Amirkabir Journal of Civil Engineering

Amirkabir J. Civil Eng., 55(9) (2023) 403-406
DOI: 10.22060/ceej.2023.21690.7799

Evaluation of the Performance of Special Eccentrically Braced Frames against Seismic
Progressive Collapse under Pulse-type Near-field Earthquakes

N. Siahpolo!, S. A. Razavi?, M. Jalilil?

"Department of Civil Engineering, Institute for Higher Education ACECR, Khouzestan, Iran
“Department of Civil Engineering, Abadan Branch, Islamic Azad University, Abadan, Iran

ABSTRACT: In the event of progressive seismic collapse, the entire columns are not removed and
can weaken in a time-dependent manner. For example, the possibility of reducing the carrying capacity
of a column is higher in the maximum acceleration of the ground. Therefore, since earthquakes have
different parameters such as frequency content, maximum acceleration, effective vibration duration,
and other things, they can subject a structure to different effects. This is the special distinction of this
phenomenon in contrast to progressive failure under gravity loads, which multiplies its importance. In
this article, the ductility of simple and bending frames with special divergent bracing against progressive
collapse is evaluated from a seismic point of view. The analysis used is non-linear time history analysis,
according to 14 acceleration maps of the near-pulse area of FEMA P695, and non-linear static analysis,
which was performed in SAP2000 software. The results showed that the maximum demand for the floor
drift angle and rotation of the floor connecting beam in the two scenarios of removing the first and fourth
floors for the special bending frame with special eccentrically bracing is 50% of the values of the simple
frame with special eccentrically bracing. Except for the bending beam, in the scenario of removing the
fourth floor, the maximum values of the floor drift angle for both frames were 0.024 radians, and for the
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maximum rotation of the floor beam, 0.056 and 0.061 radians, respectively.

1- Introduction

Those types of progressive failures that occur under the
effect of earthquakes are called progressive seismic failures.
Starusk has classified progressive collapse into 4 groups
and 6 types [1]. He investigated the possible mechanisms of
progressive collapse in structures. By carefully studying the
mechanism of progressive collapse and types of collapses, it
was determined that some types of progressive collapse will
occur during an earthquake. This phenomenon can occur as
a result of factors such as sudden rupture between the frame,
the presence of short columns, twisting in the building, or
weakness in design and implementation. Also, in severe
earthquakes, some specific members may be damaged early
causing load redistribution and the beginning of progressive
collapse [2].

The existing methods to analyze and apply the column
removal mode in the progressive collapse are mostly for the
gravity and explosive progressive collapse mode in which
the column or member is completely removed, but in the
progressive seismic failure, seismic loads and the column
removal process are both dynamic identities and They are non-
linear and due to an earthquake, the columns are not removed
completely, and the column can be weakened depending on
the time. For example, the possibility of reducing the bearing
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capacity of a column is higher at the maximum acceleration
of the earth. Therefore, since earthquakes have non-identical
components such as frequency content, the maximum
acceleration, duration of effective vibration and other
things can subject a structure to different effects. Therefore,
in progressive seismic collapse, instead of removing the
member completely, the desired column or member will be
weakened [3].

Considering the major focus of researchers on the
investigation of structures under progressive failure, it
is necessary, considering the importance of the topic of
researchers in the subject of progressive seismic collapse, to
try to create a bridge between the series of previous research
to overlap research and gain insight. Right from the concepts
and clarifying the ambiguous things, the result of these
results can be provided in the form of guides and instructions
and finally used for use in the industry and creating resistant
structures against this phenomenon.

2- Methodology

In this article, the evaluation of the progressive collapse
under earthquake was discussed with regard to the earthquake
near the pulse-type area, and in that simple and special bending
steel models with special divergent bracing and three types
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of yield behavior of the connecting beam including shear
behavior, bending behavior, and bending-shear behavior.
They were subjected to seismic progressive collapse analysis
under different modes.

To evaluate and investigate progressive seismic collapse,
two-dimensional models were made with simple and bending
steel frames with special eccentrically bracing. The number
of floors is 8 and the height is 3.3 meters. The number of
openings of the frame is 4 openings in length of 5 and 8 meters,
which have eccentrically bracing in the side openings of the
frame. The bracing connection in both bending and simple
frames is hinged, and the support conditions for connecting
the column to the foundation are considered in the hinged
bending frame and the hinged simple frame.

3- Examining the responses with a 5-meter span under
nonlinear time history analysis

To evaluate the progressive seismic damage of the models
under 14 accelerometers of the near-pulse area, a nonlinear
time history analysis was performed, and then the average
values were obtained to extract the graphs. In the following,
the results of the nonlinear time history analysis in progressive
seismic collapse are examined and compared.

In the process of removing the column and bracing on
the first floor, although the frames with bending connection
experience a lower amount than the connections with shear
and shear-bending performance in terms of the distribution
of the relative lateral displacement angle in the floors; the
links with shearing behavior have a uniform distribution and
the values of relative lateral displacement angle in special
bending frames with shear link beams in the first and fourth-
floor removal cases are 0.017 and 0.014 radians, respectively,
from the maximum value of the lateral displacement angle.
The allowed ratio of 0.02 does not exceed the 2800 standard.

The absolute displacement demand of the floors in Figure
1 shows that in the case of removing the first floor for both
simple and special bending frames, the frames with shear-
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Fig. 1. Demand for changing the absolute displacement
with special eccentrically bracing
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bending beams have the highest absolute displacement
demand equal to 0.548 and 0.456 meters, respectively. and
the frames with bending links with the maximum values of
absolute displacement demand of 0.409 and 0.362 meters
have the lowest values relative to the other two link beams.

In the case of removal on the fourth floor, the special
bending frame with shear beam, with the maximum value of
absolute displacement demand equal to 0.262 meters, has the
lowest value in the roof height, and the simple frame with
bending beam with the value of 0.362 meters has the lowest
displacement. It has a roof.

In this article, after investigating the progressive damage
due to the earthquake in the area near the fault in steel structures
with divergent bracing, it has been tried to show that when the
initial failure caused by an earthquake occurs in a member
of a steel structure with special eccentrically bracing, what
is the structure like? It will show the performance and what
is the effect of increasing the span length on the behavior of
steel frames with special eccentric brace under progressive
seismic failure affected by the earthquake near the pulse-type
fault. Although in terms of the distribution of the angle of
relative lateral displacement in the floors, the special bending
frame with special divergent bracing and the bending beam
experience lower values, but the shear beam has a better
uniform distribution and the maximum demand of the angle
of relative lateral displacement of the shear beam is in The
S-meter opening was 0.017 and 0.014 radians for the removal
mode in the first and fourth floors, respectively, which does
not exceed the permissible limits of the relative lateral
displacement angle of 0.02 radians. the maximum values in
the bending beam are equal to 0.02 and 0.024 radians, and for
the shear-bending beam are equal to 0.021 and 0.016 radians.
The minimum and maximum demand of the relative lateral
displacement angle of the simple frame is experienced by the
shear and shear-bending beam of 0.028 radians, which occurs
in the case of removing the fourth-floor column and brace.

In this way, the evaluation of steel frames with special
eccentrically bracing under the progressive seismic collapse
affected by the earthquake in the area near Pulse showed that
the special bending frame with special bracing in terms of
floor displacement demand, connection beam rotation, and
permanent floor displacement is much better than the frame.
It is simple and dynamic instability was observed in the
simple frame with special eccentrically bracing. Also, in the
investigation and effect of the length of the connecting beam
in the evaluation of the progressive seismic damage caused
by the earthquake in the area near the pulse type, it was found
that in the special bending frame with special eccentrically
bracing, the best performance of the connecting beam is
related to the connecting beam with shear performance,
shear- It is bending and finally bending. In simple terms, due
to the instability of the demands, it exceeded the permissible
limits of the regulation.
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Table 2. The percentage difference between the results of the relative lateral displacement angle of validation
and study [15]
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Fig. 2. Diagram of the angle of relative lateral displacement of validation and [15]
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Fig. 3. Special moment frame with special eccentricall bracing
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Table 3. Characteristics of near-fault records [18]

No Earthquak PGA? D.max.g! Time step Timesec
1 Imperial Valley-181 0.44 Y 0.005 39.09
2 Imperial Valley-182 0.46 Y 0.005 36.87
3 Irpinia, Italy-292 0.32 Y 0.0024 39.34
4 Superstition Hills-723 0.43 X 0.01 22.34
5 Loma Prieta-802 0.51 X 0.005 39.99
6 Erzican, Turkey-821 0.49 X 0.005 20.78
7 Cape Mendocino-828 0.66 Y 0.02 35.95
8 Landers-879 0.79 Y 0.005 48.12
9 Northridge-1063 0.87 X 0.01 19.90
10 Northridge-1086 0.84 Y 0.02 39.98
11 Kocaeli, Turkey-1165 0.23 X 0.005 30.00
12 Chi-Chi, Taiwan-1503 0.78 X 0.005 90.00
13 Chi-Chi, Taiwan-1529 0.3 X 0.005 90.00
14 Duzce, Turkey-1605 0.51 Y 0.005 25.88
LEWSO S (g5l wlie calps F Jgaa
Table 4. Scaling coefficients of records
No Earthquake S.F S.F*g
1 Imperial Valley-181 1.86 18.25
2 Imperial Valley-182 1.32 12.95
3 Irpinia, Italy-292 2.2 21.58
4 Superstition Hills-723 1.22 11.97
5 Loma Prieta-802 1.87 18.34
6 Erzican, Turkey-821 1.78 17.46
7 Cape Mendocino-828 1.21 11.87
8 Landers-879 4.96 48.66
9 Northridge-1063 0.67 6.57
10 Northridge-1086 0.99 9.71
11 Kocaeli, Turkey-1165 3.59 35.22
12 Chi-Chi, Taiwan-1503 1.14 11.18
13 Chi-Chi, Taiwan-1529 2.7 26.49
14 Duzce, Turkey-1605 1.36 13.34
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Fig. 4. Generalized force-deformation curves for steel
members and components [16]
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Fig. 5. The demand for the angle of the relative lateral displacement of the floors in steel frames with special ec-
centrically bracing (span of 5 meters) - the condition of removing the column and bracing in the first and fourth

floors
BS-cIbl lib (oo (o8l 50 s 19l LAWY il B5-cdbd Glids cnnd (il ()50 yuati 415 LA din
— el el - e e ils PS4yl [ JURCQUCI  PERREC R e i oila e i 4505
32 0.045 0.040 0.041 } 0.035
- 0.04 !
- ! 0.03 0.028 0.028
2 0.035 =
7 7 0025 0.024 0024
5 0.03 1
i 0.025 A 1 B B A
e 0.021 J
4 B 0.014 0.016
j 0.02 7 R & 0015
3, 0015 i3 o
}j 0.01 L
= 0.005
= 0.005 _7.:
-”’3’ 0 2 0
~ i by (ad iy (el b i by (e gy by ek
Ngw 8 L) 95 gy JL) £
< &l

‘ s a5 Bls Sl - ¢ s laib ;5 i Clls — g0 0 Aildd o Sl K6 juti dgly LOWE divs & JSOS
PIRET M2 ) PIR> 9 Jy M) S o (P OO R gl
Jol b 3 dis b -0

Fig. 6. The maximum demand of the relative lateral displacement angle of the 5-meter bay - removal mode in
the first and fourth story

YA



VAT B2 doxio VFY Sl & 0yl DO 095 ¢pusS ol () yes (i 4yl

M-8S-5B-c1b1 & linh o 4150y sLOLS

S-88-5B-c1b1 il gllao 410 s (LSS

9 9
8 8
7 7
6 6
§~4 —h— 5y ‘34 ——— L
3 3
) —O— had- 5 —O— hed- B
1 = el 1 o hed 8
0 0
0.00 0.10 0.20 0.30 0.40 0.50 0.00 0.10 0.20 0.30 0.40 0.50 0.60
(30) 580 yuis (0) 50 s
o !
M-8S-5B-cdbd ol sllao (Ko s LS S-8S-5B-c4bd linbs glhne 500y 5L
9 9
8 8
7 7
6 6
%, 5 is
'3 4 —h— Gy 3 4 —h— i
2 O i, 2 O el il
1 i el 1 e )
0 0
0.00 0.10 0.20 0.30 0.40 0.00 0.10 0.20 0.30 0.40 0.50
(yke) (3180 yis’ (o) (380 i
3 d

Jol aib ;3 5y 9 i Bl I —((5 0 0 Wad) o329 (1,STy Syl L (53Y 98 (LOL ;5 ClIb Bl (Ko i SO Y JSS
ke dib 45 Bl Cls — a3lw Ol —z (Jol didb 5 Gds Gl —jg wied OB -0 o Jgl allb 43 Bis s — 03lw GG -l 0,k 5
ok aldb 5 Bis Cllbs — b9 (wied OB -

Fig. 7. mand for changing the absolute displacement with special eccenterically bracing (5 meter span) - column and
bracing removal mode in the first and fourth story

BS-c1bl Slib gl K0yt Lo diniions

WG 5 mesl S

B5-c4b4 linb 3l (480 posii (Lo ainion

[ RIEQUL Ry I

- 5
0.600 0548 0.500 o
v 0.450 - 0413
; 0.5 0.456 :
3 0.435 0409 j 0.400 0372 (3467
B 0.394 - 3 0350
o 0.400 0.362 ; 0.304
i 1 0.300 0.262
g 0300 v 0250
3 2
0.200
3 0.200 :
3 2 0150
= 0.100 = 0100
0.050
0.000 " - - 0.000
i Sy (i gy el b i i (ad
gy 58 £ 55 g i HUS) 98
< )]

dib > s Cl —dill oo, 9 Jof dids 5 i Gl — (5 %0 0 wilad Bllae (50 yueiS LS Al A S5
Jol dib )3 s b —0 o, lo

Fig. 8. The maximum absolute displacement demand of the 5-meter bay - removal mode in
the first and fourth story

1494



Vavy. Y22 dxbo MY Jl.u) A b)l.e..o AT 0,93 ‘)....S).ml ul)o.c L;“’*\*@(" 4:)..“5

M-8S-5B-c1bl Wliib wigw i s o Lol
—a— i ) —— -, el

i ) e s e ) e as

7

0.00 0.02 0.04 0.06 0.08
(O N o S5 2

<

M-8S-5B-c4bd Wlib wigw wi' i )2 Lo
—— i ) —— e ) ohed J8

o ) e s et ) Jlae s

—es

adb oyl

T N =S

o —

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
(b1 Wgm 3 5 2

S

S-8S-5B-clbl wlinb wigw wi &y Lol
—— b ) —— hed ) (iad )l

o ) Slae s had ) Slae o

K

Ak oylads
B W & 9 oo ©

— W

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18
(O Ngm o5 5 2

<l

S-8S-5B-c4b4 Wlib Wiguy s i 2 Lol
—— el —— had- had

el ) Jae s had ) Slae

Ak

aib o)l
n oo 2

S = W

0.00 0.02 0.04 006 0.08 0.10 0.12 0.14 016 0.18
(Ol Ngm yd A5 52

c

(030 9 Jol db )3 2y en 5 g B S —((g 0 0 wilad) 0329 (51,515 g2y le b (53Y 98 (SLOB WL )3 Mgy (6 2 (SLOET A JSs
oo OB -3 (o )lea Al (3 Bis Gl — 3l OB -z (Jgl alb 1> Bis Gl —0j1g (owied B -0 (Jgl alb > Bds Sl — odlw ClE -
Pl b )3 Bla Sl —0jg
Fig. 9. The rotation demand of the link beam of steel frames with special eccenterically bracing (5 meter span) - the con-
dition of removing the column and bracing in the first and fourth story

il e A S O Cuonndd jd boly o/ 0

Gls cdls (o oy (sied g odlw OB gy gz slaciowd
A0 YA Cp a4 Sgn pd s slold aliy )lhs il
23,5 baly o[ D o [+DY o/ AYY g Lol </ 2)

O il g 3 Sles (B U8y b Ngn y5 b g3 0
» Bla aul s s 4 pylan dib Gls b (D M yn 3l Kgw 45
o3l (B 1> aS dusy oo Sl & ] Sy Hluw polie YL Clib

Al AL et Bls 4y G (6l Camlus 5y L3,

Syio O Aldd—dign yi jid > =V =V
ool (sl (o b ool Hlis A IS (Wl Cond 3 &S ok Lo
hp Ve g5 Slp s (LB Jgl ik Blo b 5 Jgl adl )
o) Come b llae fLoly /oA jle dgas b Loy <NEY L lp
5 sbed— by Se gy Lol JNTF IYAY) slasle Lo @) yie
cone by Gllao (loly o /oY jloxe 3505 L (ool g sl b3l <N
e Loy 4 3,15 35 o GEST (VWAY) lezslos Lo &l e o

9 o[+YY o/+AY ﬁ‘ﬁ Cui g A elg u_m.o> dl.bu@ )JALQ.A ){I).g 93 )I

ar.



VAV YA+ dio NF-Y JL\» A o)l.ow: PAI 0,93 ‘)M.g).:.nl ul)o.c L;“’J‘-e(" du).mJ

BS-c1b1 linb wigw yi Gid 2 Lol dipdions

— i — ol S —————l ) lae s sad ) Jlaa as

018
: 0.161
4, 016

0.134
. 0.14
LS

4 on
3 01
3008 oomeeeeee

0.071-
3 006 0.050
3 004
200
0.02
0

W p5 535 £ 98

0.083

BS-c4b4 Sl Wigw i i y2 LS diiun

— S S 6 mmmmme ) e i e ) e 2

016
3 s 0.138
& 0.12
Y oa 0.095
3~ 0.08 0.072
X 0.059 0.061
3 0.06 0.052
3004
2
0.02
0
ol i gl Sy (ohad

Wgw 5 5l £

<l

Jol dib s s~ o0 e b i s il 0, 9 Jl dllb i Sl — 5 ko 0 a3l Cliab Wigny 103 b y3 LSS diwing Ve S5

Fig. 10. The maximum rotation demand of the connecting beam of the 5-meter span story - first and fourth story re-
moval mode

B CL-3 Josr 5 osis z3 [YW]FEME 356 Josdljgis ollas
alols 2(CP) s y9,8 wiliw] 5,Slas o ybdly +/+0 Hlado b g 13,1
Syl ob;

L pyleer il Bl b )3 (el = (b Sign 15 sl £9590 ]
Lol cosl 4355 cpl 5 B le (s (Slo S0y ) Lo aii
2y os 03900 Lol o/ WY dipin Jlde b ol ddl Bl sy
ol 03,8 402 LS

o3l Sl 3)50 )3 ofag (ied B sl 0ad plgis Cllao anl
oY Lol dinin b pied Ngn w5 pa polie o )3 g Co oo
CP 5 Skae glaw b 20 363,530 LS 62,Shae o 33
Gl odmlie BB cdls g3 p2 2 VY 5 V) 0 a8 cqdge 1 )bdlold

ool CB (gl Bl i (Sl e yuw agly L oy ik
Obaly /Y g o[ Y iy pyles g Jol adb o Gls s 40 a0

Bl oo (ohed =Sy Ngn i bgye

e=Ym gy 50 A g0 SO L e s awlio -£
bt b (o 4 ;U Jdod cod
cos gljy odigyiin o Cumlus Obj)l 4 cwnd ol
@l o525 61,55 stinylae b (e3Ygh slasl (gl wilas Jsb il
By L Ngn 55 odales & (5t Sy Nigm 55 g (ke A 9 B sagb

P9 oo 4Bl A8l oo (o5

B las b oy (aod S )3 (b )iy L g 5 A2 Lo
JoVY 5 /e AY polie b plas 5 Jol adl o Gls s 40 5 ()
Bl o Laly feA jlre 039050 > olag] (WSU Loy

2 Ly polis 33)5 o odmline Vo KB 3 &S jsb len L
i d e bl g Jol Bl Sl 93 )3 Loy 15 (oded )13
03,5 youe ybdly +/+Y jlowe edgasme I Loly /5 4 VYL ly
Loy ool /o) g /oYY ypolie pbad — iy 53, gl g ol
ol Lisucols,
S O ailax= JBle (s (Sl (e oS gl Y Y

ol 3 Shes 5l Gl JBule (s (Bl (e s gy gl
y a3 VY o s il e et gl i Al
 peS polie (ohod )13 b Sy i Lol 4Ll dg2 b Glinen
ey polie o2 g CEIES @i STl o (2B 58y Lol ams e LS
(e g o3l OB 93 1 53 BEle (o (Sl e s glj LA
SN LY Gl psles g Jgl adb Gl s g0 3 g 0
Sl gyl 3 Slas Hlaly /e /Y 5 Lol

Gl ook ol 5 5 g il Bl el s
20,5 o odmline  Suolid

JESLe (g ol IS et 5 SO oSl i 15
2 e g (p s J1B) £ 93 2 53 0hg (ohed ol
(LS) "l imal 2,8kae oo (3l /0 ) jlore e395x0 53 cligyy

2 Collapse Prevention

14y

1 life Safety



VA YA doxio VYV Jlo A ojloud DO 090 ¢ yuuS yuol ylpas wdine &y il

M-8S-5B-c1b1 sl ;5o (camnd (il (S0 yud 40915 (S LSS S-8S-5B-c1b1 &l ,E Nl s (il 50 yundi 4yl LSS
el ) e phad ) il ol ) — = CP 2 See g LS 2 ez e ) e Pl ) e Bl ) e CP 2 Sdee gl LS 2 Sdee mha
9 9
8 ' 8 '
i i
7 1 7 \\ |
i |
46 ; 46 ) ;
is | is i
3 1 R 1
g 4 i -3 4 i
3 | 3 i
2 \ ! 2 \ !
1 e : 1 :
0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.000 0.010 0.020 0.030 0.040 0.050 0.060
(Bb31y) HE Wl (s (iler S0y 29 (B131) EWle (o (il 0 ks 41915
< <
M-88-5B-cdbd b ,Eusilo o (il 350y 915 (LSS S-8S-5B-c4bAcslinh ,Ewilo (camd (il K0y 41315 SLOGS
— ol ) e e ) e el ) - CP 2 Sl gl LS 2 Skee ha ——— s ) e Bad ) il hed ) mm e CP 2 Ske gl LS 2 Ske zhu
9 9
8 ' 8 '
i |
7 : 7 i
6 i 6 i
N 1 N 1
1 i s |
3 4 i 3 4 i
3 i 3 i
2 ! 2 1
| i
1 1 1 i
0 : 0 !
0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.000 0.010 0.020 0.030 0.040 0.050 0.060
(b)) HEwle (camsd (sl 150 i s gl (Bb313) Bl amss (snilr (550 i 1913
3 d

9 (g Bia I — (5 5% 0 wilad) o329 (61,519 Gtz L (3¥58 SO 1> L JEile (e (ole (3SR yudS gl (SLOS 1) JSS
<l - oalw u@ - 4J9‘ 45».]9 ) d»‘&-—dl} —b‘}'.&g M u@ - ch‘ 45.~]9 ) Qi cdls — oadlw ul§ | ‘P)LQ% 9 Js' dja.]o » ..\.U)LQA
ok Al 40 Bl Clls —0jg (oivod Ol -0 (o lha dlb > Bis
Fig. 11. Demand for permanent relative lateral displacement angle of stories in steel frames with special eccen-
terically bracing (span of 5 meters) - column and bracing removal mode in the first and fourth stories

B5-cdbd wlib jEuik 5 om0 it gl (LA alniin
BS-cTh1 Slinb 5 5ile (s ol ({5 s 115 (5SS ks 2 ) S (P OOV e Ag)) § ]

" s s : — i — L LS
— i — s .
] 003 3 0.025
.,., 0.026 3 0.020
T o _.i 0.02 0.019
2 0.020 0.020 y
1 on J
It 20015
=] K3
o oois 0013 3
i) 0010 ij oot 0010 0.010
: 0.01 A
l_l 0:008 s 006
E) X
3 0005 a3 0.005
5 2,
3 B
3 e b i (Phad b, R o o e
= . s ~ o ruad iy ) (el b,y
Nigey 3 ) 95 ‘ s
Sgm, i 35 £
< <

oy dib Bis Il il (o, o Jgl diab s cla — gk 0 wlbd Glib LEuile e il K0 sk dgal SO Al Y S5
Jol dib s b 0

Fig. 12. Maximum demand of permanent relative lateral displacement angle of the S-meter span story - removal of the
first and fourth stories

Vary



VAV YA+ dio NF-Y JL“’ A O)Lo..w PAI 0)9 ‘)A.AS).:AI ul)o.c uw.\...e(c du).mJ

WS (o0 55 1) (S (el (Sl e o igl) sk

03ig) ey (st Sinl B &S sl Cupenl Pl 550 ol 4 g i
E9o90 1) 28 G Shom gde )b cudl Jials 5 (loj)
29059 $LSly Gainlee bojag (oded OB nl Clib > oS
2 a5 23,5 e odbline WSS (5) Cuomd jd p)loe did Bls s
wolj slolis boly o/« +V Jlude b Jol dib 1> (6y20 0 ailas b O )]
Candg baly /oA L (gyi0 A dlad &4 Cans d (b 1S s
i dibs 5 )l Al Bls clls g ool CB o Ll ) s ycwle
4B gyio A g O &lad (gl boly +/e oV g o/ YA polds b (7 Cuond)
el Sy ol

soailes bogg sl Sy chin)laen L oo (odied SlooB )l
5 gl jloxe dgu Bl Ll 93 )3 (g 3te Sy W 5 b s A 50
23,553y 1) (o (S (e

LU gl il )3 a)lee g g Bl Sl 3 g o3l SB 5
dals Gls b > 4l peud 03 )5 0 sl ol dids > (Sl
@ G B Al (il (Sl e o gl Lo dinie )k
Joie b gyze A lad b gldlasMe BB GMS] bl /YA 3

Syl ol +/NF

Sroh g0 sladlad 3 Mgo w0 (i dwlie =V =¥

Job sly e A g 0 slaailes )3 Wgy i i3> LS duslie
) i > i 8 i AU (VFF S5 ] ) Iy i
Sloxe g1y (slalanSla b5 M) bsl, H/YAY 5 /Y ppolis |
Dyly by yldy boly /A

b Glo bl oy ISy sa)lee Loy (s B
(W 5 © Ceond) Wil Sedlesy @jgr Ll e 0 ailad (4l
Wlod &y G (Ll [ AY 500 4 (6168 Ay Hlade (glyl> pieen
e 3l coyie O ailad polie ] )3 g el boly +/+AY Jlade b (g yie A
s g 5 50 (gyie A alad (0 Lol S o jaue o/ A jre iS >
Jde 1 baly o/VeF 5 +/4qY polie b i8 s clold ande «is

Caol 03)5 youe bl </+A

yary

Blas (e ju g (o (Sl e S Aglj Lawgie dunlio - ¥
Sroh o d sladlay

S5 Ngm 5 bokg 1Sl gyl b 9V 58 QB 9> aulie
Wog W sl JSis 3 o8 j5b plon (syte A g 0 slaailad 5 gyt
e OB (il (Sl e o gl LA i 258 0 onlie
Pl ey el g Jgl dib Blo b 93 ) (g A dilad L oy
g o[V aiin polie b (oo O il I iaS oLy «/oVY g < /MY L
Copd QB (oo By g Ll |y g0 nl ol o)y +/NF
b ply pded (B @ (28 0)b 5 S Cpge 4 ]y B ST
Dy daled ) dlal,

2 dob L alatie" i) los T dttiuz¥l Joo B (] o o8

E a5 bl 5 cosl coli 45 OB glisyl b ply o)b 5 Job il e

ol 4 a2 b wdb o ghaiio (bl (los e adlge LS Cawl Cob 35

9yl e Cplpl Gl o 051 it syt A dilad b QB (e

(5 5iaS ommd (o5l IS0y gl o Jd 41 g 1S il (S i
Cably dnlgs

Al amys o QB g (5w ¥ odal) erasi b g polesl oSL,

s yio A alwd 3 gt ooyl las &S oo alihe Gl 4

ol (6530 O Gl 3l iy

24E1

J9]o e » .\ia)f RS [Y\‘—YY] 4538 oladss FRIIRYC NS
s ol e s dolj ials cel i dade ol ol dlad
g Cuol (350 0 &lad 3l 55,5 5 dlul (520 A il o Conl o 0

it gl ol &5 sl w5k anihs S 5 las Jgo o> 51

A dlad & ) amis ol @ lgiee 2l dlay Jobo (il 81 25 )

1 Elasticity Modulus
2 Moment of Inertia



Vavy. Y22 dxbo MY Jl.u) A b)Le..o AT 0,93 ‘)....S).ml ul)o.c ww 4;)..“5

Mecl-clbl&linh o il {50y 41315 LS S-el-cIb IOl (oo (il oo redd a29l; gL

9 9
----- O iS4zl
S O St ,&A»,w‘*a:t 8 Dl ot il
e oamad (il —— ke 5 4l
7 e S 7
—— 5 e 8 4lla.
6 —— (5 jis § il 6
E 45
R 3
—3 4 >4
3 3 3
2 2
: l \
0 0
0.00 0.01 o 0.02 0.03 0.00 0.01 0.02 0.03 0.04
(BL31)) (o (il B0y 20413 (54315) (g (o5l 0 i 42913
- &
Meel-cAbdslinh i sslr oS0y 41915 (sLOG S-el-cdbdolib i (il (K0 judi a1 gl Ll
9 9
""" Oy 450 ) mmmms e PSeoaial)
8 Slae o il 8 N S s
—— (5 e 5 adlad —a ke 5 4l
7 7
—— 5 e g adlay —e— 5 i g ala
6 6
_{ 5 3 5
3 4 >4
3 ? 3
2 2
1 1
0 0
0.00 0.01 o 0.02 0.03 0.00 0.01 0.02 0.03 0.04 0.05
(6131)) (o (Al G0 i 4195 (U31) (o (il (0 pas 19l
> &

i - (m=leg oA 50 ailas) oag 5151y (sk2) oo b 53V 93 (SO 13 ClID s (ol (K0 i gl LS Y JSLd
Ol —z Jol dib ;5 Bl Cla —0jng owed O~ (Jol dib 45 Gl Cla — a3lw O~ 4o,k 5 Jol A > Wiyl 5 g
o,k alb 43 Bis Cls —0jg (oiod OB -3 (o, alb > Bl S - odlw
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