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O ABSTRACT 0O

The research discusses the seismic model analysis for the models of the 3 - D special
structures, such as Silos, when exposing to earth-born accelerations as results of
earthquakes action, by finding the natural vibration frequencies, modes, model responses,
and demonstrating the convergence accurateness of the results of the modal analysis for the
model of the real - N freedom degrees system, with the results of the analysis for a
simplified model which has three freedom degrees, in comparison between the values of
the frequencies and periods of vibration as results from the two previous models.

The three equivalent masses have been computed in the next two cases:

- By studying the first three natural modes of vibration for the real model

- By the direct aggregating of the values of partial masses subordinate to this level.

Also, we tried to evaluate the stiffness regularity trail and the mass distribution on
the period values and natural vibrations by studying silo shell considering it fixed by earth.

The results of the study showed that there is a big difference in the values of results.
And we must rely on the results of accurate analysis for its real model.

Key words: Seismic analysis: Simplified seismic analysis: Silos: Equivalent Masses
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Q My = 35.76 kN. Sec’/m
O me= 35.76 KkN. Sec’/m
Q mg= 35.76 KkN. Sec’/m
O m;= 35.76 kN. Sec’/m

O me = 35.76 kN. Sec’/m

1S
<
O ms = 35.76 kN. Sec’/m l
O m, = 61.78 kN. Sec’/m T Q M

Q m; = 3.67 kN. Sec/m

m, = 3.67 kN. Sec’/m

£
<
m; = 3.67 kN. Sec’/m l
b

D83l Jsl) ad ((3) Jed
A zagadl) — (b ¢ Ladall 34 misalll — (@

il e Aailll ¢ AAailY) a8 8 Aealue JSY) Y) ADEN Ll eV a8 ) syl
s head) Zisall c¥l sae dulyy G (38) @ldlall dadiul 5 (3 - @ JS3) B8 all Sl Al gally  daaill
bl LS il culg

X oladly gl 9 AU ¢ Jg¥) s Aaggyaall bl A Ala) —
Qiadl) il e il e 7.2% 16.54% (70.2% : wlS dghaail) dealua) AESH G Cua
2L
Ll dalpdd) CNEN) o mreill ar (38) cWValedl (e QKA JSI a8 2 - 1
sl Y)
2.9052-10°M, +7.01155 -10° M, +0.011886 M, =2.19565
6.8445-10*M, +1.65193-10"° M, +2.80042-10"° M, =0.51698
7.6022-10"°M, +5.7264-10° M, +6.72203 - 10 *M, =1.1423
Mj = -41.225 ton « M, = 305.574 ton « M; =186.481 ton : & dall
amy llyy chllaladall glaa Aiphay Daalll CYEN) a8 aag Glld JaY 1(7 - @) slglusdd) JSa3 — 2
(4) JSal LS Ll sailal) Cillaat) aghe Jaladae slagly S JSIFR) S 8 aly g Gk
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M; M, 11.5 Ms;

JIS) 3500 b Aaaly g8 Bkt e Anulil) illai¥) agje kabda — (4) JSadl

3, =] M, M, 4 —151087-107 m/kN 8,= 8, = jde=4.5913-10—7m/kN
El El

3, =531=IM1M3dx=7.2867.1o-7m/kN , 522=IM2M2dx=7.968.1o-6m/kN
El
8,, =0, =jM2 M x =1.4636-10° m/kN 533=j'v'3 M ix = 27071105 m/KN
El El
$(7-a) saasall JSin
(611 M1 _;“) 612 Mz 813 Ms
0, M, (622M2_)‘) 9, M, =0
631M1 632M2 (633M3_;“)
Py deal
(2.8177710°-2)  1.4031.10°* 3.00212-10°°

8.56277-10°  (2.43514-10°-3)  6.03003-10* |=0
1.35897-10*  4.47276-10°  (1.11532.107°-4)

AN el Aobaal) Je Joass Aa30) soasal)l yi5 - 3
—2%+3.57863-10° A* —1.02845-10"" 1 +1.93733-10 =0
MDW\J\ .)bjj Q\J‘)‘)ﬂ\ (‘5:‘5 (-\j S5 cadalzal) 028 ‘)‘55.; JIA_L\ -4
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2n

A, =0.0035496, o, = % =16.784rad/Sec , T, =—=0.374 Sec
1 o,
A, =2.6931-10 , 0, = %2 =192.700 rad/Sec , T, :2—71:20.0326 Sec
w,
A, =3.0265-10"° | 0, = %3 =574.817 rad/Sec , T, =ﬁ=0.0109 Sec
0,

y oladly a9 SEN ¢ JY) s A paall Blady) 2 Al Al -
Jiail il e il e 0.99% 70.20% <16.54% S Akl daalud) AL cas s
£l
:251 SIL dalal) e aladll — 1
6.8896-10*M, +1.64836-10"° M, +2.79703-10° M, =0.51683
2.9242.10°° M, +6.9963 1078 M, +0.01187 M, = 2.19223
1.0505-102 M, +6.3043-10°7 M, +9.24281 107 M, = 015667
Mj = 317.569 ton « M, =-170.917 ton « My =-130.172ton : of & dalbs

tJEY) e — 2
(L9667-10°-2)  7.84745.10°° 2.31403-10*
5.97649-10°°  (1.36196-10°—2)  4.6479510° |=0
9.48509-10°° 2.50158-10" (8.59693-107°—3.)

AUl 3haal) Aaleal) e Jiass AUl soaaall iy — 3
—1%+49.97855.10 ° A* —2.50542-10 "1 +5.80832-10 *=0
DA Slsaly cilay ) ad 5 e s Alalaal) oda sda dlayl —4
», =9.9533.10°° o, = y =10.023rad/Sec , T, :2—“20_627 Sec
' 1T A, » T

w0,

A, —2.258.10° , o, = |1/ =—210.444rad/Sec , T, —2®—0.030 Sec
/’Lz ()]

2

A, =2.584-10° , o, = /% = 622.090 rad/Sec , T, :2n=0.010 Sec
3 (6]

3

X olaily adlllg y (3l (AEY ¢ X (39 JY¥) 1 Aayg el alady s AN Aa) -
il e 7.2 % 70.20% ¢70.20%6 :cwlS ddaaill daalosal) ALY o
;) JSIL dalall ealadl - 1
2.9052-10°M, +7.01155-10 * M, +0.01188 M, =2.19565

2.9242.10°*M, +6.9963-10°* M, +0.01188 M, = 2.19223

7.6022-10"°M, +5.7264-10 °* M, +6.72203 - 10" *M, =1.1423
Ms = 202.108 ton « M, =-18.169 ton « My =-28.436 ton : of iy Jally
:cilS 3jaaal) Aalaall =2

—2°+5.6204-107° A* —2.64821-10 ' 1.+8.58823-10 **=0
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A, =5.5728-10°°
A, =4.7190-10"° ,
A, =3.2656-10°

allal) o3gd 235lly yoal) af MG 5 3ieal) Alslaal) s3a - 3

®, =13.395 rad/Sec , T, =0.469 Sec

o, = 145571 rad/Sec , T, =0.043 Sec
o, =553.373 rad/Sec , T, =0.0113Sec

pliall Bailal) el S 4l il geadl A5k ABISA SIS Glus : dal) Aay -

Ll liial)

M1 =my/2 + mg. My + Ms + me/2 = 120.93 ton
M, = me/2 + M7+ Mg + Mg + Myo/2 = 143.04 ton
M3 = my/2 + My + M = 69.50 ton

(1.82709-1075 -.)

5.55226-10°°

8.81180-10°°

A, =3.0189-10°°
A, =1.8788-10"°
A, =1.9784.10°

6.56739-10

2.0935-10°°

-5

1.1398-107° -2
( )

JEN) re — 2
5.06425-10°°

1.01720-10°° |=0

(1.88143-10°-2.)
A Bpadll Asleall o Joans 450l soaaal) jin - 3
—2°+3.0395-10"°21* —6.20328-10 °*A+9.9174-10 =0
DY) Jlsals oyl a5 ey cddabeall 2 sda alay) —4

o, =18.20 rad/Sec , T, =0.345Sec
o, = 230.706 rad/Sec , T, =0.0272 Sec
o, = 710.956 rad/Sec , T, =0.009 Sec

(1) Jseall 8 dslell bl cay

bl 5 el zigalll Allad EaYlsal 5 Lagdall clanill a8 (1) Jgaadl

Callall Taaall ) Ll Js¥1 Ll g paall Al
T3 03 T2 (O] Tl (]
(Sec) (rad/Sec) (Sec) (rad/Sec) (Sec) | (rad/Sec)
0.0109 574.817 0.0326 192.70 0.374 16.784 X 38y DN Lalaly)
0.010 622.090 0.030 210.444 0.627 10.023 y slazly 4N L)
0.0113 553.373 0.043 145,571 0.469 13.395 X olaily Gl 5y 385 JGNX G335 I Jaall
0.009 710.956 0.0272 230.706 0.345 18.20 Agyall U bl canll Z8ISA) JSH Gl
0.1005 62.519 0.2558 24.563 0.2558 | 24.563 Gl Jall it

Aelh Ul 130 el Jilailly Ul Gy aall Amageall JSied ZES g5i5 Dbl il i syl
B R i ey e (el 0 ) 1 JulS o AL sliae 5 [9)0m L Bsisa ol
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L)V maY¥) Llal (5) JSAlL i . iy Lalal e Jaad JSI cdlsall sally 3350 ad Lasgly ol i
- Arageall s3] e hall Jaaill Jdaill sailadl ¢ Jaas JSI Ad)eall sall ad g e V)

B SAP2I01- Vsl
o e v AR Y S
D H% < 7 &> APRPL AN Heep O ¢+ HE .1 -0-, nhH-.

i Dedoemed Shege (MODAL] - Mode § - Perind £ 05602

it &= |||

[= = A =

aas] (g8 zisaill Lhaadl) Jiatl) e A3l A6Y) Aag ) SiaY) Baladl (5 ) Jsad
sy aail o2a apaat vie L) Cam ¢ Ll A8l 480l Jaesall 23 gaill AWK JSU o8 Laasl
A 8 Aealie SV Bla) V) dal Alidia sasly Aad 1Y) ADAN L) e
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bl Foaluall AESH o A8lpall ¢ X oladly @bl 5 X slaily S ¢y alaily OV Taall La]

:gﬂ\s

SEl culs,  .osl e 46%  69.755%  ,  69.755%

Al

18ISl JASIL Aalaldl oY alal)

1.3074-10°* M, +8.2685-10* M, +2.1678- 10°° M, = 0.2554
1.44.107* M, +8.5054-10* M, +2.1674-10°° M, =0.26458
1.061-10°® M, +1.1236-10°® M, +5.76- 10°® M, = 3.13-10™

Mjs=53.18 ton « M, =83.37ton « My =544.6ton : iz Jalls

(BN e — 2
(3.0655-10°-3)  1.1733.10°° 1.1974-10°°
7.6641-10°  (3.7985-10°-1.) 41911-10° |=0
1.2263-10™ 6.5703-10°° (8.083-10°-3.)

AU haeal) Aslaall o Joans A3l sl jiu - 3
—2°+1.4947-10"* A* —1.59127-10 °1+1.84246-10 *°=0
D3N Slsaly cilay il o 5 e cAlabeall 28 ygda alay) —4

A, =1.3803-10* , o, = % _ 85.116 radiSec , T, =2%—0.074 Sec
1 o,
A, =1.01109-10° , @, = % _ 314488 radiSec , T, =2%-0.020 Sec
2 0,
A, =1.3200:10° , o, = % _870.388 radiSec , T, =2%-0.0072Sec
3 o,

(2) Jsaall 8 glall iy

Gl (3 sisal) drasaall J Allad SaVllsal 5 Lral) Classl o (2) Jsaad

i) Laail S Jaal) Js¥) Laall gyl Al
T3 03 T, 0 T, o
(Sec) | (rad/Sec) | (Sec) | (rad/Sec) | (Sec) | (rad/Sec)
Sl y olasls JsY) Laail
0.0072 | 870.388 | 0.020 | 314488 | 0.074 | 85116 | y il cusl ,x sl
0.0390 | 147.493 | 0.0660 95.20 0.0660 95.20 Gall Jal) it

reiluagilly cilaliiuy)
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Unas ola 38 ¢mlatVl A00all 5 SN asidd) ¢35l 5 dmaseal) (Sl wnigh JSEN llal Tk — 1
Lbaail) Yy Lagdall laajilly ysal) af Cim (e GaBilaia Y 38 5 S 5 X Gs SV lzaY)
yile VL Al o saecl o Usendl) dragaall 1 ddall z3sall sl

i e Jen Ll e Jy 13 Al My 28I KD (saa) Aad el dgpaall V) any = 2
SIS 385 adlse S 058 38 LS Ll adl) L) b lhaalis e Yoy 1558l e Al
Ul et Lo 138 s Janssall - 3saill el gl e 58l all Cum e el 138 350 4l 28K
cul daglly 5 ekl Al & 53Sal) Aglall AN AESD () danall z3saill Jilaill cla) e
cadinall z3gal) Alla 8 4te ST i) o8 3l )

Ala b J8 IS sl dalls (8l Jall e ol 315V 550 ad o QW o iy (1) Jsaadl e — 3
Lleall il 8 Jpdie 1aay Ly B cplaatl) JaY sl 5T 5l 13 dages o J5Y) Jail
B oSls 5y Aapn shusdl g J9¥) Jaadll G ¢l il LY ISl @l claiall JaY
i) o e Lo Cilhe e LY 80 um el LSy Aalall clasdl JaY Vs 058N
. Ll g

O DY) Llal b Jlea) ) ase dasadly GaA) :opmdsall Alal bl a8 8 GDAY) la —4
cilind) Jlas die bl 48y oo My (ASualiall Llaiu) a8 e 4kl Si5ay) Ll 5 e cilye
A e S Bl e lare lae W) e 3l L8803 L) a3l Ay Aaldl)

Oendpall) llal bl dylie b olled aale 38 Lasll g liny) JolS e 4N g5 5 Adball JUsnl of = 5
Al il ey 1aay Sy JSY1 cplaallilal) e el On lasady (1) 2l B oSl
(e gealy sa LS cugpaall draguall JSaed Taissall 3l alaatinly Jall 48y o bl g5 5 400l
(2) sl ai Pla

eelpnall Lalal) calindl dand) 3Ll 3iy BB Jiaill o oy Aol duhal) &5l DA e - 6
Sall (el Gl sy il el (e g s 10 dysllaall A1 Giny ¥ Al laad) il
Mg a2l b pail) Auyy areadl

Gl aag Aaalall clinall Aavl 3l 385 Gluall #0548 Jsn ale i) slac) Caags 7
5ol (ISt (e Aaalal) il Calide el zisal e ST e Agad ST AU shaly
A e S Aga clagy 5 IS 2ae @l Aane gz 3lay X ¢ LAl a8
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