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A Comparative Study on the Lateral-Torsional Buckling Capacity of Double Channel
Beams with Self-Supporting Connective Constraints versus I-Shaped Beams with
External Lateral Bracing

A. Asghari, S.R. Mirghaderi, S. Ebrahimi

Abstract

In steel structures, beams in Moment-Resisting Frames play an essential role due to their ductile nature as structural members.
The capacity of conventional steel beams is determined by the lower of the plastic moment capacity and the lateral-torsional
buckling capacity. In order to attain the plastic moment capacity of the beams, lateral-torsional bracing is applied to postpone
lateral-torsional buckling, allowing the plastic moment of the section to control the behavior. However, in some structures, it
is a challenge to appropriately place lateral-torsional bracing, leading to difficulties in the execution of certain beams. A
practical solution to this challenge is to use double channel sections instead of I-sections, along with intermediate connectors
between the channels to improve the section's buckling capacity.

In this study, several intermediate connectors were considered for joining double channel beams, and among them, the
connector with the best performance was identified as the most suitable intermediate connector for joining double channels.
Using ABAQUS software, this research modeled double channel beams and compared them with I-shaped beams. To apply
different loading conditions, the concentrated moment applied at one end of the beam was considered as a multiple of the
moment applied at the other end. Additionally, in this study, four different beam lengths—4, 6, 8, and 10 m—were used to
examine the effect of beam length.

The research results revealed that, among the various spacing lengths considered for the intermediate connectors in the double
channel sections, the restraining length used for the single channel section beams was found to be appropriate. Moreover, the
study confirmed that the intermediate connector used to join the channels performed effectively, leading to a flexural capacity
in double channel beams comparable to that of equivalent I-shaped beams.

Keywords
Double Channel, Intermediate Connectors, Lateral-Torsional Buckling, Flexural Capacity
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Investigating life cycle cost in optimized bracing frames based on performance

A. KhodaBandehLou, A. Karamat

Abstract

The purpose of this research is to evaluate the life cycle cost of performance-based optimally designed concentrically
braced frames. Today, the effect of earthquake on the design of a structure is considered with the aim of optimizing the
weight and reducing the initial construction cost of the structure. Although such a structure will have the lowest
construction cost, it is not possible to estimate the cost due to an earthquake during its operation. Life cycle cost analysis
is a suitable method to examine the cost and performance of structures that should be in service for a long time. In the
first step of this study, two three-span ten-story frames with a concentrically bracing system with the position of the
bracing in the middle span and the side spans, using the center of mass meta-heuristic algorithm in the framework of
the performance-based design method, and considering the weight of the structure as the objective function and the
external penalty function method have been optimized. In this study, OpenSees software was used to perform nonlinear
modeling and analysis, and MATLAB software was used to implement the optimization problem. In the second step, the
life cycle of the frames resulting from the optimization process has been investigated using the Wen and Kang
relationship. According to the obtained results, placing the brace in the side spans reduces the structural component
life cycle by almost 10% compared to the brace frames with the placement of the brace in the middle span.

Keywords
Life Cycle Cost, Center of Mass Algorithm, Performance-Based Optimization, Concentrically Braced Frame
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Columns Beams Braces
1 W14x48 14  W14x283 1 Wi12x19 14 W21x57 1 HSS3x3x0.188 14 HSS6x6x0.500
2 W14x53 15 W14x311 2 W12x22 15 W24x55 2 HSS3x3x0.250 15 HSS6x6x0.625
3 W14x68 16 W14x342 3 W12x35 16 W21x68 3 HSS3x3x0.313 16 HSS8x8x0.500
4 W14x74 17 W14x370 4 W12x50 17 W24x62 4 HSS3x3x0.375 17 HSS7x7x0.625
5 W14x82 18 W14x398 5 W18x35 18 W24x76 5 HSS3-1/2x3-1/2x 0.313 18 HSS8x8x0.625
6 W14x132 19  W14x426 6  W16x45 19 W24x84 6 HSS3-1/2x3-1/2x 0.375 19 HSS9x9x0.625
7 W14x145 20  W14x455 7  W18x40 20 W27x94 7 HSS4x4x0.375 20  HSS10x10%0.625
8 W14x159 21  W14x500 8  W16x50 21 W27x102 8 HSS4-1/2x4-1/2x 0.375 21 HSS10x10x0.750
9 W14x176 22 W14x550 9 W18x46 22 W27x114 9 HSS4x4x0.500 22 HSS12x12x0.750
10 W14x193 23 W14x605 (l) W16x57 23 W30x108 10 HSS5x5x0.375 23 HSS14x14x0.875
11 W14x211 24 W14x665 1 W18x50 24 W30x116 11 HSS4-1/2x4-1/2x 0.500
12 W14x233 25  W14x730 ; W21x44 12 HSS6x6x0.375
13 Wi4x257 L waixso 13 HSS5x5x0.500
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Design variables DFT1 DFT2 DFT3 DOT1 DOT2 DOT3

c1 1 10 6 6 6 7
c2 1 6 6 6 6 6
3 1 5 3 3 2 1
C4 1 1 1 2 1 1
cs 1 1 1 1 1 1
cé 15 11 3 2 1 1
c7 13 7 1 2 1 1
8 6 6 1 1 1 1
C9 3 1 1 1 1 1
C10 1 1 1 1 1 1
Brl 18 15 19 19 19 19
Br2 18 14 19 19 19 19
Br3 16 14 18 18 16 19
Br4 18 14 18 18 19 18
Br5 18 14 18 19 19 19
Bré 16 14 16 18 18 16
Br7 16 12 16 18 16 16
Br8 15 12 14 14 15 14
Br9 14 12 12 14 13 12
Br10 10 7 7 8 12 12
Bm1 3 3 3 3 3 3
Weight (Kg) 27603.7 27617 28140 38717.3 38889.6 38897.3
Period (s) 112 1.08  1.07 1.02 1.01 0.98
10 4 DFT1_10S 10 DFT2 10S 10 4 DFT3_10S
9 |k 9 9
8 n 99.9% 8 8
7 |k = A= 99.5% 7 7
? 6 * o E, 6 5’6
8 5 |4k _‘_fg"f 85 g5
0
4 —— 2% 4 *
3 3 3
2 2 2
1 1 1
0 > 0 > 0 >
0 0.01 0.02 0 0.01 0.02 0 0.01 0.02
Drife(%) Drift(%) Drife(%)
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8 8 8
99.9%
7 = A= 995% 7 7
S 6 = A=90% 2 6 2 6
&5 —®— 50% &5 &5
10/
4 10% 4 4
2%
3 3 3
2 2 2
1 1 1
0 > 0 > 0 >
0 0.01 0.02 0 0.01 0.02 0 0.01 0.02
Drift(%) Drift(%) Drift(%)
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Design variables DFT1 DFT2 DFT3 DOT1 DOT2 DOT3
LCC (EXP) 85747.75 72215.14 31063.44 45990.73 30487.35 30446.52
LCC (POW) 152373.8 102760 30947.27 55630.16 30403.44 30160.13
Total Cost (EXP) 113350.75 99832.14 59203.44 84707.73 69377.35 69343.52
Total Cost (POW) 179976.8 130376.9 59087.27 94347.16 69297.44 69060.13
probability probability probability
0.2 0.2 0.z
M'99.99 99.9%
! DFT1 DFT2 DFT3
0.15 | power 0.15 power 0.15 power
| exp exp exp
| 99.5%
0.1 0.1
0.05 0.05 1\ 90%

2%

50%

10% 29, Max Drift(%)

Max Drift(%)
S5
—

3 4 0 1 2 3 4
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probability probability probability
0.2 A 0.2 0.2
1 99.995 99,9% 99.9%
1 DOT1 DOTZ DOT3
015 | power 0.15 power 0.15 power
: exp exp exp
| 99.5% 99.5% 99.5%
0.1 0.1 0.1
I
0.05 90% 0.05 90%
50% I\ 50%
29 Max Drift(%) 10% 34, Max Drift(%) 10% ' 295 = Max Drift(%)
N, ° Ny ° N
> - > - >
2 3 4 0 1 3 4 0 1 2 3 4
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Developing a New Weighted Relative Performance Index to Evaluate Base Isolation
Systems in the Seismic Behavior of Structures

M. Bajalan, S.M. Zahrai

Abstract

One of the methods to prevent the direct transmission of earthquake forces from the ground to a structure is seismic
isolation. The main goal of seismic isolation is to reduce the amount of acceleration and forces transferred to the
structure during an earthquake. This goal is achieved by installing the structure on separating layers that possess high
horizontal flexibility. In this way, when the ground beneath the structure vibrates strongly during an earthquake,
minimal movement is induced in the structure. In this research, a new index has been introduced to compare the
performance of base isolation systems, which can lead to the design of base isolation systems with improved
performance for the structure. By utilizing the proposed index, known as the Weighted Relative Performance Index
(WRPI), the performance of both the structure and the base isolation system can be evaluated. This evaluation considers
the amount of strain energy absorbed in the structure and the isolator, as well as the maximum acceleration value and
the displacementcreatedin both the structureand the isolator. To evaluate the effectiveness of the proposed index and
compare it to previous indices, a 6-story steel moment frame with and without base isolation system was studied.
Overall, the WRPI index demonstrates better efficiency and performance than previously used indices, particularly in
structures sensitive to acceleration and inter-story drifts.

Keywords
Weighted Relative Performance Index, Seismic Isolator, Base Isolation System, Passive Control System, Evaluate
Structure Performance
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Numerical Evaluation of an Elastomer-Equipped Buckling-Restrained Brace

S.A. Razavi, M.R. Alimardani, E. Jovaini

Abstract

In this study, an innovative buckling-restrained brace (BRB) equipped with an elastomer was numerically analyzed.
The analyses were performed using Abaqus software. The components of the BRB, including the casing, core, and
elastomer, as well as their connections, were described in detail. The elastomer's connection method to other
components was also detailed. Subsequently, the numerical modeling process was thoroughly explained. The force-
displacement hysteresis of a BRB equipped with elastomer was compared to that of a BRB without elastomer and of the
same dimensions. Additionally, stress distribution in critical areas of the core and casing was examined. The failure
mode of this BRB was identified as buckling of the yielding portion of the core. It was observed that incorporating an
elastomer into the BRB increased the post-yield stiffness and reduced residual displacements. A model with an
elastomer stiffness twice that of the experimental specimen was also studied, demonstrating a 20% increase in post-
yield stiffness. The BRB equipped with elastomer has a greater energy dissipation capacity compared to the BRB
without elastomer. Compared to conventional BRBs, BRBs equipped with elastomers maintained structural stability
even after core fractures, owing to the elastomers' role in critical regions. This characteristic highlights the high
efficiency of this system in improving the seismic performance of structures.
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Double Channel, Intermediate Connectors, Lateral-Torsional Buckling, Flexural Capacity
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Using the component method to optimize the cost of end plate connection in 2D
steel frames using particle swarm optimization

A. Sadeghi, M.R. Sohrabi, S.M. Kazemi

Abstract

Due to the increasing use of steel frames in buildings built in Iran and the increase in the price of profiles compared to raw
sheets, the use of plate girders in the construction of steel frames has become significantly popular. Connections are one of the
basic components in all structures, including steel structures, and are considered the main factor in the integrity of structural
systems. The purpose of this research is to determine the optimal dimensions for the end plate connections to reduce the cost
using particle swarm optimization algorithm, so that the mechanical limitations related to the bending moment and the
resulting initial stiffness, as well as the safety and integrity of the connection, are not compromised. In the optimization model,
six design variables including the dimensions and thickness of the end plate, the diameter and location of the bolts were
selected to compare the obtained values with the results of the past literature. To calculate the bending moment and rotational
stiffness of the connection, the "component method" found in Eurocode 3-part 1-8 was used, and the analysis and optimal
design of beam-to-column connections for two-dimensional steel frames was done in the MATLAB computing environment.
The output of this program shows completely satisfactory results compared to the results in the past literature, so that the
results obtained by using the aforementioned optimization algorithm show the cost of connections A, B, C and D of the
investigated frame, respectively cost reductions of 46.24/, 5.29%, 55.10% and 56.44% by compared to the research of

Cabrero and Bayo in 2005. Also, the cost of connections A and C of the examined frame decreased by 8.07% and 0.22%,
respectively, compared to Diaz etal.'s research in 2012.

Keywords
Component Method, Steel Moment Connection, Structural Optimization, Steel Beam-Column Connections, Bolted end-
Plate Connections, Particle Swarm Optimization Algorithm
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Numerical Study of Key Parameters Affecting the Behavior of Elliptical Roller

Dampers for Using in Seismic Isolators
H. Vakili Sadeghi, N. Fanaie

Abstract

Yielding dampers are widely regarded as an effective method for reducing the destructive effects of earthquakes due to
their high energy absorption capability and enhancement of structural stability. Elliptical roller damper integrates
rollers into the conventional elliptical damper that is a yielding type, enabling it to sustain substantial gravity and
vertical earthquake loads, and alleviates the dead load imposed on other components within the gravity load-bearing
system. In this study, the performance of the elliptical roller damper, as an optimized example of such dampers, was
investigated. Using numerical modeling in Abaqus software, the effects of geometric parameters such as length, width,
thickness, height, and the number of rollers on the damper's performance were analyzed. The results showed that
increasing the width and thickness and reducing the height significantly improved the energy absorption capacity and
lateral strength of the damper, while increasing the length and number of rollers had no effect on the hysteresis curve
but contributed to the stability of the damper under gravity loads. Furthermore, the elliptical roller damper
demonstrated stable hysteresis loops in various loading angles, indicating its capacity to withstand different directions
of loading. Finally, an optimized design for using this damper in seismic isolators was proposed, which is expected to
effectively reduce the transfer of seismic energy to the structure and enhance its overall stability.

Keywords
Finite Element Analysis, Hysteresis Curve, Parametric Study, Elliptical Roller Damper, Seismic Base Isolator

eV /g g ojlw (gl g pole apls

el Jnly - pady g dag gojlatd - p)lay g (L


http://journalisss.ir/

Tluo )lis) p g0 slopioly gdac agllian

slojy) jlwha)s oxlaiwl )ghioay s9an (Tl

o t T

r.«.l..‘..-d.]a.b 1jb‘>y¢b-wb-§mwmd_’b)b&b
[T LS o s pslle 5 sbas 30
PR =T

PRI UL

e 1
) TR + ——l

o

B

GOS0 3 s KU S 5 Shas 650 -V ISS
5 o LS5 s S Skl s pan e Sl
sl sl 015 OLES (Y) J&j);j Q.L_._)Jf S [t] oL
310kl g pan ades S 4 Sl i 05550 Jals
B L s A8 L slaedisS oo Ol ey Lacslale ol il 0
e ot i b Lol o e ool 4 S o les 435
Sk es S SOl 5 51 AU (Sl slasl SHlgad s
o3l ( Sy cpl Auled o S8 5503l Sul O3y Jeos @
3PN GRal S edle ((Shle (g dn Se oS Aas

AL 3 50 el S oIL 2 s 3 il s 35

@ e
AR

Gpan Sk S0 -7 ISS

S dlexl b slojle slagtuns ) Sl ol
Sedle S dels orils s ol aslizad LB (st
IS sl s B b s 5o Olejen 2S5l
e L0550 6l (slo3 ) slaslulam 3 015 o 1 OF (slas 18
JGU e Sle 5,08 1 sodane slatasn ol
od il Lajlalitr ay Sl 035531 L Lajloli s 31k
Bghe s Ol aalsl 3 &8
034 Ol S (gl [ OLGes 57 (S 55 5 I
bl o3 KU Sl Soa bajlalis s b Sl ol
S L5 S Jlesl @oslize lales 55 5 o Uy 5,0 ccilishe
s dlesl g w0 Sl b Cuslie 5 o AE asiie
s o ol (Il ) et 5l W gl 5 3,10 e

2 Suzuki

dadis =\
o 53 0L ' IS Jau 5 L ol sl edes (s 31,00 5]
(V) Jle 5 6,505 G o 5 [V] A zAee (AVY)
il g1l Obe ) e sdled o S1e [V] 23 8 JaSS
U 25,5 b O i 4 el s Jd o J 285 sl
5 e 4 pe s il 55 31 DY el Sl
2 S QL e s Gl ()l
OF 013, b 5 ples Dl & Sl oo 15 51 g
o S e 55 ol 0 (oions 4 57 Sl 8 ol o0 e
RGIH PR W
L oS ol s 81w IS sl e KU S e
SO el cxl LB U IS @ g5k G S0 S
el 0 algity S5 S a5 5l S sl OF e
cibas O3l cle el b s JSKEU sla S
Slrn 53 GRS A L s (2 55 B 5 (oSome conlinad s
St Sl SIS & Lol Jlail 5 wa (555055 JSIU
2135 e 53 S adn S Sl L s o ol
Slesl 53 il 5 Aoy domis K 03,50 ol Ul i
Jols o3 s el ol 358 (0l hgr b SIS 4 O
38,8 ol e Gsonss oS Sl ISEU i s L]
Hipdie e wa ap JolS 358 old s Lo lenl s
Lol UYL Glo Olio 53 s e o By 93 8 02
A3l e (52 2
S s Sl e w i el L
Glacand 5 das o ) e Sl isn 55 g 235 50,
e i 534S Jb s il e SL IS s s il
S s opl At IS 085 5 &S = db s pslle ) sba
Gib O 3 Bl Sl ol sl Olyeay s
2L Ol laamin dledd 1 b Sl gla K5 a8
5253 5 oslae Spson Sl S o Ks 53 b s
Lo Slagion sl 03,08 5 olilS (il g
LS oo Sl 15 62505 551 (i 5 oihle O >~
() 2 5 a8 sbolen gl 55 55 Gogome &S > & x5
szl s gowe GOl Bl sia s i gl e o
S o Az S a3 5l 5 LS e S Slo Sl
S S U U U SN v IV T B R U VEIA
Hile ol Bl abadl G )3 e (R3S a3 (DS ol e

! Kelly

29 g ojlu ¢ ing) g ¢ole aps 7 SN

licolt jaly _ iy g dan (sojlathi— pjlgn g o

(o

H9

asha) 300 3Lib )b Bl



o 5o aS e foid lavge 5 YU glos )l b bl o
Sl 035580 b iz 55 0L 5 BLSE 55 (YY)
S5 1) e sl (g A L slilir 4 S
sl b ot 8 (gla ool 5 Lo B 4kl oy bzl
OLa gmls VY] sl plosil 0T (555 2 SAP2000 1330 5 5|
Sy SRS sl Wl gr s ol Sl sl oS sl
Sl 5 gl S Ol SR8l abes sl 50 a5 4 sl
Geds 53 Ak o S 5l 4 sl O o 3 S Slib
b JSGU Slee S 57 DL Jle Olas 53 6 K0
Glos Slalter w1y JSCs lsalail SUT 51 aiissd alade
kel (S5 e plSzal Sl e Sus [VE] way sl
(e e (o ) g (e a5l e s el
osliad U i 5 oolgning ST e sl (8551 ST b b
©olgig S ans A A lie 5 5deee Sll (g3 Lo
Ol Slac B 4 s ag JSE LU S e S slomsl 4 2
U sla ST oo 0 o g 5 BB 5oy OF S5 5 555
RC e P P [ SCH TN PV S

Ly (084Y) Jla s bjlalas s Shale 5l eslizal 5]
ell b (V440) Jlu L 5 [10] as sl Ol 570
S35t pr ) S LSl DV 3 8 eSS et
Glassazme (S35 2 45 p SAS TV 055 L aid Sl S
Sl 4 03 o0 S 555 2 el o o 3I5T (glaSale )
30 e ddgslulir 53l (Salys ki, b8 planil ¥ox ¥
.Moém'%ﬁ@uﬁgﬂw&lﬂ)@ﬁ)bﬁwb
538 Sy bl Shol s lalr gt 5
LSS iy o0kl pSeslil s lasls glacs
Ol e Ol b 51l sl a3 b 6,3 50l S sls Oley
ok w8 15 elinal 5,5 g3, IS
Gl bl Ll banslis 5o oslug) baw g eddas 2
ol 5 oddalml adls O 1is 23 035381 b =T 55 sl
S gas

Sl 5y Shle 308 sk el lealy iomen
DIVT a8 @l (Yo ov) Jle s 0LSs 57 ) s by
Lo (sl ) lalir G (Y V) Jle s Kos glallae s Lo

9 Gaikwad
10 paraghi
! Rastogi
2 Lin

13 Lee

24 /g8 g ojlw (ilingfy g Gole apls

Sy 0 0L 501 sls las 5t 3 slize glales
ooty 4 b g3 (IISLL o | ISEU gla S e S
T kel i sl 13 andllas s ge (Sals 5 (Solislacs
Lol olg Sl ¥l S8 ,0is e b bl sln 1y
Loaib 3 Bsed S OLKan 5 osl e [V] L3S slening
ol 5 035 sl o3 ) s s b Sl & e Sl
o3l sl Oles 3l Gk SH sles ) 5k Shals Glular
5osl IAT sls 0Lis CiSon b 4 s IS5 0d 05 555 ate
LoV 5l 1y KU Sle oo Olllas dalsl 5 O1Sn
N b Sl 53 650 Bsed 53 5 Ll W plSouud
Ls S sl 5 S eSS w5 ke 2l s e
VL et b S e 4 pgme Sl Ll b O
A a3l o3 see o Slsi s Sl 4 semme sl L
loe Jbpbse S o e Sllix 2 s
LT adslginy ol s Shas 5 03 8 0005 e
5okl s (Y0¥ ) Jle 53 S5l
JSU 31 e e Ll 5 g atees Slalir slis
e dlesl 5 aib w2 bl Lol Jlasl b aesls
Lz S a5 Lol planil Gl azms U s 5 5,58
oass o3 D] Llal Ll e 55 BG b (muly olie
Slabizr 5,08 Gldlsle 5 Dizaly (VYY) dle s 505
S wib gy Oletle (s JSEU ST b ol jen sles )
L ples amsa )l oot o o o lndil 5 los ) slasly
Sl s Sl 3y o 313 0L ol [))] L3500 e
Gl St 5 2T iab Clad il 5 el sl JS3U
TS B g 6 (6505 G 3 L Oles 53 358 00 05l
SN fen b 3ol 4 b S ol ploil® 1S
5T o I shws s 5 S [V V] A 03555l ans
G a0 de gams 4y s i S 13 Lo 5 (goue
53 oVl b il s b Jlesl et
P Gl Gl e el 5 ol (655 Dl
e b el ol s Shas copl o gdle . tias o OLES Cgr
Lol a8 ol o8 LB ala U adade mlans 5 sliad cantin

los ) slaslultr =1k Glasls sl 1S ool Sl

LEne

2 Interaction Curve
30h

4 Manchalwar

5 Bakre

6 Vamshisheela

" Nguyen

8 Guizani

L

lIEeld july _ pady g oo s0)laid _ p)lan g ( (Jw



sloj) juhays oslaiwl )ghaioa s9ap Thlé )F o )lis)  )igo sloyiohl gaac azllinn

.,L.ii]e JA‘ U‘" oS (Llodls J«a:ﬁ a)'k.» o e & QYL@‘ )‘ C)Ja.w S » &‘44\):«@1‘ &L&p% )\ oaleil Lv S Ll djb‘ b

53 el ol b kS n osls B 1) La0T sy 5 (3l Gl S5 shls slulaz ul AT LS o IS K3 ada Jlsend
ol el Gs o by S Sl el (a5 oK SISkl 030 5 1S58 0 SoklB il ik s e
Gl ol dsb 53 o3l b 23 Jlaty gl S S eBass gl )y, e ol s LOT .ol s 53
€ 2 ok Rl o S5 S e i 5 3 gl o 1 5 s Dl 5 b
Hloy Bl el 5 oML Gl Sllae b s Lol S5l el gl el 35 e 5 0L

e sl pelly cobis 5 b Sl nl 5385 e p o skies s 1y ek B oS slaolazile s sleslulir

Il Gass ol 5o (slos ) laslulas s Lol s Ses 5
IS8 (g s s okd o ST S5 2 S5e sl L
NGV PR W bLM LA)L,«\JQ- BE oslanul 6‘JJ ;‘ﬂ 3.4:@_:

Ll 55 oo solgiy sl e oS ls plas @L"J NaJas s
Sl 5 das A VA L gie s | Olastla Gllae Ol
5l il ey Sl VWY bl el

sde Jhe  prawowe -
¢ : Sz b Ao Ol A s n w5 Ol
M":f\"”l U’:"l"jl‘d{ rp b () 58 Gl Sl din Lils 3 B R dxes S g3 0 S gl slaslls
i I s SLlé St i o8 13 (6 St WOT [T ] st
2 ¢ o~ Y'q&JL&MJ AR A L te Z .. . 5 .
GPSE e S 1] S S S a4 Sns a5 o OB e Dl LA s

B

25 sk WA Sl s ¢85 ) o 4 Slaadlas s Tl Al ol 0BG

Sl asl 2alS ¢S U1SEN 5 glo S A g Sl aolall
mand e 3310 bl e 33l el JUT 00

(25,8 pladl (8) IS Gl S1e il Canslie 5 (e

o Ol bty e il g5 nl 51 Sl e 53 Ras
)Lv AU esls )‘Jé (.5‘4;'J’: J"l;. Q&M}ﬁéﬂﬁ)b

Y/o b Cad e 551 Al L oS sl ol s e

.“4‘. LS?“E'“".. ‘ uﬂ-ﬁ 9 . M 4 212 t) 6 V_ILQ)L!)‘JLA.:?L&&LAJ)L! aJu.LLo.: Q\JA.PM nmlﬁ)\ L'J_:‘JJLA.L:
8 Ll ezl Rl 0w Ol sl olan e s G ks oS A 315 OLE3 Wi ) 53 b b S a4 55
u:.a ;‘)l.b‘ LUA’L.N\ U’i‘ » i edalins cg_l.'u BE ‘542-}3&& Sl 6th§\j:‘ )L’I..é) s &J::vt S | vﬂﬂ B LAJJ

jjm‘)w;ﬂt}fouuﬁ)uwcéwm
i ol e L Ve (IS L dis

ol S lady o bSdlE 2 s 5l sl
(S ol [1] 48 0 Sdo |, Sawl (5 350 5 sbar ST
5 el gl s gl S a1y gl (Shle gbs S
508 058t -l bl o3 S0 s (sloj ) slaslalis
bbbz 3 s losle Glagtns 53 b ST ool
Wl 48 55 13 s 350 Sl
Sl 03530 5 ool Oldllas (s auiS S bolea
s s I (Sl glalalt b Ll 4 (KU
el Jb s bl s b, ol oS5 sl bl el

100

Oy

G Ren BB Sl sl e sl sbaslelas
k) Shle f}gl&a bl 5l Oleson o e 53 5 Lian
b)) Saan b S edkad S, 5 (Slasl Lials
38es Wlp o S5l e o (oo 3 2
L Lol s sy s sl sl
Ll s e glaS @ s alasBl 5 Jasec;
Ol &8 sl sds =k Gla Sa ssan Shle S
3Lzl b a1 n ol ASL 43l 3 g5 31551 oy OF s g5

100 @

! Rawat

2Wgd g ojlw (ilingfy g Gale ayps / Ve

€= jub _ a0y g (oo so)lasd - p)lan g G Juw

Cpyo

s

At 310 ¢ 3lis )b 63lo (LT g



Ao g ek o Ghles] 3 oS ek b Ll Amds
DA e & e eled s lile Bl Dlmds 53455 Gy e
O35S Jdoay V58 glael n SBhsl (o 5 As
2 lasl 5 a8 (o Y bkl i s Sl
Sialesl 3 ediealin Ll 5 b s dude amio O3 Cagr
S 3 5 ) Ao Sl sl (ileand meos )
A5 S i S
Syt SN B G, ol p B 5 IS L sl
i dlesl SB35 (IS0 Ao p (g5LE5 S ke (555 S
VA sldss 4 J 28— 08 otd o ooty (ol (550 o pld 2
Gilae e Ve S B e e Ve OSGt Sl
ool 5 O s Jlesl SB g i 4 (V) S
Uil L3 e Ao ys 0 Slus st > s s FEMA 461
JECU RN L & 1 S N R e R A T v ST Pt (I
i3 et b 0T gl 5 Bl 51 ool 5 s
DS 5 5 s e ol sdalis LB (V) S5 s
el ks 1 (4) UK s ot Sl ol cJslas Sty

S oBEBBEE S

Displacement (mm)
38885

8

4
=}

o 2 4 6 8 10 12 14 16 18
Cycle Number

SN ST, -V IS

100

80

60

40

20

Force (kN})

-20

40

60 .
—— Experiment

-80

----- Finite Element
-100

-70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70

Displacemnt (mm)

bl 5 e sSUT s s oie dlie —A I3

U1/ 390 g ojw (i) g Golc aypls

Lateral Farce (kN)
5
=

11 10 9 8 7 6 5 4 3 2 1

Mesh size [mm)

e I ol o £ S

53 ST37 5N58 1, 51 5680 Juled & aliws Sl
3ok dloms (aBly 13 S-S e oo pidons (it il
ke sown 5l gove cpl sl sl esls QLIS (0) J_<..~ 33
S bds dlsl b 228 O3] Sl sdalcse (25— 23
ool s aBly 55 S 5 ol 5 dealss (gl 3l
Segilasl 5l sdelcsa bt 4 a5 L SL s o
I Sl (SL i 3 Ol Sl ¢ 58
e 35 g Lralr OF 58 a Ll Ll o ol ko i
03 sddatle Jhe Ldd i e (180 Olmis
el o 03ls 0L (1) IS5 3 e SU

500

450
400
350
300
250
200
150

True Stress (Mpa)

50

0 003 006 009 012 015 018 021 024 027 03
True Strain

N iy G5 e =0 Y8

ST I3l 5 53 Sl 3 sdme il e 1 IS

J.a\.a B MLAJT BE a.L.f:Uf:}e- 5uw$ (e U;-Ja BE

asdbe s W pimen A e odes 4 (g3

! Tie

el Jnly - pady g dag gojlatd - p)lay g (L



sloj) juwhays oslaiwl )ghaioa 59 (Tl )T o )lis) p pigo slojiohy oac asllia

+

S, Hises .

(Avg: 750h) \
2.89%=+02 ¥
2.658=+02

+2.7150-02

PEEQ

(avg: 75%)
+3.095e+00
+2.837 00

+2.579@-01
+0.0002+00

(o)
Slezl o sl Sl 7h 00 dob b Sl sla) a5 -V JSCa

Sy NS (LI MPA oy e 25 () 2 s
Jslas

ol 2o e VIV Olo Cand Jsb oS A 5 e

o acslale slaw 56 b ad esspl S 4 Ko Shle
Jos ol s sdaein Slaldr 3 5 5l8 jslieas ST 5l
S0 B RNECRNY -\ QNGIW- 1K Ve NV St SV
sdalin LB (1)) o 55 alalean S1om dsles Sty

s, Mises

(Avg: 75%)
+2.43%402
+2.235e402

+5.546e-03

PEEQ

(Avg: 75%)
+3.400e-01
+3.117e-01
+2.833e-01
+2.550e-01
+2.267e-01
+1.983e-01
+1.700e-01
+1.4172-01
+1.133-01

() : oo (sleml s Shaké ame b S (sla, 505 VY JSCs
Jolae Setdly (5 S () MPA o  5n 058 15

o2 S Y

gl e Loys 00 580 X Y O i w Sl 5 e
S ol Caglis Hlade g il talS (e de 00 BAY)
A bl adsl Jlaie dogs 00 s Ee X Y O Il @
Er X YO e g Slhe 5,8 e SSL SRalS Sl
5ol a5l Gre e Vo0 BV ) adgl Hldie Aoy 00
LRI U S G RS {6 [P35 PP PRIV PR R v
O7) la JKo il ol e o ghla adl jlide Aoy
Ol sl gla o o 55 1) ST et e (1Y)
IS e st o Sl lagomie 5l (oldad oS s
st (G255 s b il Cuaglie i Loy 5 G

S, Mises
(Avg: 75%)
+3.321e402

o5 () st Ol jeis 55 o 51 ey Wy 88 -4 IS
Jsbee Sxadly (5 S (C) MPA e il 53
&_ﬂ‘)\.}: iJlae -V
(los bl 53 Sl S5 5 S50 bl o e
Joos ool oIl Al e )iy [VF] el piin (sl el
S 5l ks slaite &S Lme cpl 4 el (g ulil
el (gl 3 g e alie a5l S L ool e =l
Shls Sl 55 ol s b iie 5 e s bl
Jsb Jold lajiie (ol gl o aiiln S5 50 Span
sl &La;)\)uu@ (o, ilo Cad
dsb mis VY
Dot Sl il i Slo s Uik i b
B doss Vo 5l e e VEN s aJgl laie Lo s Ve
G 5l (sl e e TIY w4l Jlaie Ao s VO
Clo Coand Jsb ,odd 0555 3 0SBl o5 s Sovie
Jolee Sty (5S35 S L5808 el (65, SOl
aML.’LAJ,:G (\') Jﬁ)} 6M)J 0 leﬂ ﬂ‘)’a‘bﬁ‘jﬁ"

.CA-U\’\

Wgd g ojuw (ilingfy g ¢ole aylls / VP

€= jub _ a0y g (oo so)lasd - p)lan g G Juw

(o

At 310 ¢ 3lis )b 63lo (LT g



Caldd ois Y-¥

Seihe U a adl Jldde Aoy 00 5l (6 gan Cend Culs
e 5 il s e e YA o sl e Ao s Vo0 G

2 Sl uglie kS Ao ys pdome b colite Culis ok

Vo )\i' AP AT AV Qe A Ve A 0 J‘:‘:’JL’&*&

AL Eq ¥ Yo ﬁ:lio “ v:.‘:‘f—‘\.: C,\A}uﬁ s Sl 2

.J:.«l) 4:.)}‘ JLLEA M)é YYo K] \q-\ c\-\q c\ii c\Y\ c/\\

3 S e g (V) 5 (V0) e K5
Sla s 5l (galdas aS L e OLE 1 sl glacwlbs
s Llotys § Gl S8 2 ) Sy Sl
B aMJng‘ Q‘M’ J._:JAM (e )’3‘-1’5 L dd[;- Q.A}L;.A
))..\D.w L: fb' C,..A}LEA ‘f”‘) Lilosls C) &.\_L..DL_ da.z.a J«:Lw‘

O e )1 s G Szl e ol
o3 00 alied (I L S Jalee S2dly (55

150

100

Farce (kM)
e

-100

-150

-200

el odalie LB (V) IS5 s

—— Original
eeve 10%Thicker
- - 30%Thicker

=+ S0%Thicker

-0 0 20 40 60 B0
Displacement (mm})

Dt G g S Do Zalnd I V0 JKS

S0

60

20

Force (kN)
o

-20

-60

-90

L H

i
i
[tz

Original

weiseeis 10%Thiner
30%Thiner
— - 50%Thiner

-80

-60 -40 -20 0 20 40 50 20
Displacement (mm)

St o e S Calod RIS AT S

U 7 3Vg8 g ojw (iliag]) g Gole qpis

(Ji) «Llesls C) t_i.::wm yﬁ udl..w‘ BL b.,\..i')L?r.i‘ Q‘ﬁ:.x;
Sl s s Sy ke Ll b ol s
00 e I S e Jolas Sy 55 5 5 5505

ol e.lAL.:.AJJB (\ i) Jg.‘:/ BL) st\..ﬁ)}

50

z
=
Y 0
s
-30
—— original
60 ereveres 100ENarrawer,
~ = - 0%Narrower|
— - SOwNarrower
90

80 -60 40 20 [ 20 40 60 80
Displacement (mm)

it g g Sl (50 S8 JISVY IS

160
120
80
40
z
=
a 0
&
s
8
-40
. e Original
e o e 55 = o 10%Wider
B ~ ~ - 30%Wider
— -+ 50%Wider
-160
80 -60 -0 * N ’

-20 0 2
Displacement (mm)

2 et g S e e SRl ST IS

S, Mises

(Avg: 75%)
+2.895e+02
+2.654e+02
+2.413e+02
+2.172e+02
+1.930e+02
+1.688e+02
+1.447e+02

+2.074e+01
+3.390e-02

PEEQ P
Avg: 75%; B e e e S e e
O e |
- +2.624e+00 | s SSoos ST
+2.386e+00 ‘\.:: e 2 S35
+2.147e+00
- +1.908e+00
+1.670e+00
+1.431€+00
- +1.192e+00
+9.540e-01
+7.156e-01
+4.771e-01

+2.386e-01
+0.000e+00

)
Slesl s adsl i TV 0r 5o b Sl slamls SVE K

Sy S (QIMPA e e 058 25 () s
Jales

el Jnly - pady g dag gojlatd - p)lay g (L



sloj) juhays oslaiwl )ghaioa s9ap Thlé )F o )lis)  )igo sloyiohl gaac azllinn

160

120
80
40
g
g o
2
-40
-80
Original
......... 10% Shorter
-120
~ ~ ~30% Shorter|
— - 50% Shorter|
-160
-80 -0 40 20 0 20 40 60 80

Displacement (mm)

St o Sy gl eSS4 IS

()

[y A I I I _
tawg: 75%) A
+6.042e+00
+5538a 100

e
+0.000e+00 EEEEEEEEEEEEEEEEEEEEEEEEEEEE
(<)

Sl s adsl Jlda o eS| Sl sl smls —Ye S

Sy RS (QIMPA o el sb 25 () 2 s
Jslas

Cwlded 5 o8 pis —0-Y

ol g gl ull Sl Sl e e s s Gl
3 ek V00 Gose b e dinl 5 s dlesl Olajen
Shoys 00 (2l S oS s atle e e VA sl
&%ﬁ\ﬂ@j@é“@MWﬁ)‘b@)‘dhww
FeS oMl 2k Sl s s 00 o3l 4y s (YY) L
osba Gl 5 (o0 Ol s bl s p R jldde
el sdaline LB (YY) (IS5 s Lo 51 Lol

Force (kN)
o

-40
80 Original
o e e e 50% Wider
& Thicker
-160
-80 -60 -40 -20 0 20 40 60 80

Displacement (mm)
ey el 5 b e (ghes 00 15 =YY S

D SR

S, Mises
(Rvg: 75%)

29178402

+2.01de+01
+5.3460-02

PEEQ
(Avg: 75%)

+6.9070-01
+3.453e-01
+0.0002+00

)

slesl 5o gl Jlas 7100 Cubes b ST sla, mls -V JKa
Sy RS (QIMPA o el 8 15 () 2 s
Jsles

tlé.‘.‘,ijmi.‘:—i—\"

Al ke doy3 100 B adsl ke doys 00 51 ST sl
Qiuzﬁtsp)u:,usdgt?w,g‘cw)lugbs\p.c,.slmga
e oA L SR ess 5 S g SRl S s
S bs s e adalin (18) 5 OA) sba JKo 55 &5 5 sbolen
O gl e a g )ls i il plS S Ol kS
O Llis 0 gLl joid b3 sd 0 S (8l ol
Ol ds (deoys 100 5180 Y0 Y0 ) @ A Ve
QET ATV ANY QY AL VA M WV (o ja il Caslis
D5 50l e (3L i adgl Sldde Aoys Yer 51
2o 00 gl alS L ST Jolee Sty 55
el sdaline LB (Y4) ISSS

%0
60
30
z
=
g o
o
2
-30
Original
. <weveee- 10% Taller
-~ =30%Taller
— - - 50% Taller
90
-80 -60 -40 20 0 20 40 60 80

Displacement (mm)

o Fed s Sl 1 SR SN S

290 g ojlw ¢ ling) g ¢ale ap / Ve

€= jub _ a0y g (oo so)lasd - p)lan g G Juw

(o

H9

asha) 300 3Lib )b Bl



S, Mises
(Avg: 75%)
+2.817e+02

)

SR 5 e shes 00 I L S sla, SIS -YE S
ot 058 G55 () o sl oo gLl o ss 00
Jslee Szt (555 (&) MPa

gl 5 cwlded uis —V-Y
(S5 O u‘;ibéljtusjl S5 00 alS > e 5o
Wo il Ol i oS ad Jlesl Olojen Hsba Culs
S 588 e (Y0) IS Gillas S5 il e glie (sbs s
() JS 3 o 51 ol oJsbas Sty S
D G585 55 S pm 4y das e 0L oS ol oalia LB

el 0l Jom (6345

240
180
120
__ 60
Zz
=
@ 4]
£
£
-60
120 s
——— Original
-180
----- 50% Thicker|
240 & Shorter
-80 -60 -40 -20 o 20 40 60 80

Displacement (mm]

Sho3 00 malS 5 Cwles (g3 00 lsEl SI-Yo S

i et g2 p gl

U0 /398 g ojlw (ilingfy g Gole apls

Force (kN)
=]

S, Mises

(Avg: 75%)
+2.901e+402
+2.660e+02
+2.419%e+02
+2.178e+02
+1.937e+02
+1.696e+02
+1.454e+02
+1.213e+02
+9.724e+01
+7.313e+01
+4.903e+01
+2.492e+01
+8.183e-01

s B
- +4.200e+00 i

-+§.816e+oo l\‘v.:.: s aeaeas:
+3.433e400 A
+3.250e+00
+2.866e+00
+2.483e+00
+42.200e400
+1.833e+400
+1.650e+00
+1.466e+00

- +1.283e+00
+1.100e+00
+0.000e+00

0

()

Calbes 5 yo,e Aoy 00 Ll S1ow sla, 588 -YY s
S (QIMPA o el 8 25 () 2 s (Ll o
Jslae Saadly

(ULl 5 g2 o i Y

Gho s 00 sl 5 el (sdo 3 00 tals s e s
Vor il ol dms S ad el Oboses jsba 5,
OS5 a5 (VF) S Gillas Sl pe il Caaglie (sho o
(V8) o os s 51 Jools adslas Kby (5 5
o S1me 0 (g3b 5 L35S das pe OLES oS el ol LG
NGSOM PR Vo

-60
120 —— Original
- I e e 50% Wider
& shorter
-240
-80 -60 -40 -20 0 20 40 &0 80

Displacement {mm)
FU) o2 00 alS 5 (5 e (gm0 Ll Y Js

ORISR (g

e oy - andy g dan so)ladh - p)las g W Juw



T o )lis) p g slopioly ac azllino

slojy) jlwha)s oxlaiwl )ghioay s9an (Tl

Force (kN)

S, Mises
(Avg: 75%)

+1.397e+02
+1.165e+02
+9.340e+01
+7.027e+01
+4.714e+01
+2.401e+01
+8.778e-01

()

PEEQ
(Avg: 75%)

+0.000e+00

)

Calied 5 oo Shoys 00 Ll L ST sla, s5lS —YA JKa

2 03 5 () e sl s CLL?)l Ghey3 00 fals
Jales Sadly (23S (0) MPa e

o5 O s dlesl ¢
Llss den 3 O ois o (glos ) slaslulis a5 Lol 5
S i S Shl Sl el [YE] S B
6)]J§)l{J4.>J)DQT&L\j;U}J:§)\J§ —o$ 6)‘.,\§)L3
Ol 4.:3‘5‘ _)f\]:.n ‘)).E.'.a U’-’-‘ 4 .)}.:3 ok g0
o 22 S 5 s 80 Lyl Ll nlesl iS00
sopes g 5 LS S > e 55 Sl ) e
s> (F) 5 (Y4) la JSCs 55 4 5boles 3 S o) of
S 3l O Il laas o glils Lajls el pl o gd
Rl S il Ceslie (OIS0 g5 cpl Sl s
CS o g Sy 53 s e Ll ol 4Bl
el ods lgenl (ol L Ssl sbel se LSl
03 Qe Sl el dalee Szl 2S5 el
U:'.‘: g;‘ﬂ.& “ Mé@ Olis aS DML:\A&LB (Y‘\) J.{.&
Cj.» U'i‘ BLl 6}.;4:.» Cand ol 0l J:A?J 6.}[{.) )l:.«\n-!
Olejen ssbar iast 5 3 b SKa i sl (s 8L

120

80

40

-50 -40 -30 -20 -10 0 10 20 30 40 50
Displacement (mm)

laslals S i g 55 Sl i) et o — Y4 S

5, Mises

{Awg! 754
+3.801e+02
+3.4872+02
+3.173a+02
4—2.35934—0%

+1.9168+02
FLED2e 402

434512401
+3, 088400

PEEQ
[Awg: 75%)

(©)
Ol 5 Ll oy 00 Gl L S e gla, sils -Y IS

= 53 5 (D) e sl s gLl sde s 00
Jole Sy (58 (&) MPa

Pl 5 Sl (b 5 is AT
0P She3 00 Rl Bl plil o 00 fals A
YVO Ll O it 45 8 Jlasl Olajan 5 bois Caslios
ﬂ)ﬁlf.;ﬁ(\’\/)(}&;&u@ﬁlﬂ o aslie (ghs s
A g5 s Hos 51 Jools edslae Saudly (55 5
St GRS 5 G55 S e s o 0L o5 ol edalia L6

el 0l e (3L

,Force (kN)
o

Original

----- 50% Thicker &
Shorter & Wider

-80 -60 -40 -20 0 20 40 60 80
Displacement (mm)

00 Jals 5 culs 5 50 ghoys 00 il JI-YY SS

et e p Ll g

29 g ojlu ¢ ing) g ¢ole apts / V¢

licolt jaly _ iy g dan (sojlathi— pjlgn g o

(o

H9

asha) 300 3Lib )b Bl



3 lgl slalis Sl slales —YY JS.J:

©3ds golwdds —Y-0

L ST ool oslgning Sl (gaie ) shiten
Voo Jdotls Jsb e Je V00 5 e e e VA Culs
0 sl iculs 5 o e aS e Je £4 &LL?)\}J:»‘;L:A
Sl 4 el o 00 2als il 5 dsb 5 e
W & g5 s S 515 Ll s 5 s g5s 2 il
CS g o (V) S il Sl Ok 5 S
IS s Gt g s Jlasl VL dio 4 LSl
Jalas Szl (255 5 2 5588 sl sl esls OLES (TY)
Ans o DL oS ol stalie LB (1) IS5 s oo 51 Jols
el ol e (53L5 (258 S e

800

600

400

200

Foree (kN)
i
S [=]

&
g

&
g

&
g

-70 60 -50 -40 -30 -20 -10 O 10 20 30 40 30 80 70
Displacemnt {(mm)

2 S50 g Sr 33 et feet e YT JSS

W 7 2Ugd g ojlw ¢ inghy 9 ale s

Force (kM)

-100

-200

-300

200

100

50 -4 30 20 -10 0 10 20 30 40 50
Displacement (mm)

LS o 3508 g 35 Sl ety e =Y K3

S, Mises

(Avg: 75%)
+5.400e+02
+4.951e+02
+4.502e+02

+3.156e+02
+2.708e+02
+2.25%+02
+1.810e+02
+1.362e+02
+9.128e+01
+4.641e+01
+1.540e+00

PEEQ

(Avg: 75%)
+4.305e+00
+3.946e+00
+3.587e+00

+2.511e+00
+2.152e+00
+1.794e+00
+1.435e+00

+3.587e-01
+0.000e+00

()
£0 O ons Jlosl b ot slel 53 81 (slay 5315 ¥ s

Sy (S (LIMPA e s s 05 25 () e

Jolxe
slo3 4 3lalder —0

@lgd b V-0

Sy Shle 81 5l eslinal b (sles ) 5Ll ctla sl
SR e pooses GbSlle S bocisy s LSl
dsb 5 bShls slaws Olg o V=Y Jisw 4 ar g L.b,S s
S b S0l Sl s e 3 GRS e
rhesls 5 s SO i Jass LUl5 SToe o
S Jos g 50 o 53 Sl b sddant b Ll
ol S s e 0L | (galgnig Slelir 51T (Y S
s Ol e AT BYT sl i w5 b Sl e
als 2al 1y b ST gl 5 (1 omie S

ol 0l - pa) 9 dag so)lath - pjlog g (1



eein b (77 oneg? qel one? ot rofo?

_,.@CM

40

oo o
M3 7 UN

Z

> (V) Jg,; las

1580

33 et (Sla s
‘_}2534.3 /|J.:a ol Cwslie
53 s sl
Lo s g3k S
50

Lale

20

&

Z

e

|

10
&

e )

))

2 fh S —"°J5w’
@

asl

to
-
0
Displacement (mm)

()
10

sdalie L (YY)

YW 31
lw ¢ hingf) 9

909 0j

20

S () MPa e 3 s 05

R

SR SO LR
ol O s i 8 5 L S glashle oS -
My 55 S ol
|
gz 03 Sleldr

:adeA{A;.-)é

6@'}3&6})‘){ /\ﬂjséu)pﬁ—\"i JS&

4
)
~~
o
- :
u.»u ~
aaaaaaaNHHHO 00000000000 O Dol 6 8 ==
0000000000000 0000000000000 %.. —~ 3 . ~
F++F++++rrrr +++++++++++9+ a - : N 4,
k%keem%e&%e&% V0V VVVVVVDD il =2 . -]
Py N ol ~ STITOOVUMEAOOVUMOVWNVO N V‘ - Y
@78013 wNoOOMNM /05826037158220 + 3 ~ J /Mw
B AV OONE AN Ol BT OB AN OOV O ¢ Yo a
%H3322221118634 RYduuEmmainrrnc u.w Iw )
AN FFFFFFF T+ B T R A AN Y C3 : Y 4
£5 V o5 : : = I R S PP g8 8 88 ° 8288 8
< WL £ < T . 500 : ol P
w - [ = .
J A .Hu “u _f b (Ny) 22104 )
= % v 34y ?

= d J AT TS B
g Pe B * N * : :
m N A T i 3
v Mg od o, N
2 . X .M“ n 3 .u ..) R
. N vw 2.3 ) ]9
] QXXXXCKXS AR o ¥ 3 ™ oa
Mﬂ 00“0“0"0"0"0"0“0000.. ) Iﬁﬂ 3 .,ww lﬁ, ‘ﬂuﬂ a
o OO yod : = 3
g A GO0 3 S N 2 3
,m. : o 3 w ) nog 2y \wJ
m aﬁ I (=W Iw ’O . 0}
N RV = ~ o = S 2 )
s 5 9 ) 2 A N 3 4 4
S 3 T3 ia b
2 5 LSS g3 9 Yoo =,
oy ER > LR
W - : v =) W
m , alninaaaaooEH A O “6 % W \»lu 3 _w .
0O0O000000000 O N
5 2323272232252 IR IPIT IO . <w o 3 3 w
§ Y _ 3228880880089 _§823933383383 ] 4 3
. 5 BOR¥RAEATINGR ShoeRRBANAT2e] s 3 33 A
- ? w | Eagrdr bbb brbriobnk i) nyguyyadddddng w = ) ) IEREEN N
8 8 % 8§ 8 3 £9 , ge , w 3 a8
- 3 +2 I T kY CEEEEAEEE | i\ L S N
- ha}

oo 3<<f §jor{@8 abel of (om( o] f 7oy FerbS) coorord( jomroeo cloxm( (o)

Il 1l - aniy g (oo s0)laud - pjlan g ¢ Jw



V97398 g ojlw (iingfy g pole aypds

2l et 3 S e S G ST sk s s

RGN

‘qu.afo Slead b b o glie Ol a5 =Y
gLl Sl b s s G sl Dl otd s
b2l onl Dlens oS5 53 il Ll o)ls S o
e Sl 2

S syt st (58] daShale sltas il 3l T
Gl Rl s JE Gl e s 03 Llg e Ll
Al Wl 55 8 S e 5 Shes

S (Sl 100 450l 0L (30 gladle s -8
L tr s S s 5 o Ol s o oLl
S Oaks 5 Il e s Glaas 2 Lo sled 55 5 550
s o Ayl g 0

o Cabis il le Sl kg b -0
23 s S hes e (B0 Rl ] LAl e
Ll s osbo 4 )5 (530 Jl rals 5 (6550 s
CaSs oS apde Sl 02 S s 5 Rl csl
AP o 350 ST Olidos 53 Ll o s opl Sl
N

ot s (Bl S1m a8 5l 0L rasy s 1
Lol 5 30 550 cdr e b ol gl Sis
Glaslalar s oslinud gl b slaw S JB slasl
el (o)

b s cos L Jes GUls 4 g LY
b Sl ol & s Slolir &8 55300 Gaiitn (Solein
AL anils glesJ lasl plp 5o pele s Shas
Laslgds -V
slgiiay 5o antls p Ol @ lis ol )3 &S JSle s 50 ol
Giledde 3,8 3 4z ss5m el Glatasn 53 3480
sedhe el Sle (e e sla bl e s
sl St ple 53 Slie ol 3,8 Wdllas oyl
Slaye 5 S Olsea Ll (o Slal dho )
opd e ST Slikes

L

lIEeld july _ pady g oo s0)laid _ p)lan g ( (Jw



(sloj) jwhra)s oxlaiwl )ghaioay sgn ¢ Lhalé ) Ijso )lis) p figo loyiohy goac azllas

[13] Gaikwad, S., Satarkar, P.R., and Manchalwar, A.
(2023), "Seismic Analysis of Five-Storied
Building Using U-Shaped Hybrid Isolator and
Lead Rubber Bearing Isolator"”, In International
Conference on Interdisciplinary Approaches in
Civil Engineering for Sustainable Development,
pp.477-485

[14] Parghi, A, and Rastogi, A. (2023), "U-Shaped
Hysteresis SMA Damper for Seismic Isolation: A
Numerical Study", In International Conference
on Advances in Civil Infrastructure and
Construction Materials, pp.253-262.

[15] Lin, TW. and Hone, C.C. (1993), "Base
isolation by free rolling rods under
basement", Earthquake = Engineering  and
Structural Dynamics, 22(3), pp.261-273.

[16] Lin, T.W., Chern, C.C., and Hone, C.C. (1995),
"Experimental study of base isolation by free
rolling rods", Earthquake Engineering and
Structural Dynamics, 24(12), pp.1645-1650.

[17] Lee, G.C,, Ou, Y.C, Liang, Z., Niuy, T., and Song, J.
(2007), "Principles and performance of roller
seismic isolation bearings for highway
bridges", Multidisciplinary Center for
Earthquake Engineering Research.

[18] Lee, G.C.,, Oy, Y.C,, Niu, T., Song, ]., and Liang, Z.
(2010), "Characterization of a roller seismic
isolation bearing with supplemental energy
dissipation for highway bridges", Journal of
Structural Engineering, 136(5), pp.502-510.

[19] Tayaran, A., and Hosseini, M. (2015), Pillow-
Shape Base Isolation System and Its Seismic
Behavior”, Journal of Structural Engineering
and Geo-Techniques, 5(2), pp.25-34.

[20] Rawat, A., Ummer, N., and Matsagar, V. (2018),
"Performance of bi-directional elliptical rolling
rods for base isolation of buildings under near-
fault earthquakes", Advances in Structural
Engineering, 21(5), pp.675-693.

[21] SIMULIA, (2014), Abaqus User’s Manual.
Rhode Island, USA: Version 6.14, Dassault
Systemes Simulia Corp.

[22] FEMA 461, No. June (2007), “Interim Testing
Protocols for Determining the Seismic
Performance Characteristics of Structural and
Nonstructural Components

[23] Deng, K., Pan, P, Su, Y., and Xue, Y. (2015),
"Shape optimization of U-shaped damper for
improving its bi-directional performance under
cyclic loading”, Engineering Structures, 93,
pp.27-35.

[24] Yamada, S., Kishiki, S., and Jiao, Y. (2023),
"Effect of Bi-directional Ground Motion on the
Response of Base-Isolated Structures with U-
Shaped Steel Damper”, In International
Workshop  on  Energy-Based  Seismic
Engineering, pp.205-215.

8|J4—/\

[1] Kelly, ].M,, Skinner, R.I, and Heine, A.J. (1972),
"Mechanisms of energy absorption in special
devices for use in earthquake resistant
structures”, Bulletin of the New Zealand Society
for Earthquake Engineering, 5(3), pp.63-88.

[2] Skinner, R.I, Kelly, ].M., and Heine, AJ. (1974),
"Hysteretic dampers for earthquake-resistant
structures"”, Earthquake  Engineering and
Structural Dynamics, 3(3), pp.287-296.

[3] Qu, B, Daj, C,, Qiu, J., Hou, H., and Qiu, C. (2019),
"Testing of seismic dampers with replaceable
U-shaped steel plates", Engineering
Structures, 179, pp.625-639.

[4] Sadeghi, H.V,, Fanaie, N., and Latifi, M. (2025),
"Experimental and numerical study of an
elliptical roller damper under cyclic loading”,
In Structures, Vol. 71, p.108074.

[5] Yu, T, Zhang, C.,, Huang, Z., Huang, W., Wang, S.,
Zhong, G., and Ou, D. (2023), "Experimental and
numerical studies of a novel three-dimensional
isolation device incorporating disc springs with
U-shaped dampers”, Soil Dynamics and
Earthquake Engineering, 174, p.108164.

[6] Suzuki, K., Watanabe, A., and Saeki, E. (2005),
"Development of U-shaped steel damper for
seismic  isolation system", Nippon Steel
Technical Report, 92, pp.56-61.

[7] Ene, D., Kishiki, S., Yamada, S., Jiao, Y., Konishi,
Y., Terashima, M., and Kawamura, N. (2016),
"Experimental study on the bidirectional
inelastic deformation capacity of U-shaped
steel dampers for seismic isolated
buildings", Earthquake Engineering  and
Structural Dynamics, 45(2), pp.173-192.

[8] Oh, S.H, Song, S.H. Lee, SH. and Kim, H)]J.
(2012), "Seismic response of base isolating
systems with U-shaped hysteretic
dampers", International  Journal of Steel
Structures, 12, pp.285-298.

[9] Oh, S.H, Song, S.H. Lee, SH. and Kim, H)]J.
(2013), "Experimental study of seismic
performance of base-isolated frames with U-
shaped hysteretic energy-dissipating
devices", Engineering Structures, 56, pp.2014-
2027.

[10] Manchalwar, A. and Bakre, S.V. (2020),
"Seismic performance of structure with
isolated foundation using u-shape steel damper
as an isolator", Soil Mechanics and Foundation
Engineering, 57(2), pp.170-177.

[11] Vamshisheela, S., and Manchalwar, A. (2021),
"Isolating system wusing U Shaped steel
damper", In E3S Web of Conferences, Vol. 309,
p. 01136.

[12] Dai Nguyen, X, and Guizani, L. (2021),
"Analytical and numerical investigation of
natural rubber bearings incorporating U-
shaped dampers behaviour for seismic
isolation", Engineering Structures, 243,
p.112647.

2Wgd g ojlw (ilingfy g ¢ale ayps / he

ekt 1y - pay 9 dag s0)lath - p)lea g (1

(o

asha) 300 3Li6 )b 9o (L g



9 R § o 4 g (51 Yo il (K98 g )1 0 g
oY 39 9 o}'m

8345 .PDF 5 .DOC s b 55 o 4y dlie LL 5555 (gduamio 5 b Ms-Word 2003 )ljé\rjj L b oV -

53,8 ol 4 i

Toss Cilge Salglt s ol Ul ise Salsile ol ol @

YO =X/0=Y/0 =YL ol San Olio Conly 5 ool Ylsgas A4 L ol L Slio o5lul @
2 e el

Ssd o ag g SV/0 5o LSS A st 93 S 4 OV ¢

el ol (V Jsdom) 55 55050 51 SO a6l enlital 3550 )b (glg go g5 5ol e

(a5 Ol 5l b ) Camdye a3 OF o3lil 45 353 o3lized Times New Roman 1ol sen 5N i gh ol ¢
EPTR T PEpSvRI LRGP S| K v N RN SR E P

o (Single) Jyaxe Wlin 2oy 5 olSome Olyie 55 s o dhsls

w5 Bold VU o300l (a0 g b i o a1 ol plal SIS la S5 pled slat] e 3 Wlis Olye @
Dl

DS B s 03 S g S LS e

Db g 5 e Sl o3 edd iy et e s bl 5 S OLS 4 dolae Ol s @

el S50 55 SN OL5 4 0l 203 5 8 @

Bold-11 Times New Roman .Sl edssr olype Sig ¢

Regular-10 Times New Roman _..Sl.aSs e cish ¢

szl Cond 4 g NURSIRY

sl S5 ol ES A
Il 5 Jglas opste Bold .5 N

o oFS Y

IS LIS 5 en S Bold . V¢
oelge sl Bold o AR

b Jisw cpsbe | Bold ess VY

Ao olges Bold yud \y

[EYLRPY) @3;;3!.\;\ (V) s

Email , Jleis! Joxo b ol5isls Oizod ladgo ool 4 po b G N



éoLa.” J:x.a

-

“ f)
1
]
& fm U

e = eS| oKislo R oz 4l Syowe gy

&l 4 > Golgun.¥

bl 2ol ot St o
\
Y
Y
f
Lo oylojle codled bl codlsd
©oYsd DY gamme oasS s [ ] el g zyb oleas [ chb obes, 5T o)l pae[ ]
ez 5 YT peile 00isS wdgs [ oy5bie Sloas [ ] las bS] Szl pas[]
....... Sl gle olfws [ ] &Sl Sloos [ ] YT il ol IS ] adg pas[ ]

....................... 2] iy Sleas [ CaieS S oebes ST b e[ ]
soisel Sleas[] (oke 45,0) sale oln gae[]

205 JooSS Soi> (sla &8 1 ouilel Lo 08 (ol o padd
SIel 6oY g8 sl o5l el dnlwll & Cons AT L g 00405 ol 1, a8 5 ol Sl joie oo oo sl

ol ly ezl cpl 0[] wemails [ > [ Bsi> Cogade Cuslgs o
cLasl b



<3 o)Ll Joe Eyo90 Olye

—

& | 6| 1| =

00 8 dowads ylge plu

oo b ol plw )0 Cugac #

Cugas F,l

\

v
»
¥
A

L33 ,5 daied 3yl50 plu

Cogas S p3¥ S)Hlae

S i dabiwlol g omy 4sli5g, ~0g,9 55 SIS 1 sy —(ES i soiled) heas S o 3 gl —dsliwlids pgal VT LuSe ankd Y
Pegas @

Jb, slpeaail g (ygubes 4 Sei> slacl @ Ju, leaaily i slacl @
Jby Ogdee o0 igh (oale Sluge g S @ Juy )l Cawss pemiils glacl @

Sl 6oYsh sl o3les ozl Al ) T+ 05 (635 10 arnds &l SOl FOVFYY o Lot gl Sl 4

U‘)"‘ 60&/55 LQLQ o)LMJ uo:u‘ uu).l.b 4.».:.95 .............. C)}c d.wl.‘> DS e e u.ae.»a.c WIP)Q
el o il - by Ll S b 5 e

8,8 s anliogge . t)aﬁo)i\.\ﬁal@iml.’?)b

S S o ol e

0y o uL{b

.\.».‘l.o)ﬁ JLw)|‘d|ﬁ| 60}!93 ‘_gl.b e)‘l.w u.o."ul 43[5).50 <333 @L&JQJ)LM ol).o.bé.g‘) 45).3 o.g‘l M)‘WW
o oty 2 Ve 53— (il (s ) IS e & = i g 51— Sl o550 o145
AAFYAFYA : el AAFFQF: ol

s lod dzal 0 WWWLISSS.IE LG @ pdon Oledb! s




