— K Sl s (1)) UK o
My = Fy.S sla K 13 503 pad 53 Sl 00 4y lin
& 5 &S 53 sl 5IPE200 ;3 Mu=Fu.Z ;Mp =Fy.Z
et ol 15 S ok 5 BB b s D oy
50l el odaT s w55 b 53 55 55T slgsl g5 0
A les Ohsst 5 b 3T Gl gl sl s
OLsaly 5 0o badoml g .l odeT s 4 L] s

Al

— . — My-IPE200
D+S(1A)

——D+S (1B)

- = = Mu-IPE200
D+S(2B)

Mp-IPE200
—-D+S (2A)

&

(f".A)J US)PL

N

/)

AL
0=A/L

Al AL YAy

DHS sl Joao 01598 — 5T 518905 duglio :(V 1) b

)

V.Y uLMu)l) ©9d o)Lo..;') oD JLu



2 et 9 55 prliidoo

Llod g_,._r'fr.? th')l.«.“jo.ub Q)L..:'- )lq:-b
3348 La s Ll gles cla S i 53 dliaws o
Vfr_a)l_a E PO ol s 58 Ll ol 0l QLS (\O)Jg..':'
CS 5 Sl Jon o 4 e )y Zalind 03 8

RO PRV JCCIVOMPTRC S, F W

— M-0 —M-O1 \
q D+S (1A)
A
v
= ¢
’{) o
) ¥
AR
Sy
3
' 70 7 N0 7Y Y0
(QEJ\))G
" D+S (1B)
v
9
=
T‘) [}
a f
PR
3
|
i /00 ) N0 /Y
([)LLJ\))G
X D+S (2A)
A
v
z 5
Hoo
5O¥
\} ¥
Y
3
" A Nl 10 Y
([)LLJ\))G
v D+S (2B)
9
= 0
R
3y
Sy
3
Y R b A N Y
([)l{J\))e

DHS sl Jo 35 M-8 9 M-0; s 513905 duglio :(11) <&

0190 0190 dwslao :(VY) b

PRI Jooe Gt i3 (Sl 45 Sl M0 53 s gl
):915w|J§ML~AMqJﬂ'.¢M|e&w;i§:&)@:
Sy Jris &7 5 5053 Ll 0 033 0La5 (V) S
G M-01 s M0 (glayls a5 das 55 052 4y 5 Jlasl Jome 53
shesl 52 Sy 8 8N el e e oS0035 KuSS
S st 5 16 sl M-6 s s cas &5 JLail (slaG 5
& (V) IS 55 bl gas ol o Cidils dal g M-0) 13 5e5 4
Lloks awlie KU LDHS Jlasl e

S35 A Gladde 53 545 e 0dus bayls gad 4S5 bolen
ol el @Bl M0 4 S (5208 5l (5551 I M-,
Gl 53 551 Wl 31 (S 55 doys oS das s OLES s
S S EWT O 5w 1 53 5 Sl osls &5 Jlasl b
b Dl 5 b Gillae Jlasl s Shas 5k & ol S
S 4 M-0 s M-0; e 5B (sladus j5 bol¢Cl o5y
23 G5 ST (K5 e (S0l 4 s 65
S plhe (b Colaal b oS losls 55 0T 4 6055 0 e
35 5 Jlal dndir aob ) eyl Ll 5 ol 0§ el azils
g e

Gladie 53 Sy sla 5, S @5,:<\\°)J§_;z,;
SLad,s Culds 45 A Jue 53 .Sl sl 0315 OLis DIAPH
St S50 (sl > Saadly e (ool 2y Lt
23 el s Calonls ) e opl 5o b gl 5 S a3 5 0kl
3 L gd oo odalia 5 Ol 5 b Gus 5 651 3L3 Gos e b
bl S Jlasl g,y Cwls B e

51303 Gus Sidm ol 52 leds S jaze 05 4 U]

V.Y uLMu)l) ©9d o)LN;'} oD JL.:

55



~ hoj HliS)b co JB o7 (xp0 slogsio )3 USG9 5 () (SHELS Gyg b oo Jlail (Llos () 0

4

\

DIAPH (A) DIAPH (B)

ol 0 o O b ous ST (SO Joeo DIAPH (sl oo 30 it (i 57 @398 (1 F) U

DIAPH (A) DIAPH (B)

ol 0 Sl fade Jomo gl & e B9 cwbid sl DIAPH (b Jow 53 (il (ol 30 By Kb i 2(18) S5

—+— My-IPE200 = ===me-- Mp-IPE200 - === Mu-IPE200
..... DIAPH(A) -----DIAPH(B)
v -
q ...'..'..-...".Il.".!.lll.l.l...
A et oo
Vi |
1l sla - M
— i
Q—: o El’"
Jo T S S d_._ d__ I
S 2t
A
v
Y
\
. VAN /N LVATA /Y +/Y0 Y /Y0

6=A/L

DIAPH (sl o 03585 — 50 513905 duslio :(15) J&

b gl 5 5 el 4 i (0 st Caas &1 Juite &S > B JLas W;du:&,;wmb,;,fdéwg,uf.s(\f)di.z,;
Il ol s s hlan 45 508 o O gt Sopaboms 55> Caalis W51 3005 Lo oS olKin ol 0k aglie

sl ol Ol 3 Sl sl s Shee B gy s Sl odd i Jlasl Cuglie 5 (6 2 S8 cisls (5 2

sy VeV sl pgd o)lod (o> Jl




6 et 5 5y bt -~

Joee s 5 5 JU 53 bl SIDE (A) Jds s cladass 53 ¢Sty L;uuu;@;,,s(wug.z,;

SIDE (B) Juis 5 Lal sl osls &5 LaGys 4 JL il Jome Jgl s a2 53 .ol 04 0313 0Lis WEP 4 SIDE
S e Jlail (slass sl 3 5 Ol 5 b s bosbs sy 15 6, Jlwasl sladd 5 LG s eSiadly Jaie
Ol 5 JbelaGys rar 5o ol & WEP e js .clodd (sla 35,57 5 1 55 SIDE (sladis 55 b cnl L s o0

el oks S pane Il B Wl 03 5 el DL Ot 0 Il e 3 (a5 by Sty

WEFP ;5 SIDE &¥lasl il i ,ui OA) S 55 e ey e 4355 s o gues OT (g insabais oS

Ll Lo ys slgsl 53 Jurie Joes .Gl ot o3y Jioled  &SCaadly gla 25 S OLEIE S G, cwulbes s

S U O BRI S TRYC L i T IF & IUABE
el dos

\

SIDE (A)

SIDE (A)

SIDE (B)

X

WFP
Jow WFP 5 SIDE (sls Joto 58 ety 557 @395 1(1Y) JCb
o b (5180 10 (sl o Laseie 1Ky b oy ST SOk
WFP 5 SIDE (sla oo il (5l 38 b 5 K i (1) JSC B o Ol (5 Ogh 38 Sty Sl i Jowe

WFP

VoY sl g3 o)lod qoid Jlo SA




DLy w53 L ol o a5 gl 0 s ST
!
DIAPH (A) JLast D+ (14) Jusl s Tens s
>55 glaesl 5l or Ol 53 55 LG 5 SIDE (A) L
53 ot (53l t SV 1 e dlin (51, bzl

WEP JLasl 5 VLl ol Ol g5 — K Hls s (Y0) IS5

hoj HliS)b co JB o7 (xp0 slogsio )3 USG9 5 () (SHELS Gyg b oo Jlail (Llos () 0

Il i ol 01535 — S ey Jla s (V) JSCi )

Lags s 45" o&es SIDE JLai! 55 .ol 0l aglin 5 o 5
=S Lzl Caslie 5 (6 s IS (Ul (6 i Culie
abaii Ss5 U Laylsges JSKo s ol bl ol i
Ladh s Cabinss 53 il o iy ol OLSG b5 15

Ll 15 gas oSl 4zl Sl 5, Shas (655 Gl ]

Ll o dd e 5 A e 0Lz WEP JLast i sai U (5L 5 als SIDE
——My-IPE200 - Mp-IPE200 - - - - Mu-IPE200
—o-—SIDE (A) ——SIDE (B) —— WFP
q

£

—
=
3
n
X
Aoy
Y
3
L
" ‘X oY ‘¥
0=A/L
WFP Jua 3 SIDE (sl Joe 31395 — K3 518909 duglio :(14) <
— — My-IPE200 - Mp-IPE200 - - - - Mu-IPE200
— D+S(1A)  s++sDIAPH(A) —o-SIDE(A) WEP
'
9,
[}
—
=
3
. | SO FUUPRSIURY UV SO
AR
A
"
Y
3
" " oY ¥
0=A/L

WFP 5 SIDE (A) DIAPH (A) D+S (1A) (b Joo 03398 — <3 515905 duslio (Y +) 5

54

V.Y uLMu)l) ©9d o)Lo..;') oD JLu



2 et 9 55 prliidoo

&l g JU Loy s UL i l5 505 (YY) S5 o
e Ll 08 o ol & 0 s 5 e gladute
(s Job s X jgome Cgr 3B abiian s A 4 bl
R ST Y PR - YO PR TR
6T 51 gl (o8 35 el b3y 0 0 e b s OISCs 8
e S A o e | Jb O i o ey WEP L]
S A3 (55 Sl DFS Sl 4y by o O L 0
3 ot 6 &8 e 5 Sl 1S 3ls S (slas s 155
23 Gt GLa A5 55 el i 5 ol el 8 K 5
Ll o S (o3lgiiy LS 53 O g 4,5 Sl oo

il sl ol 5o 4y HLS 4 gl 05 (F) Jser o
RS L s e 05T G5 5 5 033 03,5 A 53 sl
2 s s DIAPH (A) JLail oy 58 .l 0l dins o
r,?,_gsrv 2l 558 olgiy Jlasl Wl SIDE (A) Juss!
Ll 43 515 g oSSl 55 4S5l

2y
&%ﬁ

—

WEFP ;5 SIDE Jlas! 555 oo ala=Sa (Y+) [ )5 amli
Ll )15 (6 s IS8 5 Canslie Dl 4 alie (g5 Shes
38 eS 6 IS8 Ll azils SLSS o slas DS (olgiin
DIAPH JLasl 4 b g o Conglie o més .Sl osls OLid 5 -
el WFP 4 &S5 5 dlasl ol (6 s JSKs o

Ll aaiar Oly93— b 655 o3 5as (YY) i 4o
4.slie WFP 5 SIDE (A) (DIAPH (A) D+S (1A) Jue e
& Jlatl Joun 53 5 S s 51 Il dntir 5y sl 0k
,:;:J.;Lé;ﬂdlﬁa:l%:ﬁ.o\),;.@umT@;A{J;Cu;ﬂ
OT o 5 Jlal (G55 515 53 O Ol ol 5 Vb O
A DS (ool sl . Coal ol aales 15 5l
Iy Jlal andr K& ok o S SIDE (6,8 G5 L Jlas!
(315 DIAPH s WFP JLail 5 56 T 1 g ool sl
J S s Cenl andl g ool Jlasl s 5 opl 4 Llodds

APPSR COR{ G (W55 DV PR VR POl L

|—D+S(1A)  --+-DIAPH (A)

—o - SIDE (A) —— WEP |

0
RS
¥
YD

A

Vpz

Y0 2
Y A
A0 e

A\ g

N

o/

Y ey AR

Opz

WFP 5 SIDE (A) DIAPH (A) D+S (1A) (b Joto 35 Jlal dodr by Mo i — b 310905 dulio (YY) S5

SOV 359 duglin :(Y) g
(P 039 | (Sohwo) JLal )3 cmle Juait sddsg Sl pb
Yoy Veob 0 Gl 5 ¥ YL Ol Byt S 3Ls Gy DIAPH (A)
Yo RCSA AP SRR O B3t 253 6,V Gos b o Jlas] WEP
/) V6t 0 ol o YL S+ WS35 Gys D+S (1A)
Fe/f Vo oUS A0 el s ¥ YL LS Gy SIDE (A)

V.Y uLMu)l) ©9d o)LN;'} oD JL.:




hoj HliS)b co JB o7 (xp0 slogsio )3 USG9 5 () (SHELS Gyg b oo Jlail (Llos () 0

|—D+S(1A)  +++-DIAPH(A) —o--SIDE(A) —— WEP |
F

RS Cieeeeeeeetey

. oo".... ;
./.‘u A en®
0o’
o'..
BT =

~
—

~
—

(o BL) 0 g Jb (g OIS0 i

~
—
[ >4

LA L X T . ®eeg

WFP 3 SIDE (A) DIAPH (A) D+S (1A) Sl o 35 Orgins Jb o 0oy 513505 duglio 1Y) UK

DIAPH Jlasl 4 Glate Conglan op it Jl= cpl bl alie
635, L SIDE 3 (D+S) (galginy Juasl 33 OT 31 s .l
Ll 515 OLSS eglis

D+S (1A) DIAPH (A) SIDE (A) 36 e

Mu jiws e glae

- = 1€t o © < > o -

DIAPH (A) D+S (1A) JLaif gy ceoglio g 3lio dug o }(VF) &
.WFP 3 SIDE (A)

5y 50 sl Hlea 6 K8 s (1) st Hlased o
S YL@l (6 i S ol e 5 0 (=S 0
LI Bl Olys 4 S Canglia L ble D553 o
R 3 gt g 0y 3 dopilin Dl ol | Bl DAL ()l
JLasl .oul SIDE s WFP VLl a ez (60 1 IS
b g S o a8 ok )y SVt Ole )3 (ool

.an‘)‘b

5 Caslie 5 e palie (Y0) L5 (YY) cla S 55

53 Mileds alie SuSs L s Jlail e sy S

e F S Dot Sl pa g p3lae (YY) S

S e sl o e el (5l el o

Jlail > 5 oo ademDle dmmiliar Ll 0l 2l Sl O 52

3 DIAPH 51 ey g5 Ll 3 e bl 4 (o5lginy
el 4 S

D+S (1A) DIAPH (A) SIDE (A) 620 e

< t t © v < >

—

DHS (1A) JLai! gy miod e 8L doulio :(YF) 5
\WFP §SIDE (A) DIAPH (A)

Aleded amlin VLS Cnglie s slie (V) JSKa 5o
i 5 13 sad 55 48T el (6 KT S T (uaglie S e

&Lﬂ DL C)YL.,G}" g:,_l.G‘ u&'ﬁjlfu 03y C,.w‘ ol o-\.lb Q&a

VoY bl pgd 0jlous cpnd Sl

A



X et 5 5 puslBidace

LaS S0l ssdome | 5T U slad s oSS
JLsl 33 ;8 .l 03,57 Cows 4 SIDE Jlast 1 ol
Jlasl anir o5 p b JKo i Wlawsl 5 DS 5 SIDE
Al J 287 ey

a6 U Sl 0 s b (oo O i gl =
Ol 55 yldis oy 2a8) Sl 0T 2alS 53 (golgity Jlas!
O 5w o s Jlaal ol whad b &7 (glams (L S ler
o Ol JLail G5 o 4z 5 JL JLasl sl s o 4
GoLS G L Il 51 aS 6l S5 s Sl ool s
el okl Ll

SoLS G5 L dlasl das oo OLis OVl 559 awslas -
okt JLasl ol L tcmul DHS Jlas! 3l 5 5w
(LS s b sl sy jo (o 11 L el il 5
AL 4l OT & S (6 2057 039

IS 5 Sl 4l (LS Gos b Il ST 55 b -
Jos DFS 1 2 s IS5 5 Jlail acir JSC o
sla 55,8 55,051 0T O 5 DS Jlas! el cls”
el 0387 (6,8 gl O g 0 Uil Joun 55 Sy

33 SN gla 2,8 S a5 ealgio SVl ys -
b 5 g Sl osls &5 45 L OT G ,ys 5 Jlas! 05 gdoes
ol ol sl ¢Sl 03 gdoes 53 Lad st 3
Wl 0kis Ml O gt (650 e 5
S 5 L golgry Jlasl S8 Ol sl mer Ol siee

s S5 i Sl 4 5 e S VLl sl (S

e e e s R

sl 53 Sty sla 1,8 Cds  Jlail Coaglis

51303 G5 L Jlal aslen s ol b oS S 0 2

a2l g5 5 S dlail sy IS

G5 L Jlasl s WEP T

&y
1. Sage (1995) 1994 Northridge, CA, Earthquake,
Volume 1, 1995. Earthquake Spectra, 11(S2).

VoY bl (g3 0jlous cpnd Jlo

Ou/0y ‘_;jiu'\.;‘)i.i

—

Yo
Y.
0
b I

D+S (1A) DIAPH (A) SIDE (A) 6,20 e

DIAPH D+S (1A) JUa! gy (6.0 S 5 3lis dug G 2(YD) sloged
WFP 4 SIDE (A) (A)

& 5 domi ¥
JLas) WEP JLail g 5w oS 5 b s gnm allin (pl 5
S Gus b dlal g m 5 5 6V Bos b b o
53 (DIAPH) £, 513U Gy L JLwsl 5 (SIDE)
Aol 457 5 5d gty bl JLail (I 5 e A0
Jiasl sl LT (o)l 5 sl sl (S5 5l (oo
L OVl ol 51 (glas samen .ol 0kd 0 duali DHS (g5lgiiy
s3b 5 65ledde ANSYS s gutoms gl 153l 5 51 eslizal
wwybﬁj@w.xﬁyﬁ@b,gw&ﬁb
1wl ol rbﬁil
S g SLaB s 51 015 e (3l Ll S o -
WEP sy late Jlasl o8 (ol 855k 5 o 02 515
SLad st 53 OT leslinul Cd 5 ol 4 .Sl OT W36
5 2Ol O (Ko 0 035 T 03 Js 5
el AT,
25 VLl e 4 o (3l Il (g S5 -
el as S OT Canslie Lol Cosl 4l 2alS” Ao s F
ol S5 0sm e Cuglin il ).l 2i WEP
Sy =S50 Glad,s < ! DIAPH Jlast jl ods
o WS el Culbs talS ol ws £ 0T
Db g e Jladl Caglie 5 6 pds JSo 2alS
daar (o p DS s Gl sl 5 0l Sl -
o 5 Ll J =8 DIAPH 5 WFP Jlas! 1 i |y Jlas!

\4)




J..
)

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

\Al

}C“f

Association of German Steel Manufacturers
(1995). Profiles of Steel Building. Nasser Nassehi
(Trans.), Science and Technology Publications,
110, 1374 (in Persian).

Ministry of Roads and Urban Development,
Deputy for Building and Construction (2013).
Topic 10 of the National Building Regulations -
Design and Excecution of Steel Buildings, 1392 (in
Persian).

Alostaz, Y.M. and Schneider, S.P. (1996)
Analytical behavior of connections to concrete-
filled steel tubes. Journal of Constructional Steel

Research, 40(2), 95-127.

Schneider, S.P., Kramer, D.R., and Sarkkinen, D.L.
(2004) The design and construction of concrete-
filled steel tube column frames. Proceedings of the
13" World Conference on Earthquake Engineering
(I13WCEE), Vancouver, B.C., Canada, Paper No.
252.

Wang, W.D., Han, L.H.,, and Uy, B. (2008)
Experimental behaviour of steel reduced beam
section to concrete-filled circular hollow section
column connections. Journal of Constructional
Steel Research, 64(5), 493-504.

S.P. Y.M. (1998)
Experimental behavior of connections to concrete-

Schneider, and Alostaz,
filled steel tubes. Journal of Constructional Steel
Research, 45(3), 321-352.

ANSYS, Inc. Products Release 17.0.

Sadowski, A.J., Rotter, J.M., Stafford, P.J., Reinke,
T., and Ummenhofer, T. (2017) On the gradient of
the yield plateau in structural carbon steels.

Journal of Constructional Steel Research, 130,
120-130.

Shapur Tahouni (2014). Design of Steel Structures,
Dehkhoda, 1393 (in Persian). Specification for
Carbon Steel Electrodes for Shielded Metal Arc
Welding, AWS, An American National Standard,
A5.1/A5.1M:2012.

Specification for Carbon Steel Electrodes for
Shielded Metal Arc Welding, AWS, An American
National Standard, A5.1/A5.1M:2012.

Deputy Director of Technical and Development
of Technical Criteria (2006). Steel Connections
Code, Journal No. 264, Third Edition, 1385 (in
Persian).

2.

10.

11.

12.

hoj HliS)b co JB o7 (xp0 slogsio )3 USG9 5 () (SHELS Gyg b oo Jlail (Llos () 0

FEMA (2000) FEMA-350-Recommended Seismic
Design Criteria for New Steel Moment-Frame
Buildings, Federal Emergency Management Agency.

. Houghton, D.L. (1998) The sideplate moment

connection: a design breakthrough eliminating
recognized vulnerabilities in steel moment frame
connections. Proceedings of the 2" World Conf. on

Steel Construction, San Sebastian, Spain.

. ICBO (1988, 1991, and 1997) Uniform Building

Code, Indicated Edition. International Conference
of Building Officials, Whittier, California.

LACOTAP (Los Angeles County Technical
Advisory Panel) (1997) SMRF Bulletin No. 3, Steel
Moment Resisting Frame (SMRF) Connection
Systems.

Han, Q.H., Liu, M.J,, Ly, Y., and Zhao, S.S. (2016)
Experimental and simulation study on seismic
behavior of beam-column joints with cast steel
stiffener. Journal of Structural Engineering, 142(7),
04016030.

Park, J.W., Kang, S.M., and Yang, S.C. (2005)
Experimental studies of wide flange beam to square
concrete-filled tube column joints with stiffening

plates around the column. Journal of Structural
Engineering, 131(12), 1866-1876.

Yang, C., Yang, J.F.,, Su, M.Z, and Liu, C.Z.
(2016) Numerical study on seismic behaviours of
ConXL biaxial moment connection. Journal of
Constructional Steel Research, 121, 185-201.

Wang, W., Chen, Y., Li, W., and Leon, R.T. (2011)
Bidirectional seismic performance of steel beam to
circular tubular column connections with outer
diaphragm. Earthquake Engineering and Structural
Dynamics, 40(10), 1063-1081.

Alostaz, Y.M., & Schneider, S.P. (1996) Analytical
behavior of connections to concrete-filled steel

tubes. Journal of Constructional Steel Research,
40(2), 95-127.

Azizinamini, A. and Schneider, S.P. (2004)
Moment connections to circular concrete-filled
steel tube columns. Journal of Structural

Engineering, 130(2), 213-222.

Chiew, S.P., Lie, S.T., and Dai, C.W. (2001)
I-beam to CFT
of Structural

Moment resistance of steel

column connections. Journal
Engineering, 127(10), 1164-1172.

VoY bl pgd 0jlous cpnd Sl




2 et 9 55 prliidoo

YF]YEF ol a i (oY 58 VLSl asl 5T ollas
P B 5 sl s Sy Sl s se dob o
Osoel 25 glnd impen 35k 0 8,5 5 53 \/Y Ll 50
ol 355 e BUsd /Pl s Ikl en U Gyllas

s el s 5l Co By s 8Y o
KL

— =457
T

0 S S NE o (65188 S (25 olel )
A NV gl b Gillae) LT o s 45 0 20 S
dals ol b e 6 e b LS Lo By S ee L3 b
{IN )
P, =14.9x1.2x2166 =38.7 ton
‘jJJA_IJl_A|JJ_b)'|:)|jL;5J_:JJ_<L>JJ_b):
O gyl S 53 0T Cols o, Jools 1 oS30
2 g gt il

=T7x1.2x2400 = 20.2 ton << 38.7

connection
A o Zaglis s kalS 12 SISl b 93 8 )3
Gy laS aS s e Ol B gd s Lo .l 0l
S et s Sl Cnslie 55 Gl b WS35

.¢M|FMJJ{B Sglie Ll b sbd,y sl

V.Y uLMu)l) ©9d o)LN;'} oD JL.:

e
)

O L5 o™ wyp—) Cawgw
Wl 25 A 4 O s (s Olali
A=734cm’
, =1, =7.69 cm
k=2

kL =78.0
T

L s dal o ol (5L Slome 25 HlMae bl
(V] Jslir b Gilke)
F, =1787 kg/cm®
Fy )lid 25 ool 5 Jda 53 O s 4y 0l 35 (6 oen UL
e ol ol o fin s p B AS A5l ol o /F
S Al eSSBS Sl (lakede LB sbe
W (oS il > oo 5 = b G5 55 IS 23S

51503 SS9 (g0 les J 5T Cuvgny
Gos 2 S50 6l oS30 i,y LS dlies
RV (- - g GRERE W V) SRCOLES-))
Golid b J b . ul odd onls Olis W8 3L 55 O
il ol STus 5 e ol e Sl VY Sl Ol
S5 5 sl Sy Conl Sl b 4 5Lt 6L
3phen ad 8 a5 55 5l dleel v Sl ar 55 Y asls b sens

ey oo o Sl YA & O gty 5 534S

YV

T B8 b (1) UK
(22.847)/2=14.9 cm

tplae = 1.2 cm

Y¥




e
)

Analytical Assessment of Rigid Connection with External Diaphragm Plate
and Side Plate in Hollow Box Columns through Seismic Loading
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The huge number of failures and collapsed structures in the 1994 Northridge earthquake is always referred to as
a turning point in the design of moment-resisting connections because it influenced the design of this type of beam-
to-column connections. The occurrence of brittle failures in the welding of the joints, which led to the rupture of the
connection plate, beam or column flanges, was one of the major damages that occurred in this type of connection in
the mentioned enormous ground motion. After the Northridge earthquake, the attitude of researchers about
designing moment-resisting connections completely changed. Many researchers tried to propose novel methods and
ideas to improve the performance of rigid beam-to-column connections. Some of these methods are focused on
different areas of the connections such as preventing the creation of three-dimensional stresses at the location of
beam-to-column connection, reducing the shear deformation of the panel zone of connections, and removing the
double or continuing plates of them. Furthermore, the proper seismic performance of each method was assessed
based on numerous experimental and analytical studies. One of the most applicable rigid connections that we can
refer to in this case is the connection with Welded Flange Plates (WFP). This connection is designed in such a way
that the plastic hinge occurs at the end of the connecting plates. This type of connection is often used with hollow
box columns. In this connection, due to the creation of concentrated forces in the column, which are created in the
alignment of the connection plates, the flange or the web of the column may be damaged. For this reason,
connection plates are used inside the column (continuing plates), which are generally installed by going through
multiple steps and making additional cuts in the column. On the other hand, the occurrence of significant shear
forces in the panel zone of connection may cause damage to it and require the implementation of double plates. The
implementation of these types of steel plates can also cause difficulties in implementing the whole connection. For
this reason, finding a solution that makes the implementation of rigid connections with welded flange plates
unnecessary from continuing plates or double plates can be an important solution to facilitate the implementation of
such connections. Rigid connections such as connection with the side plate and connection with the diaphragm plate
(external stiffener) are options that have provided modifications to remove the connection continuing and double
plates. The side plates prevent three-dimensional stresses and assist in strengthening the panel zone of connection.
On the other hand, by removing the connection plates and preventing the discontinuity of the column, the diaphragm
plate makes the panel zone stiffer and improves its seismic performance. In this article, a novel idea for rigid
connection is proposed, which is a combination of connection with side plate, connection with diaphragm plate and
rigid connection with welded flange plates, prequalified in steel structures standard of Iran. The new method has
been tried to use the advantages of three rigid connection methods (WFP, connection with side and diaphragm plate)
in hollow square (box) columns. In other words, the main purpose of this study is to integrate the advantages of the
three mentioned methods and help to improve the seismic performance of the rigid connection. To assess the seismic
performance of this connection, its 3D model has been created in finite element software and then analyzed with a
nonlinear method. To perform the analysis, the models are analyzed under dynamic loading and their results,
including the distribution of plastic strains, the location of failures, and the moment-rotation and shear force-
deformation diagrams of the connection panel zone are calculated and evaluated. To show the damage in the
components of this steel connection, the Birth and Death method is used in the analysis.
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The results show that the proposed connection has significant advantages. In addition to removing the internal
connection plates, this connection has significantly strengthened the panel zone of the connection, and by removing
the direct connection of the beam to the column, it has reduced the deformation of the column flange and, as a result,
eliminated the three-dimensional stresses at this location.

Keywords: I Beam Hollow Section rigid Connection, Diaphragm Plate Connection, Welded Flange Plate, Birth &
Death Method, Panel Zone, Column Flange Deformation, Hollow Section Column



