Y St 5ud |
u'ﬁ'sfx“’;ﬂ;. p ;ﬁ

o
'\<D

" JRAG

| st e ipis stn a4

!

'y
3, B
W1 F Olxio AFRY ) o lois F 090 ’/’ELU’”‘;K;D
Jlaws awliis (DOI): 10.22044/J1RAG.2017.6017.1142

¥’
g, ' A
i & B
Geophysical soce™

(S sloxint SO 5 5981 3 (o i Juto b 5udi 31 (ol w03 0 E190l e S

spate Sole 5 ° Jol (b ki (aixo
dng,l grio oKLils lge g yore cwdigee 0aSiils ¢ jlobiwl

WAS/ VY allin b ydy AYAS/-FIYA :allin il o

m.mokhtarian@uut.ac.ir : oLl Jgtus soius g %

ouSe Souls 55lg

G fSoane S it slatols Sl psloe Siges 5 Laesl o il 5 polas o il 51 3L 55
e S3ledae 5 pSosluil 4 pladl () Csllasl DIl o pae 5 G500 JAS jskiie 4 09 e Cogmne
22 ln sl ol e Jon sl 31 B 550 sl Jelows 5 otalosl Jloml iz plosl L 053 oo e
ol S ais b 3 (5 Sl Jomo alolb (slivoys Jpane s5b & 35500 (oS (Slalllan e 5 oS
b pol Gaiod o 0gdige Olpd e B> olee ilodse 4 pladl 36 e Gl 4 75 Aien
ol 00l S eg e Sl gl O3 ce s mSTas Aol oy Jow wiz )l eolatl

Sl

ooy w03

O3S ey dilins
Sloxsiw! By vy 55!

OgNgm e

alizes gloJos Ly O3 e s j1SI0 paas Sl Juols gl s 438,5 O s 5kl slagygesl 4 axgs
Gloxinl Culd; 0 1631 1 e Joe sl 0 Shoe (55w ue (e 05w 10 0l (5 S o3Il uolase g

ol oy ST D13 e s Aoy eSS )0




Q01 F Sl (g sloriat b 2 3951 2 (iiao W Jubo b 5ot 3 (S0 o) 3 T10 e S S 9 S b sURe

a1y bl 5 b ) Glei e el S sla el 5l eslasal
15 el Ll SVl |, gosgamme 1 0,5 Julod o8 Ll
i) Do 4 4 1055 o3 SVl )| crge Laes
4 dily zoe a4 038 F plpe Db oebie pall (e
ity ST el L] e SlSe 5 Sujed Sloogas
IS ) o5 Ll sl e r e Sleear S
.(Bakhshandeh et al., 2012) 55 o0 43,5 IS ) loxas!
sleyalb pols bls)l cys ool oladss eSSt
WS e il el ey 85 Ol b (Sl
2 sy ool blite 3B Sy 5 e csle sl s s
e 4 (Gbtess 5l @le jlomdil 51 LA6 (35 Blime 29 K0S
g bl G5 5 e sl YU Ul b Sl S
Lg‘)" Gﬁl...?m ‘5’)2" LQLQJAA G PRV 6&.;&.495) .]43“)...: ‘SLA.AA
kol el 90 slie yodas jobo a4y aS conlonds &Il jslaie oyl
o el 5t aias il Joe 5l alols 5 56 e 1l w g5
s ool Oosody e ol o il 5 (Sologss
oo ;0 g s ddbate bl il @ azgi b aS sl oo olaie
oA oS polie i L .(Mesec et al., 2015) wads 0,0l
il o)l L, K03, lmolEiws 5l oslial b il 51 o356
Jeloxi 390 09290 (gloojlbinl b ke jolaie 4y g 48,5 & )50
S s 4l adyl b sl 4 lasie Wl 0,5 o )3
)| Db oo JL&L‘ )Lzm| Gﬁi” JO o made oole )| (e 23595
slee Ol (2)25 Gladgep B 3 (ol loalslas )00l
(Alipour et al., 2012) & .5 - 1,8 laoe b oy
A )3 9 ey Gy Dol sl Jore jlalols ll L
s Skl el ) ol g e (bl
&lp oo o315l Liuli8l a4 e o ymmbie Olge lake il
I easSS l opole 13 Jlaae b gyenl 5l 00,8 0 LSy salold
Jade b asl chas ao ,0 ola sl Jleel L) (Bras 4yl olge
oS 5] ped dgaome loj b 3l Jleel oS o pomiie o5
Sl 55 oo 5553k sles ) gyl im 5| K GialeS
ol Coeal Pl 3L e 40 Bpas o,miie sole jlaie sSlas
Q-"-.’.‘ (z,>) 6.9,4«: 0 o oole JLo.c‘ 5 sl 6:>‘).|o Jrizsove
0555 el 6950 oyz daly, 5 eslinal il 3l e g
)| J.«aL’> LTI Lol 00 45‘)‘ Lfd‘"’“ ) ks"‘)“'c LgL{bJJ.o
slii;.o" Oolee ool Jags ouls &3l sla Jow wszge sl Joe (4
@7 el sl gy — el el g pg ST - p0y5iSY
5 leads QLG g ase o Sl 51 Lab )
o Jae ol jo sl ouls &l Gt oy sl Joe Voo

a5

doddlo -
Cgme ol nlgPl Sl (S il 51 (B ey (55
Slosees Jloel 5 (25 a2 F5e slayiel )b (plolid o9 o
5 Oehime S il Som g9090 Lol e Sl alS gy o
oobee olol da alisee glodunge (ol 00g i Dluwwbe
wn (535 0 Sliiod duwge 5 Al il Gasge S, 50l
(Siskind et al., .wlosls ploxl aey cnl o (ol o o,
o2l o (1980, Duclus et al., 1993, Bagchi et al., 2000
Shoslisnl g ey A5 (o5 O slaals 55 4 L,
25 358 o0 Cgmine adgl (cull lapls 5l 503 ) slaoliiins
g ol hGBU G55 e a8 SliisS s osee
2 Gk seagame sl ces s (35 Gl ot
B o) ) (it 5 Bae el gl il Jone S
Sl Shles b oo (g)lre (59)9] Cows @y Jol o5 0 lnail )
@looly Bl g 009 zrlae b)) elS gedge Gl Dy y0 oS
Syelly Sl cy 090 8 5 0, il 0 05 S ol
e Gl el 35 69, p 3B slagle; oy 4 il
S g obml |y 50 5 (Y e ol ceslis @i e 5 255
Oy O DD 09l iy Jlxiil 55 e 5l alolh 4z e (ires
Sy g9o9e eSE anndS Sl il 5l G806 5, b oe RelS
Syl 4 ol e ) Slidod el odgy (rediizes I (5 ke
Hudaverdi et al. Kogaslan et al. (2017) lowgs 48,5 & )00
2,5 o,Lal Kumar et al. (2016) 4 (2017)

3 ol il 51 o5 PPV) olyd ce p iSTas
Loo b pol> 3eiizd )o ol ke (3550 (2l))) (o5 slaasls
w4 I8l (e G5 D (025 (2l Je iz ol ] 3
ol 008 sSiges e ne 0, 5 PPV Siiass ala,
Flos 55 )8l 1,5 labs, YL gonailyh 4 az g5 b (e
il yo Geend Sl ACA) s jlowinl B o581 51 s slodinge
Qo) cpl 50 ju gz alaly g ool colaul PPV ez Jow

ol 00 |

b S5y gleel ol 228 s Y

Ll
a axliy s bSes Sl el ) 3 gloy ) sl
9t S SVl a5l a8 WS S g S ) slabais
a4 a5 50,5 oo Sl Al ] Lo S0l USE et wiSS
50 blis 4 abais 1 By 5l s e 4 g 0ad JiTie jslone
loyd s wgloyd G o)) e Amls e LA
o5 e Zlyel 5 alamell Sld alulr 5 olals,l s )3

by e S0 il 5ol 355 ol v ol lsrea



AYAY ) 0 5lods F 0,99 659 9 )5 S bl S g 3o 4yl

5 Koyl j0 yis g0 4 (Slegsy slayual)ly 5 il

Wghoo o Gladsed 3 sszee slayeSl nle
(Hossaini et al., 2004)

R 56 o 15l 4 5 oSl Q s ey iSlas PPV

‘Ia)‘fw 03 43‘)‘ ‘5:)70 ‘IGJ‘B) B Al o).?LZLLA é‘j,c 89; 9 ‘;ZA

)5 o ST g ki (525 S Joe ) Jgar

J-\.o PU

)
PPV =K.(i)*‘*

o

S ol yolea oo

(Duvall et al., 1962)

R -
PPV :K.(%) " (Ambraseys et al., 1968) 5,0 ] yo]

o rualsS po,4aSY

(Langefors et al., 1978)

bme Sk 5 055 7 4 edgame (nl (Slegy Sl
SoSsh 4 by e (SolSagsy Sledbl .Conl 00d Sk pand
Abbaszadeh et al., ) coul ouls @1l ¥ Jgaz 0 fyoee calisee
2008

G5 IS cne (So05 50 (il slaojle jpam e @
Olpreds jlondil Sl @ a2 g b Cenl (65908 il 1 (SBU e
5 il lagSl Cub Wy, 5 5 Same Slles 5l (oot A5
soke sl gl Sl Aol G (eSgm Gone
It ¥ Jsar 5 el gy Jeiml glac,lus
sl 0 @) el s bgy e sl 5 3l Slasin

Ogﬁi,.m MO (Yo —axilo S g0 adlio -V
(@bl Slaize jo lpl 0y Jled ;0 (5K (e Gane
s 428 TY g ax 0 YA 5 (3,0 Job aads FY 5 a0 FF
Y o> s 4 g LS Clasin 4 axg Loyl J13 Jlad
0 il 035 sl o (b Sy, s 0 ves gl
YaF sga ol zhysanl BB o538 g o o ble S5l ian yoe
oBauo 5l Haee oogasme (IS job 4y el ouls 8505 5 ekes
Sigrge 0095 (Vb Al S &lo S laKiw ) ulidins;
9 SH9rge SSU (A et Olgie 4 G5 S die
Sloe sl oad (JSas Glad sl glaasly ple s (ymo

(9w oo LS 9l (SHg slayelsl Y Jgua

Kow 007 Kb Jguw

Kow 0097 (5L Cooglin

(MPa) (MPa) (MPa) 35 ke
YoorY- VASY YIavo g pge 005 )
VYooV ED Voo VE-Y i ige 0353 Y
Veely - Vs VIOOA (S35 g0 0345 ¥
VAB-YY - VA¥) YIAVY 3 Pge 0098 f
YY. Yf. VEAY f/\AF SRS 5 S9se Sl 6
- b ass < IVAY S, 4

38 ize Joxa 5 sl 5 Sl Slasie ¥ Jgax

bgiyo mogi

Hlxdil g Sills wlaxin

O ol R
<I¥=IA
i Jsb +I¥Y Jolae

o508

VY 54

W10
VY0

VXY g Yx¥ (/0TI Fxd

sil 6,5 @5 s
(kg I'm®) o35 2,5
SIS Olyee
J& l;

(mm) b Jl> L3
(m) b Gos
(m) oy glis))

(m) s, loalols x Sw )by




Q01 F Sl (g sloriat b 2 3951 2 (iiao W Jubo b 5ot 3 (S0 o) 3 T10 e S S 9 S b sURe

Sy 5 gy B g K ol glo ol )l cymni jlite 4y 00 s
a5 ol oolawl a8, 1Y Jgaz 50 eads &l e Ll
ol mls ol oad SL Y B gbaSs s ol wb
el 00l Gapez B 9oz 50 (225 S 0 Sl 5 e S
—o Y Joe B Jgoz 50 0dd suiger il 4 4 L
O oS o ead of it glashs, sl pyydS
g oo Hlo e p bulyy plo 4 Cond (6 Fcias 8 See 1 855
O3Sy eyt 4 42y b g paiee el el a1 colin
Sl azgs BB o1 i

oo lp (228 s b yelyly (i -F

azxjllan o490
sokie A esw are j0 odd b lxall YV 5l ol s
285 )5 oolial 5,90 PPV (S3lpal salasl, i ol oynss
SE Jour o sl 5l ond oo b ios ol (gl el
! dilizs slaolsy ly i b os cubli coul oud
P Slllas 5,00 Sy gl slaba, el Koo el Sglie
SBL I y93n (Sl S8 5l 500 0550 sl (Jy el Sl
by, 51 S5 e oL Wl Sldlae bixe sladyse lp

Oyl bl L1y Sloen iy a5 glalal, ¢ oal oaomiw

kil 3l oud el @b o Lol gl ol )b o Jgus

PPV (mm/s) R (m) Q (kg/ delay) ol
YOIYYY fAviof V-v¥ Oeileo
VFAQ fAY $IAQAE+D ol
£ ol 89 AY+ 100 st Gl
VY £ Vel Jolos
fIvy \Rd! AYY 4l
\YY Yiva ARRAN SSlas
300 250
¥ 48 57119 y=302.07x"! 561
250 R? = 0.8477 200 R? = 0.9022
)
£ 150
w E
S = 0
£ £ 100
S -
.
0 r "
0 10 20 £l 40
L1} 0.3 1 1.5 2 2.5

J QR fkgfdelay fm?)

P9 S — (05 9855Y Jho (613 (g 5y i ¥ Sl

(78 g1 51 S 52 sl B g K ol sla el )by :0 Jgor

R? K B aolzo

T Yev/ey YIS (S5 ol yolae ola
-/aY VAN - /5 VIOA 09N s yaal
<IN TAIOY V/AY pormdsS 5355

by el (e (gl Joe Ll -0
‘S)W‘

B ey B3 0yslp EBe Gl jslane a4 isu ool o
Ly ICA .l ouls oolisnl (g losinl culd;y 0,651 5l lxail

aA

I,—{afm,f'\. kg/delay)

)

S5yl (yoleo 010l Juto (sl g5 ulid ) JSs

y = 1810.6x 1%
R* = 0.9204

PPV {mm/s)
3

] 20 40 it} a0 1040

B —_—
— {m kg delay)
v

<0939 — sl ol Joo (g2 (ygmm 55 gl Y JSB



AVRY ) o lowi «F 0,99 50 39 )15 S 35§ S B g 3 4 pid
2

Minimize i(kQ;’R[ﬁ —PPV,) )
i=l

S aks oo Coli calps By 00k 5gd akay o
J oad et olis PPV g Ry Q) 5 g oo cyrars ICA Ly
il o (9gm e e 3 )Ll

oy <olugSile b po G (pmgiaalin oL
Sl Bl jolaie 4y (5 lontinl Culd; o oSl Loy (5 a0
sy wiyoS Ly bl 5 ab eslital Gaa ol
Wl s (V) gadayl ) &jg0 4y (g Lo
k =768.819, «=03795 & f=-1.1516 ™

Sygo 4 ACT Lawsgs o0 s PPV (ass o ol ol
el Gl JB(F) sk,
PPV =768.819Q ¥R 11516 )

15 00 B PPV paais IS Ja s opdle ol e 4o
a8,5 )8 byl oyee 5 4l by 55 (6,500 laJow (V) aka,
alaly ;5 odd (o p (B S lee 5l Joe (e Sl
sl o 481 (B)

PPV, =
()]

k,+k, (logQi )k2 +k,exp(k,/R)) +k5Q,k"Rl_k7

Ll oS ses b culro Ky g ke ks kg ks ko Ky ko
Glisee Siw slaasly 15t Wed s i oo sloosls sl
@ ol e (Ki) ol colps jo ool &l pess Jae (gl
Sl il 0ols paizr S b (g 9550 Sl sl s o be
Sl N et (Bl 5o 00l S sy ek Sull cal o
Ao las Sl ye giluaieS Ban b (b S0l culypo s

Sl 00 43|)| B3] 4.]43|))\)45fm d..._@)f

- PPV, j

oo eg)loninl Cold) 02,580l Lansgs Coll cal o s b
(V) 4.!44‘) h.))s.»o L U?i'?'“ Sl QAM olio-Lw ‘5‘).1 PPV U"""’"
el s L8

o ( 1k, +k (log0,)"* +k, exp(k, / R,)
Minimize [ ( ) ' *)

i=1

+k Q" “R"

-216.513 + 203.865(10gQi
PPV, =|-41.7787exp(-94.3247/ R,)
1+298.0480 1R 0304

)0.1467

)]

PPV (posi ilizeo g Jow o Sloc duns o —F
sladoe 5 27 @) ladoe ol anlie cqa (idu (pl o
ol ol alisee sbayge;] (6 laxinl Culd, (oSl 1 (siie

el 000! r dalol BN as

gs“:é‘B )|..\.§.n —M. )‘Q}&s —‘—;’

b Jse 51 G o Jawgs PPV oulds 05 (resd polie (yg05] (ol jo

a9

Joas S Al a5 el oad @l (FoV) LulSl g
Atashpaz-Gargari et al., ) cul clais! - cwlow glaos] )
ol sme Camar 6,55 clagm oSl S wiilen L2007
WS o b (Solal adgl Cumax SO L 095 15 50 ok 650
4 Az b ogd o 0ol €08 Comex slacl l plaS a0 aS
 adyl Corez Gl eiS e 3l golass i Bos AU
A 5S eyenins lyie 4 (Gilo g ot SR Cedl el Glge
(ilesiine g Gyl S dsgerme 4 gl e ai8)S
Ol porinne (25,08 5 4z g5 b Sl ool 090 oo 4SS (5,951 el
P2 O S e Dl 355 S 4 (polb Wy, SO L,
5 Codlel (s O] oatas L85 23y 50 0 4 58l el
Sl cadsl glacs gl el (555 U0 Lol (St o Sl ponis
2 WlsS a8 il po g ead ggy0 bagl plee (Sl
L 9) Wl 093 ©)a8 g 00,5 Jos 3850 s lextnl il
Sl A salys i (S sl e als | il
Olporims i 50 o] Gy08 4 atwly g9l SO sl
3 oy aalys lagl 5051 0 o)l 45 B slacs, gl el
Sy S bl B, Gl s e
B> Flians slas gl el 5 0ol 00938l 35,5 slacs o5l el
ablgE pme st a8 il gl g ysil el b aialys
by CubdS L e Cdyiay e | 0 Dlestee U ool
5 ad alss 505 el 45 &8 Bl 5 Ol et
@l 9> 09 peplys dlis Glacls> 5o ol Ses pg G aals
Sl lS5 olass S Lol o5 ails by b (s il 2,
S Ui con Slperiin plad a5 Gley UL ead s
3Ol pesins 6 )gilpal cnl o el WS 1B a2ly (68l sl
Atashpaz-) wiws ooy (Ls Candl pl joi8 4 o508 Ll
Jle J> sl ICA 5l J> 4 b (Gargari and Lucas, 2007
@ Gl dax o1 51 a8 wanl oas oolitwl (g3lwaige (55LsS
sls b «(Sadaei et al, 2016) w5 5L Gl
0,506,90 oaidg,d altuw «Sharifi et al, 2015) Jlusws
Shafiee et al., ) adsa o> (5;lways (Ardalan et al., 2015)
Behnamian et al., 2011, Lian et ) guule) alius 4 (2010
e digy Olox psl 0950 pi,68) 0,8 o Ll (al., 2012
sl 0 00l Lt ¥ S 4o ool Culdy o2y oS Lags
Sl patuie ) Jgaz )3 oud &l o2 Ly, 4 4z b
el Gl BB el ©)90 4 Ly, cnl (IS 2> a5
PPV =kQ/R/ W
2 sl b o5 s (26 calpe By ok g8 abay, o
by PPV (ol Joe o jshite 40 digd (o o021
A (M) ey &jg0 4y (oo 2l (g)lesinl S o2 )55l

RESRER



Q01 F Sl (g sloriat b 2 3951 2 (iiao W Jubo b 5ot 3 (S0 o) 3 T10 e S S 9 S b sURe

180 y = 0.6963x +6.0756
160 | R*=0.8728
140

120

100

PPV (Measured)
oy

0 20 40 60 80 100 120 140 160

PPV (Estimated)

oyl8l Juw 31 Jols ouls (g S 031l — yosd Hlog0s 10 JSC&

160 ¢
140
120
1o

50

60 +

PPV { Measured »

40 r

20

y = 0.7848x +4.2931]
R = 09181

L i L L 1 L i 4
200 40 60 80 100 1200 140 160
PPV (Estimated)

Wbﬁoi JM 3l Jrol> ouls ‘s)ifojlq.i‘— R )|¢5.w' B4 JSu.c

160

140

120 +

PPV {Measured

Jow 51 Jeol>

160

140

120 ¢

PPV Measured)

20

by oy 5951 5

100

30

60

ET

100

80 F

60 F

40 r

.OSJM_

y =0.6747Tx + 7.5153
R* = 0.8064

0 20 40 60 80 100 120 140 160
PPV (Estimated)
ous (6 yuS 031l — oz Hloged 1Y S
P9 yideS — ) 9255Y

[y =1.0382x - 3.0765
R2 = 0.954

0 20 40 60 80 100 120 140 160
PPV (Estimated)
Jolo 0adls (g S0 31l — o 10403 1A JSC

S 2 4y 0ed oo pw S PPV il (6,505l polde Jilas jo
&oxg(Rz)M%fbsu:jlﬂ)‘lybeJ
Dg w2l gy Jow lwg PPV pesw cdo il 5 Sy
5 s 50 o doa 5l 52 o sl osesl ol 51 ol s
Sl 00l oals iules A B O sl i
Om gl el atie 16 0 b Ss a5 jebles
Sl w eSS Joe (B (nl 5o aslllas 9550 sl Joe
Hlo G vae 4 cad 1) polie o 5 Soo3 +/AVY sl oo
(V) alasly ooy 1) e Jowo g3l Ol 0 a5 b ol plis sl

Eoys

/ c;'-“’)ﬁi w; Sl /
v

&9k ! sl JASML& adsl Caxaz ol

v
Ol yariins Cd>
v

]

Ol posions 40 (35 59
v

0 yosnce Lo (5, 5blpual yo LT
S anze & )l 3925 sl
abgpo Comll poal 3l oS

A 4

al,

45
43

A 4
Cunlly ol 5 0 pasivns ol 2 925

v

6)510\1‘:40‘ QS A.J)b d.fwl.z/o <

< o O30 &sblel LT
.0) S O9>9
vy

a3

& ssbl el B>
v

435 bys gl

A

S ylonitnsl Sl ity 5oRII1 ¥ S
.(Atashpaz-Gargari and Lucas, 2007)



ATV 0 0 ko (F 0,359 (582,15 S 39935 Sy 7 42 i

o yge;l a5 sl sals slpies bl ool g el olows
OYoles Kloads (gaiyzez £ Joodo [0 Badod pl o eolatul 090
5 Ere allax Ojgo @ b atls (ol 5l Sope 4 bae (S0
SYolro jo el oals S S|y yuudi jslate 4y p3¥ Slxosss
iy 4 PPVpg g PPVess s el slagygesl slp oo sl
Sy 2SI (ol 03] (e g 0dd (5503l piolie bl
oles gz 5 ot 0d slagasli sl p anilie o3
2ol At &S w3 S 13 bl 0,00 PPV (ess slaJue
Sloogesl 5l alol> polie 4 asgi bl oo &Il Y Joax
oy oyl e PPV fpess Jow (Y Jga2) )kl
Lol oled )0 wsdioe ol (V) alaf, b oS (g Lot
Joe el s 5l Lo |, e o s2ge (slabimdo L 3k

bsﬂ.:‘s.a ol.ef\.w.u "'M‘ uji’}w IS um )‘5 u‘)l?u"‘ g5>|JJa )9"4"" 4

ol r

0Ty = 1.0193x - 1.6315
40 b RE=09728

120

L ]
100 .

60

PPV (Measured )
«

i i L i L i i J

0 20 40 60 80 100 120 140 160
PPV (Estimated)

ol e oRl 5 ol ouids (g 031l - (et loged 14 S
V) sl (55 Loanl

&bl spyge;l -¥-#
B Dygo Glasesd (Saijly Gliee duglie ly (28 5% 50

oS (S5 o o duan Ulo (g1 00lisiwl 8590 5 5LoT (Wayge3l F Jgus

Olpsgs Aol &olel ol
1 i=n . .
Ll gy 5SS lade MAE =;><|:Z|PPVA£MS —-PPV . j| (MAE) 'la> Glhe ,u8 (Sl
i=1

1 i=n .
Lol o 5SS Jlaie  RMSE = \/;x Z(PPV Meas
i=1

el yigy 5 SsS i VARE = var(|PPV

~PPV

Meas

Var(PPVMm -PPV . )

—PPV )2 RMSE) "l Slayye Slio jgione

) (VARE) "l 3llae ;08 il ls

Esti

ol i 58, ke VAF =|:1—

Var(P P VMem' )

}XIOO (VAF) " il s ol &

83kl 903l Flw 3 PPV (pneski chlisin (gl Jobo dumlio ¥ Jguzr

VAF (%) VARE RMSE

MAE oweS Joke pb

VOIFAY O YRAIVAY YY/AVY
AF/A VAOABY  VOIAYY
FYR-F EBVONVY YOO
WYFA  FAEVE a0
WYEY  YeRPE SIAYD

Uf 15 ol yolas o,lol
YIYA: 99N g yaa]
VIRV gl ST ey eiSOY
OIVAA  (F) abal,y e Joe

YAOY (V) b, 5 e Joe

1- Mean absolute error

2- Route Mean Square Error
3- Variance absolute error
4- Variance account for



Q01 F Sl (g sloriat b 2 3951 2 (iiao W Jubo b 5ot 3 (S0 o) 3 T10 e S S 9 S b sURe

networks approach, Safety Science, 50 (9), 1913-
1916.

Behnamian, J. and Zandieh, M., 2011, A discrete
colonial competitive algorithm for hybrid flowshop
scheduling to minimize earliness and quadratic
tardiness penalties, Expert Syst. Appl., 38 (12),
14490-14498.

Duclus, S., Panigoni, T. and Michel, M.C., 1993,
L'utilisation du guide pour la mesure et le suivi de
l'effet des vibrations induites par les travaux,
Tunnels et ouvrages souterrains, (210), 466-472.

Duvall, W.I. and Fogelson, D.E., 1962, Review of
criteria for estimating damage to residences from
blasting vibrations: US Department of the Interior,
Bureau of Mines.

Hossaini, S.M.F. and Sen, G.C., 2004, Effect of
explosive type on particle velocity criteria in
ground vibration, The Journal of Explosive
Engineering, 21 (4), 34-39.

Hudaverdi, T. and Akyildiz, O., 2017, Investigation of
the site-specific character of blast vibration
prediction, Environmental Earth Sciences, 76 (3),
138.

Kogaslan, A., Yiksek, A., Gorgiilii, K. and Arpaz, E.,
2017, Evaluation of blast-induced ground
vibrations in open-pit mines by using adaptive
neuro-fuzzy inference systems, Environmental
Earth Sciences, 76 (1), 57.

Kumar, R., Choudhury, D. and Bhargava, K., 2016,
Determination of blast-induced ground vibration
equations for rocks using mechanical and
geological properties, Journal of Rock Mechanics
and Geotechnical Engineering, 8 (3), 341-349.

Langefors, U. and Kihlstrom, B., 1978, The modern
technique of rock blasting, John Wiley & Son.

Lian, K., Zhang, C.H., Gao, L. and Shao, X., 2012, A
modified colonial competitive algorithm for the
mixed-model U-line balancing and sequencing
problem, International Journal of Production
Research, 50 (18), 5117-5131.

Mesec, J., Zganec, S. and Kovaé, 1., 2015, In-hole
velocity of detonation (VOD) measurements as a
framework for the selection type of explosive,
International Journal of Mining Science and
Technology, 25 (4), 675-680.

Sadaei, H., Enayatifar, R., Lee, M.H. and Mahmud, M.,
2016, A hybrid model based on differential fuzzy
logic relationships and imperialist competitive
algorithm for stock market forecasting, Applied
Soft Computing, 40 132-149.

Shafiee, S.H. and Topal, E., 2010, An overview of
global gold market and gold price forecasting,
Resources Policy, 35 (3), 178-189.

Sharifi, M.A. and Mojallali, H., 2015, A modified

& S doi -V
b sshie 4 ((eKsm Hane ) lalxiil (15 LS, b8, e
ol i 50 sty Aolan 5085 5 525 IS 4 38 o]
ol a0l abaly psmre 028 sladae ple
Odre (SlSegs 5 )bl Cumdg b 1) il oyt (9,000
sy SN 5580 (e jslaie 4y aldl oo 1) (ysS0gms e
slhs b ameS Bas b s lextul culd, o oSl 5l ol
Ot slp s Sluye (2She jedore ol oolatul (esS

Y ogam (V) (golpiinn wox alal, gl jlade cpl &S b cons

L Jow Glbas 3lae ;08 il )y uizmed ol sdal Cows @
ol S8 2le o o Ko (sl e b duglis 3 i iy
(V) a5l o9 o0 bty b 3 90 slagyges] 4 azgi L 1N

5 03liinl (9w (yase )3 il (>1b (sl

&l -A

Alipour, A., Mokhtarian, M. and Abdollahei Sharif, J.,
2012, Artificial neural network or empirical
criteria? A comparative approach in evaluating
maximum charge per delay in surface mining-
Sungun copper mine, Journal of the Geological
Society of India, 79 (6), 652-658.

Ambraseys, N.R. and Hendron, A.J., 1968, Dynamic
Behaviour of Rock Masses, Rock Mechanics in
Engineering Practice.

Ardalan, Z., Karimi, S., Poursabzi, O. and Naderi, B.,
2015, A novel imperialist competitive algorithm
for generalized traveling salesman problems, Appl.
Soft Comput., 26 (C), 546-555.

Atashpaz-Gargari, E. and Lucas, C., 2007, Imperialist
competitive  algorithm: An algorithm for
optimization inspired by imperialistic competition,
IEEE Congress on Evolutionary Computation, pp.
25-28.

Abbaszadeh, M., Shahryar, K., Sharifzade, M. and
Heydari, M, 2008, Classification and
Determination of Sungun Copper Mine Rock Mass
Properties Uncertainties, Journal of Engineering
Geology, 2 (2), 377-394.

Bagchi, A., Burman, B.K., Nabibuallah, M., Prakash,
A.J., Roy, P.P., Singh, R.B. and Singh, M.M.,
2000, Investigation into the influence of blasting
pattern &  geotechnical properties of the
surrounding rock mass on the ground vibration,
fragmentation, fly off etc., CMRI Internal Report.

Bakhshandeh Amnieh, H., Siamaki, A. and Soltani, S.,
2012, Design of blasting pattern in proportion to
the peak particle velocity (PPV): Artificial neural



AVRY ) o lowi «F 0,99 50 39 )15 S 35§ S B g 3 4 pid
C.H., 1980, Structure response and damage
produced by ground vibration from surface mine
blasting, Report of Investigations- United States,
Bureau of Mines.

imperialist competitive algorithm for digital IIR
filter design, Optik- International Journal for Light
and Electron Optics, 126 (21), 2979-2984.

Siskind, D.E., Stagg, M.S., Kopp, J.W. and Dowding,



JOURNAL OF RESEARCH ON APPLIED GEOPHYSICS

(JRAG)
2018, VoL4,No1
Shahrood University of Technology (DOI): 10.22044/JRAG.2017.6017.1142

Development of ground vibration attenuation model by imperialist competitive algorithm

Mojtaba Mokhtarian Asl” and Aref Alipour
Assistant Professor, Department of Mining and Metallurgical Engineering, Urmia University of Technology, Urmia, Iran
Received: 19 July 2017; Accepted: 22 October 2017

Corresponding author: m.mokhtarian@uut.ac.ir

Keywords Extended Abstract

Blasting Summary

Ground Vibration The effect of blast-induced ground vibrations on mines and on adjacent
Peak Particle Velocity structures and facilities is an example of the adverse consequences of the
Imperialist Competitive Algorithm  mining cycle. In order to control the vibrations, and also, managing the
Sungun Copper Mine adverse effects, the measurement and modeling of the concerned wave

attenuation are necessary. Normally, by implementing several trial blasts and

analyzing corresponding ground vibrations, we can determine the related
attenuation model for different sites and mines. Usually, the modeling of the peak particle velocity (PPV) damping is
performed based on the distance between blast-face and monitoring station and maximum charge used per delay. In this
research, using different empirical models, the PPV equation is determined for blasting in the Sungun copper mine.
Moreover, imperialist competitive algorithm (ICA) has been employed to develop prediction model for ground
vibrations. A comparison of the results obtained from different models are made based on several statistical tests
between monitored and predicted values of PPV. According to these statistical tests, fairly good performance of the
ICA-based model in the forecasting of PPV is proved.

Introduction

Drilling and blasting are typical methods of rock excavation. The ground vibrations are an adverse effect of blasting
that cannot be completely eliminated; but certainly can be minimized up to permissible level to avoid possible damages
to surrounding structures. Ground vibration is directly related to the maximum charge per delay and distance between
blast face and monitoring station. To predict ground vibration, several empirical models have been developed by
various investigators. In the most of these models, the PPV is the parameter of concern.

Methodology and Approaches

In this paper, the ICA was proposed to get an appropriate equation for forecasting the PPV in the Sungun copper mine.
For comparison purposes, three well-known empirical models were also used. To evaluate the performance of PPV
models, the correlation between the predicted and real measured values of PPV was determined. Standard statistical
evaluation criteria were used to evaluate the performances of different PPV predictor models.

Results and Conclusions

Considering the calculated statistical error between the forecasted and real measured values of PPV, the ICA-based
model has the lowest values of MAE, VARE and RMSE, while it has the highest value of VAF, in comparison with the
empirical models.




