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Effect of Soil Structure Interaction in
Seismic Response of Dual System

Abstract

This research deals with the study of the effect of soil structure
interaction on the seismic response of dual system, being the most
used system in Syria, by studying the linear dynamic behavior of
these system on a surface bases. Both the soil and structure
elements of the system were modeled using SAP2000 program.

The research methodology relied on a reference study to calibrate
the model and then conduct a parametric study according to
parameters, number of floors, earthquake frequency, soil type, soil
modelling method, to see the impact on the overall response of the
system, design forces and seismic response modification factor. The
study showed an increase internal moment in the elements of the
structure and designed sections compared to fixed base. It also
showed the need to develop cods for the values of the seismic
response modification factor, which is affected by several
parameters per structure type, including the number of floors and
the type of soil.

Key word: Dynamic Analysis, soil-structure interaction, Dual
system.

12




ma A 3 gl dads 2021 ple 16 24l 43 Alaall Gad) dnaly Aaa

o Liliiolly dy pill g Jalusioll Jelasll yyfiis
d LSl Jooll dall3l311 dglaiaall

tdadia .1
Linall el Alana) of e L) Gl e sl J<0 050 i
A Ay sl 1Y) Ll cAslsl Ala 8 aylati) e B Aylia 4530 vl
A0 Ul e ddling 6Ky dleaaloan il Land) dlaial (la Al s
e Lially 4l Jaliial) Je bl aggia ()5S0 WAl ae Jaliial) Jelill dags
Grs Al dnder Gyl st Sy - el 05y (Sally Mdaal) Jelidl)
el Jolas e adiasg (Direct Method) s luall Akl ¢ vl (yiyy 1
Substructure ) Liiall e Jawdl o 3al) day)dag 3aals 55lady (Lite — 4,5) dlaal)
Llai) aent Lt AIKN Al (4505 cilghadll saastie d4pla a5 (Method
gl adll ghas Al 8 age 3 53 Joliall Jelal) iy . [10]clshaal) S
3] Ay Aalel) clially Alyshalls
p Jabial) Jo i) godaga gl AN Gladl Ly ) danl 1.1

Llai) e Jataal) Jelall i ds Al ) Sl e aaall clsl
el linal o Jelall [13] il & opdll 5Ly & 5h 288 45l Jeall
Galyl) sl Al DI Jleal) 53l coas ad) Jlaall & oyl
o Gald) 2 (Sap2000) gebin g ol ()85 ¢« (Matlab) geliy aladiul;
LS el sl s 8 L JAT (ppempalll Jalail s 3 dpalae Y1 eV |
vie VAN sy & Al YY) alidsls Al daall) YY) sal) Laa
Ay el (i Ayl gilal) il LAl Wil g dalinall Je i) o
0.2% Jua

13



ubdll huldl ae ladl daae sl Gaped 2021 ale 16 23l 43 alaall i) dasly Uy

e Sl B AN e Gl sld S Jsa bay [B]Au)) i
By cobaall s aagi 8Ll s s ol sy i) alesall il
(PML) dsldl) dalall 4,k (Far Field) sasased) iyl dilaie Jiia )k
b)) dssin Jas e (non — reflecting boundary) dalal aaall 45yl
bl ol L Adhae JS8 G (385 Bulshall Basia (el (hhang iyl Jesg Laid
tise o Cining LeS 1% Ay gac @) (il Jash (5,40 odydall o Ayl
oadll Cilase deyu g o aliia ol Ala b Jemdl) oo Llg3l (8 il (s
Ayl Ala 8 olsll 35 (Vs >300 m/s) sl i 300 gslas sf ST Led
G5y G (Vs <300 m/s ) 4/ sie 300 e S Lgd cilagal) Aoy 4y 5l
oS Lo il saclall il

Al s e 3l 12 28 add  ABGY Jalasl) Ay [4] daad) 8 a5
ey Gl Jalaiy Al e g s A0 Alasly Lanalls 450 e Jolgial) Jelil)
Direct ) 3yiluall Z,kall (385 450 s o Altadena) Ll JIly i BEN
Galdl ans .(Sap2000,v19) Jadail) zaliys ass¥) 2580 alasiuls «(Method
Erm Ll A (et pe A8US) Alay Al ale JS Alaiul) s 5ol
Y(39-128) (e alall Cal i) 3aly) duws Cas )i

ol Ao Lasally 5l o dotisall Jelall 536 [5] dsmayal) duball sy
Gl Ak e o Gal ghaa ase Al digin @lblh) @il 16
Al e g )3l Ayl caeadind LAl Jial (Direct Method) syaill) 45l
Ay B daw d ey apls dilai el sy (LS-DYNA) malin aladiu
Crpm AEGS Ala ae bl sy 1(0.099) ) (PGA) 55,A g 5las (iagias
ol iy Lt Al A0a aliadl aa gy sally uilall Cahat¥) o aay
s Ll YY) Ji sl (2) 5 (1) JSEY1 00 . %(72-51) o Cangli sty
&l s (4)5 (3 )J&chmjjw\ddm@hcaw}uu\ il
I Gl aay BB Jasall 281 $S5al 5 Amanyal) dall sl Calyasy)

14



ma A 3 gl dads 2021 ple 16 24l 43 Alaall Gad) dnaly Aaa

¢ Ageanall Ayl (385 45 Cilialse (1)dsaadl . (EI Centro (0.09g)) s i)
o2l aid il (4) 5 (3)dslandl Ct Qs el zasadll cliialse (i (2) Jsaadls
gmasa) Al b salls el

. 4m 4m im

LY

4m

I 4m

4m
E——  W——— l’

B9 Augptall Alaall g B 7 igal (2)0SAN st Alend) Allap Ll 38Y) Jabocal) (1) JS2

Laaal) A Ll Al 3y

shaaaall Aupal) (38 Al clialga (1)Jgead)

?hfa wall) clage dspu | Ggmlss dpd wj‘ S.?b
;DJ; Description ciagl) Shear Wave | Poisson’s Weigrf]:t(p)
OI - -
Velocity(m/sec ratio
Profile y(misec) (KN/m3)
SB Rock e 1200 0.3 22
Sy dlle ABUS )3 Ay
sc | #hAe l 600 0.3 20
Dense soil(asiiiss)
SD Stiff Soilita 4.5 300 0.35 18
SE Soft Soilighk 45 150 0.4 16
Lnapal) Apal) (389 (ugyaall g 3galll cilialga (2)Js2ad)
Jalaal) Qagdl) Miid) Asban 0.15
il shal) 230 16 M Sumasll dag) | 0.3%13%13
Y 5 Xolad¥ly ciladdl) s 4 dall ¥ gaall | 2.5 KN/m2
Mo laiyL daidl) Jgh 4 Gl ¥ gaall | 1.6 KN/M2
Ml g ) 3 Caaldll (3o 0
Mkl ASlac 0.15 Ol ke M 20
méesy) sy Gilgh &N a3 0.6%0.6 | waslldagia | Fe 415 Mpa
. . s . aaal) G5l
MBaes ) dlagi Gilsh S GH0.5405 | T J” 25 KN/m3

15



ubdll huldl ae ladl daae sl Gaped 2021 ale 16 23l 43 alaall i) dasly Uy

. x 4 g 1 Jalaa 22360
sl Al *
M gadt alay 0.23%0.23 gl KN/m?2
Ol ¢ guad g2 A 0.15 Ladall apads 5%
4303150 ddkaial) Zonelll PGA=0.09 4 AN el 7%
Aug aall Jaad) uk; aga Jﬁi Jiy 4.\;5.: uadl) @.jﬂ Agaa pall Ayl Culla (3)d34@3\
.| E¥ Base shear(KN) i) (ail) ‘?%m‘ _‘"‘” @ A
s Ll g5l ) Variation in base shear%
b“t"d:eng Soil | Without SSI With SSI Due to soil
YPE | iype | dubie delit sy | gibde gelis g T o
Frames SB 1242.8 -51.13
and SC 688.83 -72.91
shear | SD 2543.20 390.18 ~84.66
wall SE 520.24 -79.54
Lgpaal) Jaad) o Al i JWAy) A Jsal) all Agmasal) ) guitii (4)J saadl
,.a.uhl_" ) gl .. . . . .
; - : (& 3
sl g *&’“ Natural period(sec) Varl_atlon O “_‘m ;’3 A
building L in Natural period %
type Soil Without SSI With SSI Due to soil
type | Jige Jeli gy | Jobde Jolit ga A Gy
Frames SB 1.64 3.63
and SC 158 1.73 9.43
shear SD ' 1.98 25.04
wall SE 2.41 52.58
16 3
15 } =——O— Fixed
14 N
13 ' —o—sb
12
11
10 | —e— Sc
- z o9 N
) { s s
<_:> ’ i I \ = - j——sd
8 Ml 184 | ! 6
% I ' o —x— Se
; 4
Time(sec) 3 Permissible
1 deflection

000 005 0.10 0.15 020

Deflection (m)
iy all dgmasal) Aupal) il (3)Jsad)
PR

O]y ABLY Jaaall 488 A5l (4) S
(El-Centro (0.09g))

16




ma A 3 gl dads 2021 ple 16 24l 43 Alaall Gad) dnaly Aaa

:ad daslal) cilEblally AslisSe AN Alatad) Jad Jalra iy 2.1

($sima 2083 L B ppeatl ol n A Al Jiaes (sl 2ny
25 e Ll 508 ey iy 311 (DA 28LERY) ALalal) 8 o8l 50l
I gl aparail (558 Jlis) anhasiad wing (el e bl PIA (e 25U
ISl 550 85l GBI 3305 58y 20a83) ilny

ciagliall) Aalay) il (ailad PLA e Julaal [2] ATC19 35S Cije

cseranal e lS aedilly agly (Lol axe Ay die stadll

R == RSRMRR
: Rg (Over strength facto) 4agliall .45 Jalza =
Vy
Re = =—2
S Vd

sdaldl dpgaatl) adll 38 Vy: o(KN) byt g suadll vic il 58 sl :
Daie dleall wlad) 550l ey Tt o(KN) 5yae [1] Joia ppeaill a5 (4

:R,, (Ductility Reduction factor ) dsglaall (a5 Jalaa =
n= A’Aﬂ deslaal) Jalas
((Ru=1 ” T < 0.03 SEC

R,=y2u—1 01<T<O05SEC

Newmark and Hall: { R, =/ 2u—1) + 2(T — 0.5)(p—+2n—-1)
05<T<1
R,=u T > 1SEC

Jugl :A), (M) Aghall AL St e M Ay el JUEY) 1A,
.(1) 35 418 : Rp (Redundancy Factor) il ase da)3 Jalaa =

17



ubdll huldl ae ladl daae sl Gaped 2021 ale 16 23l 43 alaall i) dasly Uy

rhgallad) clagSl) Gamy (o Aglaia) Jaaes Jalaa add 45508 3.1
o g5 IS LI Laiay) Joans Jalaad 52y A48 Aad Dpallall 2ol caath
e s a6 e Vs e s5ial) dalgall e 6 od ST Al Alisyl Jeall g1
eomd) 35S0 3 5300 AN i) Jaet Jelas a8 (5) Jsaall sy cdind

 [11], [B1[12] Asalladl oSl iany 5« [14] (g5

Talal) 359 sy gl ) 4580 B BB Tlaay) Juons Jalaa o (5)J 508

R dag Llay) Al 3580 and a
(dsaad)) Asdlsal) 45y al
5 (%25 Laalocs Loy Aauigin e} + (b (i) 44l Alaa
5.5 (%50 Laalowa Lyuy Aauigia cilla) + b ()paa) Al Alaa
(%25 Laalows Loy s el + (ab () 4l Alaa
(%50 dadlows dyay Lals eyl + (o )aa) Al dley il 3l ’
3, ghaall AsdlSall 48, all 2 ala ¢(g)pmll
5.5 (psiadd Laglia Dnuygia it dpale (o )aa) Al dley
6.5 (paall Aaglia dacugia o+ dsglaa (b (la) Ayl Aley
7 (posad) Aaglin s\l il doglina (yad (hta) Auildi Alex
6 (pasadl Aaglia Lald il dle (ab () Al Alaa
6.5 IMRF g (b ciaa S 25
8.5 SMRF g e ()3 UBC97 2
4.5 OMREF g 4sglaa e jaa
5 SMRF g dsglaa b () g 358 3
3 OMRF g dpdle (b ¢faa 151893
4 SMRF aw &le (ad ¢)aa
4.5 Ao glal) Aacugia (Oad chaat b)) Ll Alas | i) 40 4
p gt Aulle (b pint i) Al e New Zealand
5.85 (0 chiat i) Ll Ales asas] 253 5
5.85 paiall daslia dsilud ) Europe
R:Fé.og e 1R.3 R4O pasnll Aaglie Ao sliae )l R
35 14 | 25 | agll daglia desthal) Alnesia il * Japan 6
5.6 16 | 35 Aoglae b i (NBCC)2005

18



ma A 3 gl dads 2021 ple 16 24l 43 Alaall Gad) dnaly Aaa

2.8 1.4 2 Ao glhall dagia ab s
Aat agjall daglhe el g S 5Lk
2 13 | 1.5 | T eiieteclib)s
(o

s s .2

e Aadan alulul e 2500 Jaall Jadll Spalall ol lad) Al Ginll Cagy
A el g slinally Ayl o Jelall ik Jlay)
LAyl yualic 45l s L gall Auhall 2 35ad aa sl = 35aill 5lae (@
(el bl cgaclE (¢ 50) At
«(SB, SC, SE) 4l (e gl 4D i cilyiia 3ac s 5k Al (b
Al Giliialge @ld 4Bl EOaw AN ((4-8-16) Galshall 2ae i
Appeail) Al e @l QulSaily ciglalal) gl e
iams Jalra and e Lanly ayll o Jolidl Jelall als duln (C
ALl Clyaiall 335 4B Al
réaagl) kg Alge .3
(2)dsall G sa LS ¢ [5] dmapall duhall 8 53,000 alsall Cilbialge pladind
:(SAP2000,V22) galip 8 dalaill A dardicall yualial) 1.3
dgylal paaliny 3ilgally saecY) dalel coa tA8LEY) jwaliall Aalal o
oyt AL ASlews 49)38 palinS panlly (alll ghass UL,
eVl o Jsaaall 3y iaally skl s5iwe aie (Diaphragm)
(Gsia S Ayl
Laduiall Ay 3l Al Andail (SONid) jmalic alasiu) a5 4l Aqdad o
Ledac 5 Aakiidall 4,530l 2l ¢(Direct Method) 4a;,l i (near field)
gl g Qa3 Jgil e Srasll aje JBiag JUad day)l oo
35 (Aaadaliy drulan Cilaads) Lalall 250all (far - field) 325220
st Ol 3l Ledagss 5 il [9] A 5a)lsl) cliDlal
Cus Ts = pAvs 5T, = pAyy
19



ubdll huldl ae ladl daae sl Gaped 2021 ale 16 23l 43 alaall i) dasly Uy

- |__Ea-w __E _ E(1-p) _ |
K= Jrarma-zw 2 ¢ = 20w 2% = (parma-zm ° % = \ﬁ

Glage Aoy VS 5 omlaall oladYL dedall 1 TS 5 alalill slatW L 2edal) 2 TN

dalial :A 5 (M/seC) (L) Aoyl Slasall 4oy :vp 5 (M/SEC) Ladl
(M?) dyaall 338a)) Jga jualiall paead 4K

(Substructure Method) Lisal (re ol o3all A8y, 8 G5l dade o
[7] Vewad Al liBlall (pe Ciia 20d%5 A0 <3 (liNKS) palic alaaiuly
(6) 5 (5) SV s - (6)dsaad) 345 Spalinll dpedilly ADuall a8 1S,
Al dade ik 33y sl o3l

ASalipal 3padilly Aal) cDlslas 2 (6)J 520

dynamic | KX | KY Kz rx ry rt X cy cz crx | cry crz
in | 10 © © o | = < < < < <
Sbh o | o o ) o o | © ) ) ) ) S
+ F + F T T F T + ¥ + ¥
2 ‘ w w w w w w w w w w w w
aul © o © o o < ~ < o n < o
is e | | S o] ® v N N n a o 0
pfas sl © [} o0 - - - - - - N ~ ~
n wn n wn n n o o o o o o
. o | © o =] o o | o =] o =] o =]
SC Al F F F F F F F F F ¥ F ¥
- w [*7] w [*7] w w w wl w [*7] w [*1]
T v [=)] [=)] o (-] - (-] o 2] -] < ~N [<2]
AT T S A O O A O I T T B R
-l L] (] < < o o o < (-] ((-] wn
0 o < n
. ) ) )

Seedd |8 | s | 8 | S| 8|S |G| 3S| w5 8|S | =

o wn
P | P 0 [ o -l wn < [ (o] o o0 ~N
plcisd | IR | g | m| §|g|o | ™ b | S| ™ ~

Al giall Ayl Liatl ¢ 354l (6)JS Bpdiaall &yl L)) 7 3gall) (05) S
20



ma A 3 gl dads 2021 ple 16 24l 43 Alaall Gad) dnaly Aaa

aldiuly Substructure Method Laiall ¢
.(SAP2000,V22) gabiss

gl aladiub Direct Method
-(SAP2000,V22)

1 plaall 735a52.3

Lmapall Ll llaeal Gilas (SAP2000) geliyg alasinly (Gl 16) st 7350 5 L)

ae b aa (1) JE) 8 el Tl cld 250 dlaad) 1 Gilshal) dae
Lpapanail) 2 (7)dsall L Gilska 4 —3ilsha 8 —3uda 16 Gulshall
g el Galshall eVl 6 Jeall
Y 5 (8)dsanll 8 s 58 LS . iliialsall Aalie 210 s 4D
- (9)5(8)5(7)
<355 (9) sl G (1) Jsand) 8 Gae 58 LS Ayl (g Adliie gl A0
(e Liie —345) zasaill lisa

MY 2y 3 (14) Jsaad) 8 syleall il cam ol ¢ Baall 5 plaall [5]

D Adanl) oz dladl) Chag 3.3
b3 (Sialin Jilas ehals [8] 4580 ahasiinly Abilas = 3las e 2 Ag¥) Al pal)

lead ao Leilie PR (o pualiall 8 35i5al) Adalal) il o ey 55k du))
tA el 35 35 Alla b

Lugpaad) Galshal) Nl b Jaall Lpasaadl] 2 (7) Jgaadl

Galshll 2 Gilsh 3 A Gilsh 3 3gd | Qall) s dSlaw

4 0.35%0.35 0.35%0.35 0.15

8 0.40%0.40 0.35%0.35 0.20

16 0.6%0.6 0.5*0.5 0.25

Szl (8 dariioall el cilicalga (8)Jsand)
L) 53d) amd e vafea
Northridge Erzincan El-Centro

0.87g 0.42g 0.32g e a ) gLl
491 2.76 2.16 (HZ) shsaal) 3353
14.94 20.77 30 B aall
U.S.A Turkey US.A 3l Gugan ylsa

21



ubdll huldl ae ladl daae sl Gaped 2021 ale 16 23l 43 alaall i) dasly Uy

0

1994 1992 1940 alal)
(83~ Laie 435) g isalll clisla cilaass (9) Jgaadl
Glshl) e a3l g a3l doa i 53l Al
16 0.62 SB 115 El-Centro 2.16
(0.496-0.744) (9.2-13.8) (1.728-2.59)
8 1.61 SC 5.77 Erzincan 2.76
(1.28-1.93) (4.6-6.9) (2.208-3.312)
4 4.3 SE 1.44 Northridge 491
(3.44-5.16) (1.152-1.728) (3.93-5.89)
04
@ 02
% ;
;TS: -0.2
-0.4
0 5 10 15 20 25 30
Time(sec)
El Centro —0.32g  Jii3 468 45l (7)Jsad
0.6
g 01
% -0.4
-0.9 Time(sec)
0 2 4 6 8 10 12 14 16
Northridge — 0.87g Jii} 4881 45l (8) Jei)
0.45
% 025
g 0.05
g 0.15
0.35
5 10 15 Time(sec) 20

Erzincan — 0.42g Jii3 4689 48,4l (9) Jsal
383 Ll N LA (3 ¢ Ll ALY Aaal ppans 5 :302) Al pal
[14]2 GBalall ¢(gygud) capall 26SI A 5201 8y glaal) ASHELY) A8kl aladiuly
(16-8-4) «yla &S 8 SE 445 aaiag 7=0.250 Al dshiadl Eupa
By zagad o Jsaandl @lldg SE g adaie (o apanaill jLidl) a3 ¢3illa

22



ma A 3 gl dads 2021 ple 16 24l 43 Alaall Gad) dnaly Aaa

—10) Jshaall 8 Gre 58 LS lgalis adalial) bl L lal) apen A o)l A

(13-12-11
tlgasldy Audal) B dariieial) draraail) adliall slag (10) Jsaad)
sae¥ | C1 C2 C3 C4 c5 C6 c7 cs
da) | 30%30 | 35*35 | 40%40 | 40*40 | 50*50 | 60*60 | 80*80 | 90*90
el | 19 15% | 15% | 2.3% | 2% | 25% | 2.3% | 2.3%
%
B1 35*35 B2 30*30 B3 25*25
2'012/20cm
Wl (\f[ [} 1 // [} ] ] (] ] '] ']
LA
2°010/20cm
ik 2°010/20cm i
LJ L] L) L) v v L v
W2 d /
o N N 0 N 0 ’ » s |
/ 400
—— 201020em —50—
8T£ 2010120cm A
W3 (?E 4 l/ ] (] (] ] ] 'Y
/ 400
%0 2'@10/20cm 50

23



ubdll huldl ae ladl daae sl Gaped 2021 ale 16 23l 43 alaall i) dasly Uy

d.il.b 16 Ala gé w\ &E&d\ (11) dj-\@l\

é..nlb 16 ¢\ gJSJ.‘\ 3 gard) gkujl 3 gand) géJH! dgard) | alll jlaa
16-15-14-13 Cc2 C5 C5 W1
12-11-10-9-8-7 C3 C6 Co6 W1
6-5-4-3 C5 C7 C7 W2
2-1 c7 C8 Cc8 W3
1l 8 Ala ‘;5 Aaraatl) ahlaal (12)&3-’9—“
Glsh 8: Ly EOY gaadl | gl gl | Aokl dgand) | (el laa
4-5-6-7-8 C2 Cc2 C2 W1
1-2-3 C3 C3 C4 W2
:é,:lh 4 D gé w\ éhw‘ (13) Jeand)
Gilsh 8s iy g—‘%)-“ 3 gard) ‘;}auj 3 gand) ghuj.“ dgard) | bl jlaa
4 C1 Cl C1 W1
1-2-3 C3 C3 C3 W1

LgidBliag Julatl) milis .4

: [5] Lmasal) duhall aa g igall) e gilis 1.4

Ay Alla 4G Aleall Al 8 Egma pall Aahpall ae $plaall il 2 ) o
a8 Ad g bl CulS L (14)dsaall 8 e sp LeS Al (e Ailide ¢ 153Y
%3 35253 (SB) dgsll & il a8 DAl @l LAl g lsdl JS 8 )
a4 il 38 % (10) 3 Jeas (SE) il 25 %5 25353 (SC) (A5
Al Ula olad) GabadV) 8 asil) (3541 .(%9) 52 (SB) Ayl Ala slad)
ades (%7) (SE) dpll s slall Gilyat¥) 3 sl 500 .(%1) 58 (SC)
sybaa (10) JSa oy L Candl JLSY 4oLl ) (385 7 3gatll aldie) Sipu
Agma el Al g Gyl zdsaill sl Calaiy)

24



ma A 3 gl dads 2021 ple 16 24l 43 Alaall Gad) dnaly Aaa

Loasall Auhall ga Audail) o 3gail) §palaa il (14)J g2

(A)eAthll il At

L,gl.k\ FIN (sec)us (KN)<ilf sl Gl ey =
Al (m) % i
3014
3181
24 g|3<|3 |2<g %’) 1 > !
.. . 1-3 E 3)8 1-3 E ".1)8 z‘3 E o .G!'y :1 | \O
LWAles | 5 A e |30 (a8 |30 8 5 N ,J’O
ol I Yn | < Yo | § 3 117
3 i 3 J | » 3 4% S 3
2] ’Jj
SB 1.64 | 1.64 1242 | 1209 | 0.113 | 0.102 0 3 9
SC 1.73 | 1.74 688 727 | 0.103 | 0.104 0 5 1
SE 241 | 240 520 576 0.18 | 0.167 0 10 7
——de— SB-Direct —8— B-Reference d— SC-Direct
—&— SC-Reference SE-DIRECT —&— SE-Reference
18 A%
L gL
16
14
12
9
:'_1 10
3
3
6
4
2
4]
0 0.05 0.1 0.15 0.2

Laagall Auall ga Gugptall g isaill uilad) GihaT) §plaa (10)JSED

tAglAlal) (gl o duad) cpiiia (3d Aldas) dal) milid 2.4
il 16 zisad Julas milii 1.2.4

tea ) el B S agaad) B AL gaal) o Aual cpiia Ak

DY) s Gadll ohan Jlya lanall SUSYI of Ll Ay Jdas amy o
sayac o8 il AN (58l i Alia &3 AL AIRIA (el Al e ylasY)

2 (15)Jsand) g RGN s & adl) g o)) Gollall b o3l SN

25




ubdll huldl ae ladl daae sl Gaped 2021 ale 16 23l 43 alaall i) dasly Uy

ol (o sl dalad aay SH S aall 8 agyally A sl (55
&2 (SB, SC) a3 &5ldie oy 4y saall 3580 cuzmissl L(SAP2000,V22)
<y e (EI Centro) s i) Ay as (%3.4) dniy Galy Laiw 3V JS
Laysh S BB 2355 Canen Adlide Cauiys 4530l Adla (alids) ae Adall o 5el)
& el lie (11)JSal sy - (Erzincan) olSsyn I ae (SE) 2l 4

AW JST ALYy A5l gt AL 3 ganl)

Gl 16 Al g ptall g igaill S aganll b ajadly Ay saall (g5 quitis (15)ds2a)

54 53¢ Direct Method 5 sibuall 43, kal) Yo gl (5 il

A g yal) — .

o rigid | SB | SC | SE | SB | SC | SE
3al) El-Centro 872 638 626 902 -26 -28 | +3.4

i pau | _EFZiNCan | 3209 | 2778 | 2888 | 2524 -13 | -10 | -21
KN | Northridge | 4531 | 3889 | 3924 | 2350 | -14 | -38 | -48
a® El-Centro 136 141 215 398 +3.6 | +58 | +192

Gty | Erzincan 452 561 952 1899 +24 | +110 | +320

KN.m | Northridge | 633 | 669 | 1082 | 1708 | +5.7 | +71 | +170

= 1 a -l
é_)..- .‘_g.q.!_.- -F= H.u.

2000 1899

FIXED mSB mSC mSE 1708

1500

1082

S 952
A, 1..,..,'..,'
N 561 633 669

- 368 452

135 141 215 I
5 =l
ELCENTRO ERZINCAN NORTHRIDGE

(3la 16) B J<I alinalg Al pos LAl agand) 3 ajadl A3)lea (11)J8a
P (G 16 ) a¥) Gl il B AdA0 il o Al cfpiie pilie

Ll Al (aliddl ae 1ayk iy JS0 aill gy CillaaiY) age g
o & o 5539 psoe Ay

26



Omadla 3 gpal dala 2021 ale 16 23l 43 alaall ) daals Alae

(SE) dwsil 3 (358 dus Sl calS (16)Jsoa) (b mmse sp LS (A8l &)l

(%210) Gllaa¥) 23215 (%207) oad) 3530 (EI-Centro) s suud) Ji o

LB IS Sy Al g DAl ilad) 8 aad) A3)lae (12)JSAN muasy
b 16 Al Gugjaad) Jiladl b ajally palll g5 gilis (16)Jsaad)

i Direct Method 5 il 48y all Vo il (3 A1)
it §ydad) 5 3¢ .
e rigid | SB SC SE SB | SC SE

[}
S El-Centro 17.8 | 175 | 243 55.2 -2 | +36 | +210
CildaaiY) Erzincan 63 73 110 152 +15 | +74 | +141
KN.m | Northridge | 87.9 | 89 | 127 | 137 | +1 | +44 | +55
548 El-Centro 26 25.5 35 80 -3 | +35 | +207
oalll Erzincan 91 106 160 222 | +15 | +75 | +143
(KN) | Northridge | 128 | 129 | 184 | 200 | +1 | +44 | +56

s sdall SElad) (B s dald) 45 laa
160 152
137
140 FIXED ®mSB mSC wSE 127
120 110
3, 100 aa 89
= 80 73
z 63
= 40 55
w© a
24.3
50 17.817.5
" unl
ELCENTRO ERZINCAN NORTHRIDGE
2013330 834

(Gl 16) U555 IS BNy Al poi DAL (ugytall JHlall 8 ajel) Aa (12)J8)
tGlsh 8 gisal Julad milii2.2.4

i) Gl B SN dganl) B SN el o Aual) cpiia Al
LA (i Cua SN dganll B ag3ally dg)ysaall (godll a8 (17) Jsand)l el
s AdBRe Cuty A snall Badll ad et @ilshall dae alidil ae dgenl) @b
oy A yill A0a (alaal) e dndalall o g hall iy (B a3yt Agpill ¢ o
(Erzincan) ¢S5 A1y e (SE) Al 8 Lyt oIS JIHY 205 cra ddlie

27



ubdll huldl ae ladl daae sl Gaped 2021 ale 16 23l 43 alaall i) dasly Uy

Al gy COAL 3panll b ahal) dlie (13)JS8 o o(%440) G5 i
(G 8) Ity IS ALy

Galsk 8 s Gugytall sta.m S agand) ‘_JA andly iy, gaall ggal) e (17)‘}3-\9-“

e 30l Direct Method 5 sl 43, ) Yo sl 5 A

A g paal) rigid | SB SC SE | SB | sC SE
El-Centro 341 350 334 263 +3 -3 -23

3541

4,4l | Erzincan 562 | 531 641 926 | -3 | +16 | +67

(KN)

Northridge | 1409 | 1231 | 1453 | 1475 | -13 +3 +5

El-Centro 38 48 76 158 +26 100 +415

ale
il Erzincan 73 92 155 388 | +27 | +115 | +440
KN.m
Northridge 178 210 350 872 | +18 | +96 | +390
‘__Jﬁ )l'- _‘5.¢I_"1 ___5 ,:/'m_”
1000 872
500 m FIXED mSB mSC mSE
600
400 - S50,
. 15 178 219
_ 3g 48 7© - 73 %2 5 L |
IC S — B L
e ELCENTRO ERZINCAN NORTHRIDGE
A 5150 < el

(G 8) U JS SLnaly Ayl god CDEAL ASH dgardl B ajad) A3l (13)J8E
tGlsh 8 Ala o) Glall jila B 480l el o Aual) cphie il e
il agje Galy dum (ugpaall Blall 8 aally adll (558 (18)dsaadl o
b b A Sl S A Al Galingl pe b qunliy Sy Galll (58
oa-illy (%250) wallaay) 2321 (Erzincan) olsiy 1y a— (SE) 4l
(SB) sl b salyy cons oSl (E1-Centro) s sl 35 el .(%239)
33y St (Erzincan) olSs ) I chel Ly oaill (%10) 5 ayall (%12.5)

28




ma A 3 gl dads 2021 ple 16 24l 43 Alaall Gad) dnaly Aaa

o el A lia (14) I (s - il (58%) 5 a3all (64%) (SC) dsil b
(Gl 8) Wla b Il IS slmaly sl gy Rl i)

(Gilsh 8 Ala Gugnal Silad) b ially o) (o8 guitis (18)J 2

s 30 Direct Method 3 il 43y jal) Yo raesdl) 3 A
Ao g )3l rigid | SB SC SE SB SC SE
El-Centro 16 18 23 29 +125 | +43 | +81
ple
cillaalY) Erzincan 28 31 46 98 +11 | +64 | +250
(KN.m
Northridge 71 72 104 158 +1 +46 | +122
El-Centro 20 22 28 35 +10 | +40 | +75
358
Lalll Erzincan 36 39 57 122 +8 +58 | +239
(KN)
Northridge 88 89 130 197 +1 +48 | +124
Gugotal) Jilal) B aal) A5 e
00 FIXED mSB = SC = SE
158
150
%lon o8 104'
s 71 72
16 18 23 29 28 I
mml n
ELCENTRO ERZINCAN NORTHRIDGE
013130 3 3¢

LGalsh 8 Ala Il JSI aLia g 43l pai DAL Siladl B asad) 45l (14)J8

tGlsh 4 zisal Julad milii 3.2.4
() Gl B N agandl B AIAIAY el o Aual) cpiia Al
85l )y Com (S dgandl (B g hally Aysaall (558l aa8 (19) dsandl ek
Lasas - 3l 8 Ala (e ST g I 25l g0 e Adlita oty A5l
O BB a3y5 e RIS Gy 495l A0a (alids) ae lalAl o g3l
ad) 853k Y sl s (Northridge) zasins JIb ae (SE) dusll 3 s
@3 Ly +(SE) ) Al (%77) Gy Aysnall 3580 8 33L355 (%477) Ay

29




ubdll huldl ae ladl daae sl Gaped 2021 ale 16 23l 43 alaall i) dasly Uy

s5all A3alyys  (%236) dww ayall asalyy ) (EI Centro) s sl JIy)

JS b caline (K& (SB) 4l i yai .(SC) il ae (%154) doniy 4y pnall

DLy JSI ALy Al g ss COAL dgenll 8 aal) A3)ae (15)JSED G 3L
Gilsh 4 Ala S aganll 8 a5all g 4y gaal) (o 58l il (19)J 2

s Sl Direct Method 5 il 48, bl Yogiudd) 3

dug o | CAMTNQUAKE R TR T SE T SE [ SB | SC | SE
El-Centro 35 40 89 56 +11 | +154 | +60

3 5al) .

i gadl) Erzincan 85 54 98 108 -36 +15 +27
Northridge 122 117 | 234 217 -4 +91 +77
El-Centro 10.5- 14 37 50 +36 | +236 | +351

d&i‘gs Erzincan 25 18 43 103 -30 +42 +315
Northridge 36 40 | 107 | 208 | +14 | +157 | +477

gﬁ _)l'- .‘_5.4*.!_“- 9_5 ?_.,"’-.'I'

250

FIXED SB m5C mSE 208
200
150

103 107
100
50 \
- 37 ~ 43 36 40
'{j 105 14 518
3,
ELCENTRO ERZIMCAN NORTHRIDGE
.-',?:I}}'l;lj,s_'l

(lsh 4) JBY S8 aliiadly Lyl g s CMEAL dgantl B ajad) A3jlha (15)80

tGlsh 4 Ala L) Glall il B A8 gl o du)al) cphie il
Al Adka palial aa 1oy Canslity ISy Gadll (5585 Gl agde 5l cd
L) gs (SE) il (o 38 Ao ST sl i (20) Jsoall (b rainse 58 LS
Ay el (%496) Ladlls (%252) willaxN) aied (Northridge) gsiss
(%106) 5 4321 (%30) (SB) dudl 453y e »ST (El Centro) s i)

30




ma A 3 gl dads 2021 ple 16 24l 43 Alaall Gad) dnaly Aaa

Lilia (16) JSal) gy .l (%365) 5 apall (%230) (SC) dxsily ¢l
Jay o an3 Gaale e Teling wGalsla 4 Alla g yaal) el 3 a3ally il o8
salls 32ae S Apaparaill adaliall alaad 5245 Y ashy Jolgal) Jelil)
Gilsh 4 Ala i B ajally el (ogb il (20)d g2
Direct Method? sbsal) 43y jal) Yol 5 A
rigid | SB SC SE SB SC SE

s S8

g sl earthquake

El-Centro 4 | 52| 132 | 116 | +30 | +230 | +90
af:m Erzincan | 93 | 7.5 | 146 | 241 | -19 | +57 | +159

Northridge | 13.6 | 16.2 | 34.7 48 +19 | +155 | +252

El-Centro 3.4 7 15.8 17 +é0 +365 | +400
5t
oalll Erzincan 8.2 9 17.5 35 +10 | +113 | +327

Northridge | 11.9 | 20 | 415 71 +68 | +249 | +496

Gugodal) Jilad) 8 asall b

o
(=]

FIXED mSB mSC = SE
48

n
o

2 4 347
L.
—
30
= 24.1
E 20 I
16.2
-~ 1320, 4 14.8 13.6
. 2.3
7.5
10 4 52 I ™ ~ I
ELCENTRO ERZINC AN NORTHRIDGE
AL 3130 3 3¢

Clsh 4 Qs B IS Al )y Al ged AL i) B asal) A5l (16)Jsi)
g paal) 7z 3aill Alacia) Juans Jalza ad Ao Jabial) Jelidl) 50 Lun 3.4
ilall giall Jolas eyl aey laia¥) Jhases Jualead 255840 Jualgall s a3
eVl & ddaal) 80 cliaial saebuayy (PUSHOVER) s jaall 7 3laill
a3 4l claial (17) JSa) moasy «Golshall 2ae g aliwy) 450 dabial)
Gl 4 Ala 3 (19)J<all; 3lla 8 Alla 3 (18)JSills «3ild 16

31



Gubdll buldl ae Al teaa daulll Gapd 2021 ale 16 2l 43 Alaall ) dadls Al

B sy 5 e aliuY) s S Lol ol 2l ge

=10 g Displacement ot Displacement
8 - 107
123 s 93
647 a7 —
] ] L
564 7]
_' c 3 e
484 2 6] ]
E £ ] g
L) "
43 g 57 g
E P 5
324 o 47 1]
244 / 37
165 FIX-SB |- 27 / Substructure M-SB |
= m R=5.53 a
E [ ] E | | [ | [ [ |
IH\‘IHI‘IHI‘IHI‘\HI‘\I\I‘\IH‘\IH'\IH'\IH \Illl\\\l‘lll\‘Hlll\IHlII\I‘\IIIlIH\l\II\‘\HI
400 80 1200 160 200 260 280 30 0. 400 03 500100, 150, 2000 250, 300 3500 400 450 500 .03
H Displ t
“OE 5 i xl03 Displacement
E 10
727 3
E 9
. -
3 —
543 A
_' 4
4.55 § 6 g
1 "
43 g ] ]
] H ®
E @ H
@ - 11
377 4 / 5
247 3 —
E FIX-SC Substructure M -SC
163 27 -
] R=75 / R=6.5
0.8 173 —
E \ \ [ \ I N I R N
IH\‘IIH‘\Il\l\II\‘I\II‘\III|\II\|HII‘IHI|\HI III\‘HH‘HH‘IIII'I\H‘\H\‘HH'IIII'HH‘\III
50. 100, 150. 200 250. 300 350, 400. 450 500 .5 SO 100 150 2000 250 300 350 400. 450 00 40
an? Displacement '’ Displacement
8 10
727 o3
6.4 a' /4,,4_'
564 73
45‘: - g
E / i !
L] 4 L3
= £ 53 g
327 2 43 L]
243 37
B FIX-SE E Substructure M -SE
1/ R=7.57 1/ R=4.5
0483 1
E | E T
T T T T | N RN AN AR ER AN ARy KRR RN RN
012 024 03 048 D06 072 084 096 108 12 50. 100, 150, 200, 250, 300 330 400 450, 500 xlﬁ‘a

Gl 16 Al 3 sliay) DAY pa ahadl) AU iadally ailal) adl) cllabda (17) Jedd)

32




Oea A 3 gl dals 2021 e 16 23l 43 Alaal) ) daaly Alsa

“03 Displacement ,“0‘3 Displacement
5 5
E 1 E
459 L 457 —
3 1 E
4 4. /
35 35

w
Base Reaction
N
b wa
Base Reaction

257 E
15_; / 1 57; /
i FIX-SB | 17 Substructure M -SB B
i/ R=6.08 | i/ R=6.67 -
EI\III\I\I\I\I\I\\\I\I\II‘I\I\‘I\I\ll\I\\\I\ :\l\\|\|\‘\l\l‘\\I\I\\\I‘I\\\I\I\\‘I\I\‘\I\I‘\\I\
40.‘ BU.‘ 120| 1GD.I ZUD.‘ 240.‘ ZBD.‘ 3ZDI 3GD.I 400 ‘m*‘ 40.‘ EU‘ 'IZU‘ '\WI ZDU.‘ Z'WI ZW.‘ 320.‘ 3WI 400 KIGJ
a’ Displacement xio® Displacement
5 5
45; g = ] 457 —
47 4 A
357 33
: : / :
25 / @ 257 rg
27 g / g
1 5‘ / 15 /
= FIX-sC | c Substructure M -SC |
i/ R=5.64 i/ R=6.76
053 — 05 —
-I\\\I\\I\‘\I\\II\\I‘I\I\II\I\I\II\“II\I“I\I\‘III\ /\I\IIHI\\I\‘\I\I‘\\I\‘\\Ill\l\l‘I\I\‘\I\I\\I\
0 80 1200 160. 2000 240 280. 3200 360. 400, KIGJ 40_‘ SDl 1ZD| '\GU.‘ ZDD| 240.‘ ZSD‘ JZD‘ 3GD.| 400 xl(}‘a
>‘.IO3 Displacement w0 i Displacement
5 57
4.5_; 45_; —
' - . / e
357 354
E c ] c
3] 2 3] 2
/ i 1) g
257 e a5 f
P ] i
1-5_; / 15'; /
13 [ 1_
5 FIX-SE i/ Substructure M -SE
1/ R=57 | % R=5.05
-\IH|\IH‘I\I\|I\I\‘II\I‘IH\|\I\I|\IH|I\I\|HI\ TTTU[OTOT [UTT--y, T T T T T T
0 m W o W % o & S0 6w 3 @0 B0 120, 160 2000 2400 260 3. 30 400 03

Gl 8 Ul 3 sliay) GBS pa duhadl) AU adally ilad) adl) cillabada (18) Jedll

33




Gubdll buldl ae Al teaa daulll Gapd 2021 ale 16 2l 43 Alaall ) dadls Al

zIO': Lo and Displacement
= LE
IR =
647 \ E ] \
] 45 \
55? 473
44 £ €
] I
47 / % 3;
32’; / g 243 /
Hi 152
' FIX-SB g | Substructure M -SB |
1/ R=6.9 1/ R=5.9
0.8 067 —
s ! Pl e ! s ! ! s 7 is! Pl e s ! s ! s e
o® Displacement a0’ Displacement
87 6.4
] ] LT
7.29 54; \
647 T 453 -
; el E \
567 42
40 g 365
43 % 33
32% /7 é 24';
24; 184 [
NE FIX-SC g Substructure M -SC | |
i/ R=7.56 E R=6.63
067 063 I
] B——— 3 | T |
e NN ERRRN AR RERAY AR ARRRE ARNAN RN AR O
10. 30 40, a0, 60. 70 80 90, 100 x10 15, 45, 680 75 90, 105 1200 135 150,
L Displacement m3 Displacement
g 6.
— /f‘
72 e
. 1 el \
§ / 48 \
567 e
483 7 § E
! g 36
L)
4 4 % 37
]
373 7 o 247 /
243 13 /
3 ';IZ;?E B 123 / Substructure M -SE
¥ i y R=7.8
N N e N N N N N HII‘I\I\‘IHI“\I\I“IIH"\I\\|I\IH‘II\I\|II\I\‘III\I
15 30 45 60 75 80 105 1200 135 150 “c‘a 15, 45, 80, 75 90, 105 120, 135 150,

Base Reaction

MG\3

Base Reaction

26

Base Reaction

:IG"‘

Gl 4 Al B Ala) G ae Lbadl) AU adally ailad) adl) cllabda (19) Jeid)

34




ma A 3 gl dads 2021 ple 16 24l 43 Alaall Gad) dnaly Aaa

ALY Alai) et Jalea o cfpiiall 80 du)e 1.3.4

tAgl) £9d ol aa Galghal) aae LAY i

(Glshall aae CBIAL A5 JS i) doaad Jalae aad 45)laa (20) I oy
(6.67) LY LtV s Joaleal 4 ST Glsha 8 ddla cadach o
Gl 4 Uls cubaef Ly . Vgl e (SC) 4yl (SB) 4yl s (6.76)
DAL Llaiu) Jaand Jalas ad caliss g L(SE) 4l b (7. S)JAM N
-d:")-u‘ sy Ayl 5

Gl ghall a0 5 4 530 £ g0 DGR Al B DS Jalaa S g8 (o A fa
= Ru-16-S51 = Ru-8-S51 | Ru-54-551 = Rs-16-551 = Hs-8-551 m Hs-4-551 R-16-551 = R-E-58 | R85

9

8 7.8

7 5664784 43

¢ 53

528" 508

5 45745
‘i ¢ 3.42 3537
ﬂ.—‘.. 3 2.67 2 55
2]
2, 1.93 7,196 ,,1 1.98
= 1 12

1

[+]

SE
gkl s

Ll gl g Galshl) e CDGA) Al LGN Llaiol) Jad Jalaa cilisga 43jEa (20) JS&

t skl a3 ol aa A ol DAY A0

o ang G Gulshall dae s Lﬂ\@sﬁﬂﬁ@&(ﬂ) Jal o
@um,@&4du¢mﬂ\wm@um@wzh@w Jaant Jalasa
il sl JS 8 Al ad cilae G ((SC) Al lacle il 16 5 8 Ala
(Gsh 4 Als 36.63 Gk 8 dlla 56.76 (il 16 Uls i 6.66)

35



Gubdll buldl ae Al teaa daulll Gapd 2021 ale 16 2l 43 Alaall ) dadls Al

gt sae g Ay ) g gl CBUERN Al B ALatu) Jalaa G g8a (s A R
¥ Ru-SB-SSI  ®Ru-SC-SSI ®Ru-SE-S51 ®Rs-SB-SS1 @ Rs-SC-S51 W Rs-SE-SSI  © R-SB-SS1 ® R-SC-5S1 ® R-SE-SSI

7 st 7é
é
”‘laa ]55
I I HZII
0

16S8T 45T Gl skl 3

(RU,Rs,R) &zae o8

Galshall ase oy 4l pai AR Al LIS Alatu) Josad Jalaa ciligla 43jla (21 )Jsid)
sl mills L5

Jlae ae Agmpdal) oLl cilanys aal 3815 Ol 8 s 8 sl Ciasy ®
la) IBY 235 Jlae g Al 235 3355 o e (Lol 5 BB 1 Al 2953
33,3 B8 e amys ol sl Lkl ((Northridge i g (SC) a5l
Ulay ¢ (SC) agsdl 2355 Jlae & GBalsh (4) Hla ) 5l 003 Jlae poe o L)
33el) 23)3 o ae e ladlagig o (SE) aalayll 4l 23)5 Jlas ania 3alsha (8)
= Gsh  (4) Uss (Erzincan , El Centro) as G-lsh (8) Uls )
53l (A VAN IS ol gl At s i sl o (Northridge)
cGalghall aae CaAL Alalall gl

sl Dl (mleai) ae A8BIL A)lhe Jilsalls saacY) 8 A0A agdell Moy ®
4 il & el Bl sal) A ) JBBY Glialses Gilshall aae Calial
il i (%477 a5l 85 %496 73555 I ae SE 5l Gk
Alaal) GligSe Dbyl B85 e @l

Jaa) aie alghall sae s A5l g (AL Llaiu) Jaad Julas sl joas ®
ae galani) aasalll ) Jaaiy Godsal) Alia) ey 45)lae Jalaall Jelal

36



ma A 3 gl dads 2021 ple 16 24l 43 Alaall Gad) dnaly Aaa

Gilsk 4 Alla SE A5l 7.8 culS dad Sl) Ayl 55 o Rilide ady 35kl
(3ib 16 ae SE 4350 4.5 cilS dad sl

oad) 35SI 8 )AL Jeall Llati) Jaans Jalaal aals Lo iy i | ®
Ay dagidag g Li)Y)s deall pailad o laill s (R=6.5 ()5l
aalgll gl (ailiadll sda (DAL, alids 4wl (N AS e s (Aap ol ddky)
LSS e Aleall gl A0 day R dad Clagsl) hayy 6 JGlly Jaad) (g

ileal) adalia Aol 2y i aeatl) il Jalgiad) Jelall a0 Jlas) ay;, ™
LSl AS 3 g by dudail) s

b allaa) Y anliailly luhall aaea 8 dobiad) Jeliil) 556 Jlas) 5y5 a0 ®

37



ubdll huldl ae ladl daae sl Gaped 2021 ale 16 23l 43 alaall i) dasly Uy

@il .6

[1] ASCE 7-10. 2010- Minimum Design Loads for Buildings
and Other Structures.

[2] ATC-19. 1995- Structural Response Modification
Factors. Applied Technology Council. Redwood City,
California, USA.

[3] ATC40 (Applied Technology Council). 1996- Seismic
evaluation and retrofit of concrete buildings. Vol: 1 Ch.:
10. USA.

[4] Bakhtyar, Salen Ahmmad. 2017- Earthquake Analysis of
12 Story Building Considering Built on Three Type of
Soil _Include Effect of Soil Structure." Gaziantep
University. Turkey. 75 p.

[5] Chinmayi H.K., Jayalekshmi B.R. 2013- Soil-Structure
interaction effects on seismic response of a 16 story RC
framed building with shear wall''. National Institute of
Technology Karnataka, India.

[6] Chinmayi. H. K, and Jayalekshmi, B. R. 2016- Effect of
soil stiffness on seismic response of reinforced concrete
buildings _with shear walls. National Institute of
Technology Karnataka, Mangalore, India.

[7] Gazetas G. (1991). Foundation vibrations. In: Fang HY,
editor. Foundation engineering handbook. 2nd ed. New
York: Van Nostrand Reinhold’s. p. 93-553.

[8] IS 1893.2000- Indian Standard. Criteria for Earthquake
Resistant Design of Structures. Part: 1. India.

[9] Lysmer. J, and Kuhlemeyer. R. L., 1969- FINITE
DYNAMIC MODEL FOR INFINITE MEDIA. Journal
of the ENGINEERING MECHANICS DIVISION
Proceedings of the American Society of Civil Engineers
USA. P:859-877.

[10] NEHERP ,2012- Soil Structure Interaction for Building
Structure. NEHRP Consultants Joint Venture A
partnership of the Applied Technology Council and the

38



ma A 3 gl dads 2021 ple 16 24l 43 Alaall Gad) dnaly Aaa

Consortium of Universities for Research in Earthquake
Engineering.

[11] Priestley, M.J.N et al., 2007- Direct Displacement-Based
Seismic Design of Structures. North Carolina State
University, USA.

[12] UBC.1997- Uniform Building Code. Structural Design
Requirement. USA. 545 p

Ll aa) sl

b Alls Gl eliial oy Jo il A —2012) .l 2l [13]
Al ) daanl) A8k ALY Jlaad) 50 cad  Jaddl) Jlaall
Erpadl el agaal LAIHN Aslady) Auagd . eale Al
178: pa - Bhas Aaala. 2B byl
ball (Baty maat —2013 2 Galdl ¢ gysdl ol 2SN [14]
Al Lagdal) cAgysadl Gautigall A LGNS Aagliall cilddally

.u4270 ‘@AJ

39



ubdll huldl ae ladl daae sl Gaped 2021 ale 16 23l 43 alaall i) dasly Uy

40



igalall lad a0 Gi0al Ao iz Bosln 2021 ale 16 34l 43 alyall o) daals Alas

Grailiis¥l Jooll G350 dylacianlll oeaiis
oladdiauly Us‘lﬂ dallall dolatiie yai dlaliidoll
Jusdoll gio 31 Joaull

Canll Arals - Agaall dunighl A ALy Lunigh aud - 28 ait il oe )y Ausaigall 1o) €0 AU
Canll Al — Apaall duigl) A4S — ASLEY) dunig)) and 8 30l - aball e o0 sl
Canll dmala Aiaal) dsaigll A0S AALEY) Lunigh and 8 ae e Mul gasalal) latlus o

pdad) edla
Ila Sl aae cWls et lly Al Jeall @) clind] Lo call o
comiall Ja3ll ol (Jaa  Spalipall Jalailly Jead) sl dlpy 23 Cum ¢ J 58S
On Alie elal 5 ¢ ETABS 1 malip aladinlyy ¢ i) e JalSill 43,k
doagl ekl AV bl iy . Aaliiially daliial e Jeall ALY i) e
Aoyl o Jendl dpaals AIRHI Llaau) jules Jo clindl 3 2 e ol
AU AN Alanuy) sules o il 3o Lgplany ) Bl (e A8y ST e
ALY aae Alla 8 ol AU el el a8 o ol cay L ddidl e
1 e oy A ) (il 58 ity caliiial) el Alla e %14 1 Josi oy
%44 1 daai oy ) JEY) ity (%42
oaibad (i Bl e degene 28l 2 Lllal duhll &5 e lalaels
o5l ADal (o) Jalas Al 8 &5 Cum GABBI LS ulas G Lasal
o 33 Gumy (o) Jelae Lparaaill Zac ) (il 38 A0 5 clindl uli)
oall By bl ol Aad o Al AUl axe adses laie ,EG laeV)
e dpmanl) il diy ST @il ) Jmagll (B el lee chaapanail) el
cgolailly el aranal

Jilaill _ Akabiaall A8La) Jesll - SLay) Adlall WU aae rdgalidal) clalg)
Y LAY ulas - Gl Gail Jaadly aa) Sualisal

41




Caiall a3l o) aladiialy U 8ld Adball daliite e Adabidiall AuLaiy) Jaadl 401 3150 dlaiud) Al
2 e - ¢ ("‘m

Evaluating of seismic response for
dual structural systems with vertical
stiffness irregularity by using
scaled time history

ABSTRACT:

This research presents an evaluation of the dual structural systems
with vertical stiffness irregularity, where the behavior of these
systems has been studied using nonlinear dynamic analysis of the
scaled time history, by the method of nonlinear direct integration,
using ETABS program. and a comparison was made between
seismic response parameters for irregular systems and regular
systems. The results showed the significant impact of the presence
of irregularities in buildings on seismic response parameters, and
the importance of working to find more accurate relationships than
the relationships given by the code to estimate the values of
seismic response parameters for irregular buildings. Where the
results showed that fundamental time period increases in case of
stiffness irregularity than in the case of the regular by rates of up to
14%, The base shear force decreases by rates of up to 42%, and
The maximum displacement reduces by rates of up to 44%.

Based on the results of analytical study , a set of relationships was
proposed that relate properties of the structure to seismic response
parameters, proposed adding coefficient (aT) for the fundamental
period relationship, and coefficient (av) for design base shear force
relationship, which it considers the effect of location and magnitude
of vertical stiffness irregularity. This helps to achieve more accurate
results, then obtaining safe and economical design.

Key words : vertical stiffness irregularity, dual structural systems,
nonlinear dynamic analysis of the scaled time history, the seismic
response parameters.
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The impact of technology development on the design and

construction of sport stadiums

Research Summary

The design of sports stadiums¢ like other buildings and facilities¢
was affected by technological development and scientific progress
in all fields. Many of the requirements and techniques of a
computerized approach to the design and construction of
stadiums were discussed¢ as design technology and construction
systems were considered the source of creativity in architectural
production in general.

In view of the close relationship between the development of
technology and its progress in the design and construction of
sports stadiums« in this research the role of that relationship and
its impact on the design and production of new sports stadiums« in
which the design is compatible with technological development«
has been studied¢ through the study of design techniques and
systems for the construction of stadiums from building materials
and construction methods as well as On the digital revolution and
the wide possibilities it provided in architectural and construction
design in order to create new configurations for distinguished
sports stadiums. The impact of that development on the design
and production of contemporary stadiums that keep pace with
technological progress and development was also analyzed«
discussed and concluded.

The key word: Technological development —stadiums design.
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o (s asaill Blaey B8N daaye Ay (o Ciall dngie Ciadie] Ly s
Ayl ¢ Ll gy (DY Cliaalsas (Balshall e Jali il i 385 4l ¢ i)
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sany Al 20 BB Alanil) Jasad Jalae il sl skt 59 e iy WS
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= Al Al — (Line 445) Jolie delis —Sualin Jilas :dalibal) calals))
Substructure Method- Direct Method
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Effect of Soil Structure Interaction in
Seismic Response of Dual System

Abstract

Soil Structure Interaction mainly affects the dynamic response to
the structure, as the response of soil-based structure is different
from fixed base. Soil-Structure interaction is an important effect in
the case of shear walls according to many cods, so this research has
been studied to affect the seismic response in the linear field of a
Dual system being the most commonly used system in Syria. The
research methodology relied on a reference study to verify and
calibrate the model and then conduct a parametric study according
to parameters, number of floors, earthquake frequency, soil type,
soil modelling method, to see the impact on the overall response of
the system, design forces and seismic response modification factor.
The study showed an increase in the natural period, Lateral
deflection, and internal moment in the elements of the structure and
a reduction in the value of base shear compared to fixed base. It
also showed the need to develop cods for the values of the seismic
response modification factor, which is affected by several
parameters per structure type, including the number of floors and
the type of soil.

Key word: Dynamic Analysis, soil-structure interaction, Dual
system. Substructure Approach, Direct Method.

102




Oua A guall dals 2021 sl 16 2l 43 Al Gl dadly Ay

04 Liisolly doapiill o JsLasioll Je Lasill 5SS
ds LSl Jooll dadl3501 dslaciautl

tdadia .1

Tty a1y Litnall dlaad SN bl Jalinal) Jeliall U550 Jodasl) sy
OS5 Ca o pall Jaallsarae 2a Jdal e bal) Jsag ol asdsal)
Ll easligh a8 anlaciad (e A Alea A5l aviueal) Liinall A€l dylaius|
Caliag el il Landl dlani) ole A0laal dmidng sl 4y el 1)
Saall Jelinl e Lainally Ll o Joliial) Jelil aggia )5Sy L4865 Al e
iyl 38y Al Andes (-l st Sy -l o5y (Sl Je il
415) ilead) JulS Jidas e asias (Direct Method) 35l daplall il
(Substructure Method) Lisal e Jadl ¢all &)y taaly 3sdady (Lise —
JS Dlai) ppend oo Lgd AISH L0l ()5S0 Clgdadl) 3anatie A8k Ay
Gae L Linall Q0 A ualinal) laial¥) o Jalgall (e sl g . ilgladl)
L7] Ll g i Al lida 58 ¢ alall Bae el dapd g iuall Lyl

riad) Ca ciagll .2

e Apadan clulal e 3500 Jaall ol Spaliall @l sld) Al Ganll Caagy
A el g slinally Ayl o Jelall ik Js)
8y-ileall Aylal) alaan ly Lanally 4 e Jobisall Jelall Lalsd ) (a
(il jal¢s) Ayl Ll yalie e (Direct Method)
(il Gl
a5 ¢(SB, SC, SE) agsill (e 15l 3 Jads cilpiie sae 5k Al (D
oAb cliialge <) LI Elaw AD ((4-8-16) Glshll aae
Apapeaill ol e @l Gulaily (il g8l
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O ) ehall Ayl aladninly 0B st ul) Jasd Julee Gls (C
AL sl 384 (Substructure Method) Ll

r&agl) (kg dge .3
b Jolial) Joliill padaga calglin A1) laB Aody 6 dealie 1.3

Sl il Llasu) [10] (Tabatabaiefar,  2012) coaldl (s
Jelall & 150 5y ¢ eVl Ll 5 oy Jetall il 134T ¢ V) ddas i
Syl Agla e Al gyaly ¢ (FLAC2D) gabin (o3 4308 e dadal Adphag
Dy Al e g lsa) EDU s (Bilda (15-10-5) sk sae (385 il z3lail
) a3l el Jadas aadi) LAie) e Aagfs Al Addal ilSla
e Linall el Ju) 45045 aay .(Nonlinear Time History Analyses)
A s Cuadl LalS alayyg ccle iyl Sy oyl ¢ 1l JS0 A5 Ak dSkaws 5oL
g P WV PN I ]

LG cland) o Jelad) [12] 2012 ale 4l 8 -l Hliy -5
Cum Apalyll syl dipla ANBI Jleaa) il s e laall b ajilly
e A senar Lgliiaiy (gsiasall Jlaall o8 4 pUaY) 5 alially Ayl Ladai
Jladl 8 salall dad ¥ (iilsy adl) Jlaall 8 4 all Claedaly Gals il
ol ans .(Sap2000) gebin g bl )5 (MatLab) galiy alaaiuly Jaadl)
LS Ll ) s 3 Lgie JAT (e oalll el Als 8 alial) i L
vie VWY a8 D) YUY (mletsly Ayl Lall) ey LY saly) Laa
Gt Ay Gamalipall (Al gibal) LAy Linall (g Jolgial) Je il Ay
0.2%

1 Usa sy [6] (Chinmayi, and Jayalekshmi, 2016) ¢y SIS a0
ol Ohaay Gl mluadl ostall (e (Slad DI Alaiu¥) e 45 55l
Ayl dihie Jfia Syl e (s cobaal) sda aags (Sl s il
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Lalall asaall 46505 (PML) dslall 460l 44,0y (Far - Field) sasaall
Ghlh) Jaas hass fylhl) dvisin Jea Ao (non — reflecting boundary)
St eyl a3 L (4-3-2-1.5-1) JSall Cous 385 3lshall saasia (Ul (haag
sl JBI3 2891 A5a0 Hlasiuly (Linear Time History) as ie) &)
aclall (ailly 3yal) cyaydall 6 4l iladl) of asg . (El-Centro ,1940)
oadll ghaa Ala 84yl 1S as gl Cilad) Ll 1% Ay Jasd
Ly 5l Al (alias) aa sl iy Al g )l JS dal g olsill 8 daa sial)
Ws3l 8 paill ghaad Jumdl) adsall 06S A8kl Alay 45)l6e 23% e Ji Y
3/ jia 300 (s5ln ol ST Leab il Cilage dep A o aliia ol Jal e
300 (e J8) Lgad il sall A s A5 2] Al b o)) a5 (Vs 2300 m/s)
S e Ji gac ) il (35S Cua (Vs <300 m/s ) 4/ sie

12 28 d AL Jalasl) asllay 8 [4] ( Bakhtyar,2017) (o
Al e g )il A alaaiuly Landly 150 G Jolaad) Jelall ,ib s ae 3l
Altadena) Lualill 115 és (Linear Time History) aa i) gls dilady
as3) 2580 alaiuls o(Direct Method) 8yl Zylall (385 453l & i (
oadll) ale JS st o sal) Gl ang . (Sap2000,v19) Julaill zaliys
Ul 1)l (520l die ag3ally Galohall (s VY ¢ allall CalaiV] (sac al
Ot lall Caly sV 50l A gl Cum Al A alets) g 43l
Latliay) cland) Ll vie Lage 05 Jaliial) Jeliill Ll o «%(39-128)
Ggssdl e lelidl aganlly Adladl 4l Jie

: [5] Spslaal) £)aY bacinall mayall dufyall 2.3

Uils Jsa sy [S]( Chinmayi, and Jayalekshmi, 2013 ) olialll a8

e alise gy @b 3ilda 16 el e Landly a5 o ol Je )

(Direct Method) 5 alull 45kl Leasin) .+ dadas syan o pad Ohaa

L)l L2800 Adls e ceilil) Ll Al e g 1ol dngl Leadin) a5l Jiadl
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aigh 35S (345 Adlina g i p ) 53V A5 355 0al) alia) Alla b Al
Linear Time ) b i) &l dilai ¢l als (LS-DYNA) zaliy alaaiulys
o5 +(0.099) ) (PGA) 35,00 )l (andds aey 3 Ja—d (History
A dteally A Uy Ateat) ddla o Ll ) i) (2) 5 (1) SISy
sl I Gl aay B Jacll 481 AS5al) o (3) S8l ciglaal)
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dm .. dm

. 4dm
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I e W s dm o
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[5] Lgnapall Al (39 4 j)andl 4y
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[S]azaa el dupal) (385

5] sl Al by il coliualpa (1)d 5

P i . . PN Gl Baaly
A chh il oAl Claga dspm | O gmlss Apedd Unit
Soil Description Shear Wave Poisson’s weight(p)
Profile Velocity(m/sec) ratio (kN/m3)
SB Rock A 1200 0.3 22
e AU cld 4y g
s Aay
sC (€30 123 ) 600 0.3 20
Dense soil
M m e
) Stff la & 300 0.35 18
Soil
SE Soft Soildik 45 150 0.4 16
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k) ey (sec)us (KN)allt el Gl | = | =
s m 333
= J |5 x|
1d .3 |7< |3 |3g|. 5|5 |313
Laes | 2 i 32 3 jZ I (% | k!
2 Al € ¢ ,w>. t)% zw>- aQ z(n>- :)% 5 |59
a0 TS5 192 | & ae s | 3 1 é\ °
S 8|
SB 1.64 | 1.64 1242 1209 | 0.113 | 0.102 0 3 9
SC 1.73 | 1.74 688 727 0.103 | 0.104 0 5 1
SE 241 | 2.40 520 576 0.18 | 0.167 0 10 7
e SB-Direct 9% 7%
16 " - .
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[5] G pal) dapall aa 4 laa— 4kl Alay Ala b lad) CiladY) §pslaa (4)JS
il A 8 jfgal) clpiiall Al 2.4
BN linalge iy (Galshall axe s Al g sty i) g s S Al j2 a3
Lpasaail) 2ladY) (4)dsaad) e Al Aadail sy al) Aaphll Aasiuly sl
i) cliell ilinalse (5)Jsand) o LS gyl Glshall cVla b Jeall
o (33— Liie —15) z3sail) clisKe cilanys (6)Jsaald) (g 5 . Jodail) 8

- g pad) el 4@ ) (7) 5 (6) 5 (5) JssY
Lagpaall (aalshl) el b Jaall dpasanail) ala) (4) Jsand)

Gilshll s Gilsh 3 A Gilsh 3 g | Qall Ol ASlen
4 0.35%0.35 0.35%0.35 0.15
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16 0.6*0.6 0.5%0.5 0.25
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&b 16 zisi1.2.4
ta¥) Gl B A agandl B AdAIA gl o Al cfpiia il e
DU s padll (plan Jlea (assal) LYY o Ll sy Jalas 2y g
basac gl LI (g5al ad A3lae o3 AL AN (gl Aals (e ,dasYl
85l il L (7)dsanll B manse s LeS )Y Bildal) b o3ilay SN
Ayl Lty W3 S 8 (SB, SC) Ayl 8 45liie sy Gy sanall
oaladl ae il o yall cly e (EI-Centro) s iwd) Qi) as (%3.4)
Iy g (SE) dwiil (o3 LaySh (S BB a0y onen Adlida Caigg il Al
Ll g er DAL dganll 8 o3al) A3l6a (8)JSE gy -(Erzincan) ol<s) )
V5N S sl

O dganll B ajally 4y aall gl (7)d sl
8 5540 Direct Method 5 &bl 43 l) Yo gaeadl] (330

i Lol .
gl rigid | SB | SC | SE | SB | SC | SE
A | ElCentro | 872 | 638 | 626 | 902 | -26 | -28 | +34

KN Erzincan 3209 | 2778 | 2888 2524 -13 -10 -21

Northridge | 4531 | 3889 | 3924 2350 -14 -38 -48
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allansy
KN.m
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(9)JSill gy (%210) llaxi¥l a3aly (%207) Ll 35 (EI-Centro)
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LGl 16 Ala Jilal) b aally (ail) g8 (8)dsead

i Direct Method 5 il 43y ) Vo el (381
it 9 al) [B7A]]
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Experimental Study of the effect of using clasp in
raising the efficiency of flat concrete slabs on
punching

Abstract

The slabs are one of the important structural elements in the
buildings and constitute approximately 60% of the concrete size used.
The flat slabs are an ideal solution that guarantees the speed and ease
of implementation, especially in multi-storey buildings. The
phenomenon of ,punching is a fundamental defect in these slabs, and
the Syrian code addressed it to treat it in traditional ways such as
making crowns for columns or falls of beams, which creates
architectural and technological defects. The research includes
conducting laboratory experiments on reinforced concrete slabs and
analyzing the results in order to raise the efficiency of the flat slabs
on punching within the same thickness of the approved slab by
linking the lower and upper reinforcement steel which provides a
working principle similar to the trusses . clasp of the same type of
longitudinal reinforcement were used for the slab (locally
manufactured), which in turn increased the efficiency of the flat
concrete slabs to 55% as a bearing capacity for punctures, reducing
deformations to 50%, and improving the collapse mechanism that
occurred in this case. The importance of the research lies in the use of
locally manufactured elements within the workshop without the need
for traditional methods or previously manufactured elements, which
positively affects the cost and implementation time.

Keywords: flat concrete slab , punching stresses , clasp, slab reinforcement.
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