FAA-FAY ixiv \Y40 b ¥ o)kl (FY o490 Lad g o) gﬁx):ﬁ

Sl L5 o5 b Sy 65 6L K K b oSl

¥ . £ AR \ é . s(a
J)_yr\Jé_lLﬁﬁ.l&) W@u)\f@géﬁd\q—\?o);lﬁ

Ol iolosS il g oLl sl US> 00 58 095 e slid ) gl )
ot rlonS sinls s olKsls osle 0uCils o5 1ud 05,5 ol ¥
Ol oles pal dged oo i) (tasy jSre 5 pple odSiill s pulidipnj 05,5 o Lt 1
Ol O e (ko oS pple 0SBl (G 09,5 ol F

QOIFIYD s ol iy QTN il o)

0o K>

. e

sl (SlSe olwd S )3 (28] 36 5 6595y Sl )95 54 b 005 (b oy p ipgh nl jl S
05505 3 G55 5 25 Sl e ol ol & s (6395 b S oS (il 5 (Sig a5 b S0j) ol
ol )90 (pl 53 45 Bl (e (B Aol 4y S35 0ld (b daliaw b 0] J e Elgel i (sl S 0 S )
92052 82939 05353 1y 05 ) 0es Sl )05 cpl sl 048 (s 3530 VIA 390 g 00D 0B Sgagy ol (salo
Gy sl Sy g Jobo alrals 18050 (g5 S o Jitie (539 b ST )59 53 G55 2 (SSe olSid o,
P A loyS il K, dalaie 55 pe; ol (sdolun b (605,84 b o) e ol (sladiols g lasoluy cdiges
S olpe oy dlila B sbals g Sy zse Job aaly bl o uw)’f e ol 0145 Al 031D (59, V)Y
@yl ooy ol Cglate gladoluy oy g oy p Wiy peej Ol (65065 (sladiols g badoluy (gljlay g olKiws cglite
2 O dte 3 (S 5503 0j i) 93 (o9 e STy )55 JSS05) bl g 2l Sl (sl iz (canl 0ad o)
Lz 3 i) sl Sl Pl e e sl oAb (uyn Gl Bgy 4 T gl 05 ime (65503 5 VN

sl 048 duglie (6)95 pud Sl 6)95 0050 L plejon g 0 (015 9 Cud S0 ol

S0 5 ()9 pd Sy ()95 S50 ) (4158 S5 w0j ) omesi s adS (sle Sy

5 Ol SbLasST s K ) (S5 0T bslizal
Gkl oyl e s Slabs 1 5,8 03100 (58
3 bk B 5L Glaesle s bolastle fod 51 cwdige
Yoy bl 51,81 5 7 o, LabT wile 5 Ly
R o 2L Comlim & a5 b s ool o
ool Sl 1 3 Sty 580 5, 605
o3 w3 (B ey Slal 1 31l (gl OT
L 2aSans b 0Gl (opl b ol ol 03liul
Ul o A g G5 b Slp o5 655
(et opl o A8 SS ) oo sl
&, (Mw 6.0) Y1\ 5 (M 6.4) Y+ Vv (slass ) e
Mw ) YA o S 5 (Ol S Olawl (g5l o )
D) 3o (Ol 5 5 Oltus Sl o 5i2) Ol e (7.8

.Q‘w\ou\.‘zu.mjﬁé:)}ﬁ

dadds L\
g oS wlbe) ) b cbatls I S el
b oomes Sl 68 eilul iy bl (okm
Shei Jomes &5 SO Slal .l aeiws )
53wl 30,8 ys 35 e dons SLOLES S,
Tlol ol el ey G553 53 OLeiS el L
S IR L Ol S dmes (S 6
5D S el LT LK) el 4 o) OS
1440 WY1y

4 o5 b Sy o5 b e
g sl bl (6 S o3Il (sl Oyl b sla ok
Ky o5 oS ol 4,8 a3 eslizal ) 4
OO SR I 1 S I S g
AN 5 A8 o i O e sk bl
b iasse el Ol o5l oo dib olrals

S0l S e ol sas ) alas 1.8 S 65l

E-mail: nematimajid_1974@uk.ac.ir

:Ja;.l) oJJ)KJ*



AFA0 ol o oyl (FY 095 L2 g ey SO

QQJW‘L} (Y)

OA an,
A MCORENGLOY ®
Dy s (s 55

@lralr ol s dlasl b 4 e bl 53 85
. - Z -

gt py s I 4 S 65 e dsb

AA’Bra\gg = (1_ pe )‘C‘%B (F)

OT S Jsb & b Jsb ks s 23,87 (F) Al )
Al

©) daly S) o o e (=D s S

R

n
P =5 (P ~¥(Pus+ i) ©

by oo i b S (505 8 Sl g cpl s
Neft 3 Oslsy o V(A0 )5l o pie pyy
G T palie 5 b ks Jae a8 oy
S a5 L) Sl V/FAY 5 0 /NF 5 o/YOY 5o /NNY
Aragg ) S35 7 g Jsb S Shags o) 55 (VAVA
Aol 0 o lgpn oS ot a8 a5 ) e g6 V00 1 €
el 0 ey (£)

)

Aoy = 0.7857,

Bragg

L Y] |
JL

fAA

T3, 8hes 5 )5 pmd Sl )5 (Bymat

stz s W1 sl ol 5 )5S pss 5
NG ) 53 (655 B ) i 53 CaS b
© g oS s (YA Qlily) 5 4d e arstle Jhanl b
50y 655 4 5 3550 35 SO D33
s S slagsedsb S (Sl S S (o
o5 3 gse db Kos 5 e SU3L 0T b
(O JSK8) a8 s s ST,

il a8 Sl 2, S S e lols el SBSL i
(o oK 5 065) 558 n danlons (V)

Aoy = 2Ny A )
B gn BT 7 gedsb 53 S )8 b
3 LS o Sl oS A sy, daly ol )3
Juﬁju;c\;&upd_\mg?lﬁw}:wu
S p zn sl ks o (55 5 o> i 5 il
(1948 (5 5) LS dal

Algragy = [ZH(%\) + 2A(2—T)]AI + [ZH(Z—_I/}) + 2A(2—$)]AT ™)

Ay g AT =0 Sio b plp b Do G155 L

—

L
et |

}-Hu.'ﬂﬂ—i_;
(f Alisaiad
i i

a1
O =" A n

Ag = 2N A
()

N

Ab

>

SopE b

Ab
b b

(&)

N
$3303 b

Ol o5 5 A3 ( )5 o5 ST piso 5 ) aled( .Y Ko



£A4 w35 68 Sl Ko ) oBans (F b Kl

Koy S g S5 L i 51D 5@ gla el )l
4 e ol &S J s (V) Ayl y) S o Iy 2alS
sl 3 5 (P B (e s D 5 b (e 2
P g T R
oo bl Q) daly) Cul i BB e SISl
slbl 4 W) dal) 4 g b el 5B e
(el ol oo Ol b 457 ol aly (s5daze
Soge iyl By & ks 5 L Al
e 42 3215 3 500 1y s g e 015 0 03,5 o0
sy olaws b il doliy 457 5 S 1y s

AL o) e el 4
5139 b ol &5 s s Folg oKaus
OT e iy 3l & ol Slus 35T L (b
oBis b dalas 5 ol (pl s 355 o o guims
ol gl Osky s By S o5 s

AT 53 (10) daly &) o

, a2
= m]t,&1 (\')
“ m °ox

By S Slasie 5 el b Slasie
.@‘o@ob‘)j.‘i"}\ éhd)&))%ﬁ@)&o)’_}j

Sladsdr 5o ol i sla el G eopl sl
VIA S0 ) olBaws b ol «(V0) daily 5 ¥ 59

S0P e P A

ol b Slasie N Jgde

vf (mm) @) Js1s s
o+(mm) (D) 1+ ks
fYamm) (D) oNbe s
«Ao(mm) (hy) o5l b
A(mm) (H) ta)ls gl
f(mm) (1) bl o dools
v¥ (N) byl slaws
A<V (Nm™2) (E) slse 51 KU Jya

Gebd gy ¥
o&Kews (F b 5 ¥
UKL o T e o ol 55 oS
53 o&as 1 gl l ooyl 5 S oy
35 B ol jaie ol ol osls Ol (V) S
KNP b s S cul S, s &aus
5 ST ol o wi g oile) ST L S
(V) by
@536@1Q)ya\4{)l§5aj):;‘}wéﬁ
DA KO opes DB Same 3 0j dome o
)l B iS5 (S5 o St 0,8 o
S35y e s Sl B n S Jlail ol o
Ao 653k g ey S Sld 5 os8 e ralr p
Il S o Jime S 555 4 JSE L aia T
S 3phir o5 b S 655 53 B sl el
s el bl 68 e I b OT A )

o> and by i N LY LY

& o&ams b daly il 03 Jopes 2lsl o sl
ol a b gl il ¢S e Al el
31 2l (K) s JS7 (e o b L Soa
e e Ol (1) S o Ol G
by (V) daly Oy gt |y oK IS
K=k1+(%)2kz V)
daly Oyt (Sl sl 5 e o 5 Ky 0T 53 S
(Y Jode) el (A)

_ 0.78ED,h§ D,

k
! (%)0.5 nH 25 2d

)
ol y Oy pots Sk b e b b 0T 38
Y O 5 5 58) ol (1)

% .
CEA (7/3><1010)><(7z><(%><10 5)2)
2L 130x107

L osgd oo olss ¥ Jg.: 03 &S sbola OT j5 &

ol Sl b s 5 ows cslie Dbk

=6890.08 @



AFA0 ol o oyl (FY 095 L2 g ey SO f4.

yo "

okt

G b Sl g5 K6 ) ol&aws .\'JS.&

S jasialy K05 ) Gy WIS e
o ks Ol é‘)}.} "y () LS PR

Syban S 15 53 (10) abayl 5y st

X(t) = A o)
By g 03] e (1) = s(@)e ™V JSb 4 Ol
a
&(w) =b Ay %)
I J(@F - 0?) + 40,0
tang = 222 (V)
)+

V-:;‘:—M S g‘;ﬂ s Jsb S #) Al Gb
1 &1 zsn dsb Sl Loyl aly 25l S5 81

(\A)

a
Mgy, =1209 2 A gl
I \/(a)oz—a)z)2+4§2w02a)2
Oldalis . f
Sy o5 MRej) foly 6B Djpon bl 5o
le.ha)_,swﬁ) S350 (0 p lejg RSV BN B Ey
Ghie ,s 7/ L5 LYY S 8F LYY
S0 3 ObS Okl (B8 gy el o,
5 Ol 53 @l Ol daain 53 V/A Soplbyay
Lo S5 cnl 5 oSy s 8 8 i s Ol ol
VOINFAY 5 cAXFAXY g VAFYY laple) ho i 5a
Wl 0315 (695 Ol g8 CBg 4
oL 51 oS ey Jomns cal zae JS8 4 e b
Olg o il ot w8 0Ly oKiils 5055
(Y0 Jaaisl 5 sSKn) Ople Lljle, &GS L
3,81 Cwdty 1) o) S aw Old alew b

A S)

)lﬁa)') 5L<fwub Slasein ."d"-‘?

Y (mm) (L) b Jsb
A+ (mm) (0) 5,5 des b
v (mm) (A) S o8 ala Jsb
Yoo @D (m) ez~

YV/04v(Nm™) oKz S e

YV/OVY(Nm™) (Ky) ooyl 3 e

o&iws & by ¥

J‘J'; ‘J.:A) s_')\:.:u ‘?J&AJJ 5@&# )lijaj) OK:MJ
63)&5\;@}.-)-5(‘)?.-\5??56&}6)363];@
o5 02 ¢ JSE L osin JT dn S0 1) S b i
S r ot 635 b S

S ol (V) Al ) o p o S o SYslae
AS o Jos e Sl g diilen

9O +27y(0) + @ y(0) = %) AR

J

_7 @l e ppe=2my ‘(%:\/K ol 53
@y m

iy (XDALE gbal- ¥ Ko o arg L
Lowl pulydm gbal>

,_a \\Y)
x_by

4O oy 5 (a1 0) 258 G sl eslizal b
| |

s (W)

y= |g(%) ()

‘p—:—{@w@b(“)@‘)ﬁb(\”:\bbﬁ

é+2yé+a)§5:7%(%))'('(t) (F)

X(Q) 6 8hs oo 5 gla S (6 alalas glal 5



£4) w35 68 Sl Ko ) oBans (F b Kl

DIHLT-DWMENSN_N2  BADS B 7 300 1720220000

i 1 Houa bt
el
10 ¢ ).\““ G
6 L
3 I e
i
fw T s I
Z =
Fu £
g 54
= -} S
os 3
s
as

000 e0d6 IO adis 10 32 we

MIORBUBBSNEN_12 BAF SN 0HM2NISANIAN

¥ )

Acceleration

|
oo  0mis 010 a6 10 12 W
Frequency Hz

()

st
i

MIN

00100 0016 0000 036 10 32 100

Freguency Hz
@
ol 53 w5 S0 45 Ol Y (Mw 7.8) (@) 5 0, Y)Y (Mw 6.0) (L)Y V (Mw 6.4) (Ll slaes Jopens sbolo b ¥ IS

ot ot Ot o0l S, 5415 4 5» RAM JBNDS JBAF

s e bg e slaes
23 085 63 S a5 Doslite ol m s 135 05
SKes ) oKews 0LUS o gl slila Yo
SN 1750 IF (ol b b 4 VL Sl S
/ RCWR

e S n U aals Dl o 0 S
Sl YN 5 0, o5 Jomes Sl gladaly
Az e 0l S&es ) oKaws 0 SUS Gla ol e
SN PR Gl VSl oS S e e 2
FOWR

5B Ol s (W) dal, b

Wl & S Sy oty 03 e ) e Sl (Slaitols

38 i 5 S gl fisls ¢ 5 S o sy N S
5 kel b FA (g3l & S5 55 Obis (b w4 5 L
(S5 s ol Szt 0 Jope) d DS (glaals
5 s gl (0F) dalee s 805 oSews (63,5
ol 08 dal ) (587 Jols 805 J oms s 5
OV dai)) 36 i 5 OA daly) T g0 J b aals

Mrm)a))wﬁ)ut&Q}LﬂﬂéuMLqu

)L{ie}) o&s T e R A NA B
oo & 53 45 (6,3 bl caank ol o sMe
k)'l‘ﬁt" (;.w| QTLSL‘J-?‘ ‘:”.’.J”’! 4.5)‘.5 &:w:a.h\ 6)@;@)}‘

3 oo OSBRI ol n il 05 ) el



AFA0 ol o oyl (FY 095 L2 g ey SO fay

0.008 4

0.007 4

0.006

0.005 4

0.004 4

0.003 4

0.002 4

0.001

0.000

o4
N
S

1
60 80 100

S0 oEnns 5 ZUE slo gln il YN > OE 03 Il slataley oy 2950 F S

AN nm)

a3 ) oz 088 sl pl e g3l Y

u T 1
60 80 100

e o8 0L S slaglee lila < Yo 55 O o5 s oslize Sladalos o s 50 Dl i Jls sl F S

daly Syson 15 O Olg oo &8 das oo &) o e
s (V9)
o} =t -2y (V%)

P 4 Ol g 3 50 on | n Gl 90 221 )
Sl a5 OS5 B S L Ze g g A0
338 g2 055

o bl el od Bl Sl g (1 ) g1 L
.»deﬂg)gmdbm'jw'r

Jos Gl gl 4 a5 e 5 K5
VG5 3 g Y geme gl e b ol litie (S o
Gk VFAY (IS ) ol o glae 1a 03} 2ty 61

g o odus B 9 F L;LAJQ 3> &S As}fow

O PR P RV/NPRY PRV SRR
o) sy K S S s gl Jole
b bl 4 o5 Gladeler 4 e (s
dobey OT Comd I 5 ol 0303 Gy 505 )
B s eSS
Sy o doa lilay S&e3 ) Feuly 5 ol wl
‘)“‘"dfiﬁ&:ﬂ&”’@:b*‘lﬂggi’fj"@‘ﬂ
0 LS delus aals clAJg.i, ol s O 5l
B glralr Sl ) gl 25y Do
93 ki &als (8 JS8) 5,38 ey 55 1 ) ool gan

2



fqy w35 68 Sl Ko ) oBans (F b Kl

P Y Jsdr 53 5d e amlin ol Sl 850 &
RSO PN ea)jT L@JT &Lg\ju:- Slaies L&a\i;‘.«ﬁ‘
b omebliie s 531 5805 ) b LaolKany| oles slaosls

.@\o&@‘\:}\jdg":)b au;g‘)}\;.?o)):

2010 (R)
0.006 —e— 2011 (R)
---0---2011 (S)
0.005
0.004 4
0.003 4
B
0.002 4
0.001 4
0.000 4
T T T T T )
0 20 40 60 80 100
o(Hz)

a)_}.!\_,:.d) A Q}Lild LSLAJAL.J > \_,.Z;_;SP:-.V JS.‘L

2010 (R)
I —e— 2011 (R)
. o ---0---2011 (S)
5]
2]
€
£ 34
3
24
1]
0d
; . . . : )
0 20 40 60 80 100

©(Hz)

03 Acme o slie gladolony o Sl 250 I b Balser A ISS

a@.u: Ui‘ 6\]3 /7 LS-'-‘J»J &-»-1}-19 ‘°'\-‘T ‘:""“34’. @L'.';
C_M»‘ okl wﬁ#)é)&oj)

a3y Sy sy 5 K ey Aglin¥ N
gl 83,50 )
o Glaet 63 ) mabhalie bt 055
il 2 il Lo (gl lie ) sots 05 ) e
ol 0l ) #/
181 g dsb s gloralr 5 S5 8 0 )
Sslize o) Jome am &S A 5V b S b
A Ul o Ll ol 03,51 Slawlis Oy g0
RSy s O 5 o) aw a S 285
03 bejJom; des lsla oK A ys Sl
3 s 3 Sl fly Sl (5 ,AAD G e glacaby
Lol @ 555 (ol Sols &8 1 03 J e 2 se!
636 b Jlesl Ogdy 5 aals o i b s ands

LS o S g

Oy o3 e 05 o 30 JK5 Aglin Y
oK 30 S b gl soKayl 55 Oyl

Sy sy5 K03
52 &) i oKyl 2 T S s ol )

T eues) e s el Ll ar e Y g

gUusl | bl db | el 2 e Ao aS e - e 1
() (e5) (e59)

14A4 OF/SAY A/ MEH 33— e

\orv OF/FA FY/YEE CHK sy - S K>
VEYO 00/08V *1/04. BAE sp - a8k

Your OY/¥AY YA/AQ RAM Olghnol- il

Y. OY/YY4 FY/ASS ZEF Olgiel-e 3

YEAA O¥/N ¥ Ya/FAN SRV Ol gl 5 Ol g1
LALYALY OF/0F YV/FE] BNDS ey

#/¥ 6l§)}3\ib\iljiﬁh;nY'\'§jJ1wj



AP0 ol o oyl (FY 095 (L2d g me) SO

2010-12-20-1838-49S.NSN__ 132 BAF SPN 20101220184045.633
1)
L ’} | A
Rt MJ‘ i U\l Wbidptiers
; MIN
41 Q2 42 # 46
()
Adg
! 1
0l N 1
20 i H| |’\| ,l "I ||| || |‘ H I . ‘ ‘FI . .
w—||r.w"|;||I || HHHNH | |”|||‘|H i
AR Enreret A
ek TR |i| Il """"|"'7'g||]|H"|""'|i||" “
‘6 v 88
(UKL dil LA
10 H |,| \|||‘ .\‘|| H ‘Hl\ Il ‘ H “I .J\‘
E“ \l\ P \l [ || H H H\ H | ‘U ‘. |I u '-'
| |
_zin | ” M || || ||
_sof
(&)

ol b 4l YPAA B YPAY Sl 830 53 o) Jomes Ol comm 5 Sl il () 5 BAF oK) 55 ods &b o) o T S5 (s Jse

(B sl g e shls S0 ) Gl i
ol e 5 YR/YA 55U

el e N b S ey b

B YA/YS ssd 9/ 8,5 L 0 o) Jome) S,

Glila 5&es ) mal alply sl ¥A/OF

sl o:yji.x.(m dg;:j O glaze k;ba\i:.m.l\

V/Ad\f)jLY \“d\.«u)bd\j‘fﬂ aalais °)j‘u*°)

Y Je)
i ERAM o 3 o S 0 5
Lo 5 VP BT 550 s aals gt o 5t ol
mep S35 534S sgh e edalie \W/YF dids s
Sl bl o the Gl K65 Faly dand

ol 20 56 Y/FA 5 50

sl

on;BAFaKMi‘JJKC}AJ.{JMbJJb
4ads 55 sFOUFF &L o anls plrals o i (ol
cw\i abse) e é:j 23 &S 355 0 odalia PRIV
Yo IFA 3500 465 5 olal op 5t ol )05 )
okt 4 S MEH oyl 1365 00 S g er 5L
3 YO U FF 5L s auls plrals op 5t olwl
23 45 35d o odalin PF/PV 4ids s LJES s S
DS e shls )lisg) ) b cpan é:j
RCWPETRN L JVES SPURPEEIC o [ PO
okt ad & CHK o 5545 30 JS2 w4 5 L
L& 9 FP B FO o3l 5o akls plrals o 5 e ool

e u‘gi"f’ 23 45 5sh oo odalin FO/Yr aids 5>



48 w9 65 S Ky ) 0wy (b Sl

2010-12-20-1838-498.NSN_132 MEH SPZ 20101220184135.457
W € ‘
I
1ol
Hﬂ' \'."

ol
mm !ﬁ,anﬂ \’”, | l 4

it

’|| T

| MIN

(A

30k
(&)
A:.rl.? 40/Y740 L Vva/Y#a) JLA) ;)Lp BE ﬂ_}jju:ﬁ_) QLA) [ D gfb.a u‘lt""'l’ (u)} MEH aK:.....l] B C,.:r B))wA) s Jg.& (J\).\ A JS.&

sl 0l

2010-12-20-1838-495.NSN__132 CHK SPE 20101220184055.874

e - W! i ‘w{ M 'ww

| | MIN
i 2 o I « * a7
(N
Al
30
20

Unuﬂvﬂuﬂuﬂwvﬂ ﬂ&%ﬂﬂuﬂuﬂvnuﬁlﬂuﬂﬁ il Jﬂuﬂuf\uﬁ%ﬂunuﬂunuﬂvﬂ -

(o)
ol b 4l YVOY B YVIA Sl 30 55 03 Jome Obos o n Sl plraslr(0) 5 CHK oKl 53 sl i3 o T (. Jse

sl



AFA8 5l o oyled (FY 0,93 clad g ey S

2011-07-21-0308-16S.NSN__054

fas

RAM SPZ 2011721 3910024

n

Adp
40

l ”

”

m— W{!W"M‘ae\‘q ‘lnw\%1'»“||.l~¢.ww,

(o)

MIN
s

(AN

i ” i Ll uﬂ’ ” e
w '“”W' I MN M H\N I }N' J\‘ “‘\‘ -

b VAL BANVAG Sl 3L 3 o) Jome Oloj e 5 Sl plrala(O) 5 ol Cd RAM olSais) 55 oS 03 J s T K2 Y Jss

2011-07-21-0308-16S.NSN__054

alg
a0

—aok

(i

)

el o

SRV SPN 20117213 821088

MIN

ot ud 4l VAD BV L3 834 U3 o3 e Ol 2 ST el () 5 SRV 6lSal 53 sl o 63 Jome) zge JSE(NNY S

et é:f 3 45 5sh o odaline VF/O0 d2ds 5>

€Sl bl ot Gl 65 Faly dad
REMPEATR £ 70 QN

wlralr o i O B OY) b Ko 6 a5 L

B YAY s5d VA 8 55 b Olglm 03 Jcpes <51,

Slila S5 gl plply Sl gl YAYE

ol a;ﬁjfi.kilq d{i.sj Sglae Lgba\i:....l\

el

oA&&ﬁSRVa&@‘;stC}AJngbﬁb

L, 5 WY 550 s auls gbrals o i (o

MM‘;{L;);):J:}&@@MWW/?Z@:):

s3d (81 el o tie sls J&Se5 ) fly
el 2 56 YE/¥Q

,mafZEF,K;ﬂ\,gschﬁ@@}ﬂe

Lo 5 WO BF 550 s als glrals o 2iy ool



£y w35 68 Sl Ko ) oBans (F b Kl

S0 B AFS5L o> auls plralr op phy (ol o
Su35 53 oS ssh e odalie VF/YY dids > L&
@il op 5t bl J&e ) el absd es
RCS PEPRIFR 4 1. SRR o I

33 03 i e p 3sd e odalie & 4 S 0la
g n S glrale o i 6l dasd oS
; & - i . . g .
Sy pbals s e i o) S 85

b S5

2011-01-27-310-49S.NSN__162 BNDS B Z 2011 127231222.0008

m
|
| |‘|

J w:«l.i‘m e m—

MIN

(AN

Adg

u ‘| “

\ u\‘ m

I
1in

" 3
|T‘ VY ”H

1 \
I My
‘ i i ;’W"
“‘,,“'I Al
\ AT
‘H [ i |

W
n \‘ ‘| ‘ HH Hh i
| ' u| VH

ﬂ‘\\\‘\‘gd

(g,»

5 BNDS il s o5 o3 Jimes e JSC5 (C) N0 S
Sl 5L 3 e by e Sl el ()

Sl ol S5 asBAGD/E B AGY/N

ol amn il ol Jole yls Canl K05
4wl G,b-dul:-) ol sl j&:j o d gl
Sl (55 S, g b
Sl o g ey oo Jil 4 Oy S s

sl 4l b Olu g lo) ) S &S Cnl

23 5 hboe anls

a‘ 6‘)’ Vg &‘J:.a ‘:“.}‘*‘! gau\.aT Ca.w}i: @L’b gf"L“‘J’.
g:,.w' okl 4::’;,]&5); J@G‘j) a\i".wb
» /0 .
\) a))u,:ﬁ) C‘f\ )‘ (sad )&@)JJ U‘i‘ ‘U‘:"?V'A
b odies b bl 4 a5 gl gLl S

A b S s Ol e VP LA s IS b

oS wals 1y anls oy i dbed Olen 53 b 0 ) e
KT &8, sl o i Sy o5 550
Ji.‘.'xgi“" éiiéj Q)L&.‘L« L5L°°l§:‘“i| CHL.’. 9t a L

.g:,.w\a.ﬁﬁ
IS8 770 €55 LYY s 0K, dakaie 53 )
00

5,5 BNDS o8l )3 8 50 JSb 4 a5 L

2011-07-21-0308-16S.NSN_054 7EF SPE 2011721 3843814

S M‘} I‘”,J\ N‘“ \M ‘l" I

| MIN
1o 1 12 H 15 16

(Jl)

)

5okl of ZEF oKiisl 55 oS o) J o T SN Y Jss

Sl o3l 53 a3y 0l e Sl el (O)

el s o B AV V4D

6 S a5
Lo o5 b Sl o5 S L gy ol s
s b Ol (el 5 I eslinal
ST gk 1y o) Jomes Ll &8 Ad o)y 5
Qoly b ST S5 1 05 S lael Ll o
Wil S5 o) S lael dals & OT (a5
VIA Jldie 4 oSaws b dolas (hngs opl 5o &S
3L g A

a\i:«.sﬁa\féjii.sjul)l.;c@.:b Aol pogde



AFA0 ol o oyl (FY 095 L2 g ey SO f4A

S Wi Gl 1 S, leals o i abs
S a5 sl slaolanl 3 0T s
RO

o5 s SBop o ebliwsy wl b
bl e Rl B 55 plrale o e b Sl B
Ghlie 5l o) Jomns A c2bls L Ol o 1y oaws oy
35 (o dS) el slize 5855 5 0SS

B D)o S 5B b 4 e 5 L
b Sl 6o8) sl Slge ssms 5 Sasy ol 3
sz b 5 ashe slgty (bl B ows
o8l o oyl oo ol 4 S w0y T (a5

.J}—w

&l
oly oBails Syl (S8 55 OYAY b (NS

/\'—\QWU}J

Akira, M. and Isamu, Y.,2001, Fiber Bragg
Grating accelerometer for buildings and civil
infrastructures, ~ smart  structures and
materials: smart systems for Bridges,
Structures, and Highways, 4330, 479-486.

Butter, C. D. and Hocker, G.P.,1978, Fibreoptics
strain gauge, Appl. Opt., 17, 2867-2869.

Guo, T., Xianglin, Z., Xinru, L., Shaohual, C.
and Tongyu, L., 2009, A new type of fiber
Bragg grating based seismic geophone,
Applied Geophysics, 6(1), 84-92.

Havskov, J. and Ottemoller, L., 2005, SEISAN:
The earthquake analysis software, version
8.1.

S5 e 6B b dlesl Oy 5 aels o 2o
T ok asls plrale 5 (NS glaps ilbs
Q)}JQJQ)L&AZ)JSW)MMLMW ﬁg‘ﬁ
934> &S g:,ejf D Olg o Al 03,51 (gldu i
Sty a0 Doglize 35 J e a1l g
. . = . =, . > . .
Sy 2 d{\j Sos Jlgm)) oK @b): ol
SIS AN B cladaluy js o) J s den sl jla
C‘}A‘ Qu\.:w) c‘.{oﬁ DL e&w} é‘)).) C.M»" c.u‘.i
Cd 5 Cas® ) Goge Kb Sl sme Lol w05 o)
Soeal )3 W3 Jime) zoe JSG Lulie b
r:w@‘*?aﬁ;f,“*eéf‘xwﬁ T S8 L Sl
Shyls a6 s oS! A e &S

QL«-& )Jﬁg‘ﬁ 6))} )KJ@)J.S Sl el g}'.’.f":‘ﬂ"

Lay, T. and Wallace, T. C., 1995, Modern global
seismology, Academic Press, San Diego. PP
561.

Raman, K., 2009, Fiber Bragg grating, Academic
Press, pp 614.

Trent, C., 1999, Wavelength Measurement
Systems for Bragg fiber optic sensor based on
Quantum well electro absorption
photodetector, A thesis submitted in
conformity with the requirements for the
degree of Doctor of Philosophy at the
University of Toronto Institute for Aerospace
Studies; pp 194.



Journal of the Earth and Space Physics, Vol. 42, No. 3, Autumn 2016, P. 2

Designing possibility of a seismometer using Fiber Bragg Grating and metal
bellows

Khaje Gowki, F.}, Taraz, M.2, Nemati, M.% and Bahrampor, A. R.*

1. M.Sc. Student, Department of Physics, Faculty of Science, Shahid Bahonar University of Kerman, Iran
2. Assistant Professor, Department of Physics, Faculty of Science, Shahid Bahonar University of Kerman, Iran
3. Associate Professor, Department of Geology, Faculty of science and Earthquake Research Center of Shahid Bahonar University
of, Kerman, Iran
4. Professor, Department of Physics, Faculty of Science, Sharif University of Technology, Tehran, Iran

(Received: 05 Jul 2015, Accepted: 14 Jun 2016)
Summary

In this study, we have theoretically investigated designing possibility of a seismometer using Fiber Bragg Grating
(FBG) and Metal Bellows pairs attached on a mechanical system. This new seismometer can record earthquakes
according to sensitivity of fiber optic to changes in physical parameters such as stress and strain. Firstly, in order to
understand the quantity and quality of sensor performance, with a mathematically brief description, the effect of stress
and strain on the FBG reflection spectrum is examined. FBG is an intrinsic sensing element which can be photo-
inscribed into a silica fiber. The basic principle of this operation commonly uses FBG based sensor system. The
operation is monitoring of the shift in wavelength of the Bragg signal following changing in stress, strain and also
temperature. The Bragg wavelength, or resonance condition of a Grating, is
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The wavelength of the optical signal reflected by the Bragg Grating depends on the FBG physical parameters (n,, the

fiber's effective refractive index, and A is the wave length of the FBG). These parameters are changed if the Grating
is subjected to mechanical deformation or temperature variation. The measured strain response at constant temperature
is
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The structure of the seismometer consists of an inertial mass, supported by a L-shaped aluminum cantilever beam, connected

to the structure base by metal bellows and an FBG element. In case of ground acceleration, the inertial mass moves in the

vertical direction, imposing a compressed or stretch of the optical fiber. This deformation induces variation on the FBG Bragg

wavelength. From the system work-energy concept analysis, the seismometer undamped natural frequency can be written as:
1 [Koetions +(%)2kﬂber (@)
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with natural frequency about 7.8 Hz. Ideally, we can consider a seismometer as a black box whose input is ground

motion (represented by a kinematic variable: displacement, velocity or acceleration) and its output is displacement
Bragg wavelength. Assuming a ground acceleration (1) = A by using the frequency range of 2011 (Mw 6.0) Rigan

0

earthquake waveform, strain (5) and displacement of amplitudes Bragg wavelength (6) and phase change (7) for
different angular frequencies and amplitudes of the ground acceleration (for different damping coefficient 0.4, 0.6, 0.8,
1) are obtained. The relationships between them are investigated and for different angular frequencies, they are plotted
and compared.
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As £_,0 (undamped), the solution has an increasing amplitude as ,, _, ., , which is called resonance. If & <<1 (under
damped), the signal tend to ring at near seismometer period. For £ =1 the signal is critically damped and oscillation is
minimized. For £>-1 (overdamped), no oscillations occur, but the mass returns to rest more slowly. The possibility of

designing a seismometer is investigated which works in near critical damping (0.6, optimal damping coefficient) which records
a part of earthquake waves with frequency close to the natural frequency of the seismometer with the maximum amplitude
and without phase-shift. Also, to prove performance and ability of seismometer with the mentioned method two other
earthquakes, 2010 (Mw 6.4) Rigan earthquake and 2011 (Mw 7.8) Saravan earthquakes were investigated. Also each of the
above events recorded and processed at the same time by several seismic stations and compared with seismometer Fiber Bragg
Grating. A seismometer which uses Fiber Bragg Grating has a few number of advantages such as immunity to electromagnetic
interference, their capability to transmit signal over long distance without any additional amplifiers, highly accurate and digital
output, lighter weight, high sensitivity, low power consumption, lower cost and a wide range of dynamics.
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