Advances in Geosciences HIFRFI AR, 2022, 12(9), 1176-1189 Hans X0
Published Online September 2022 in Hans. http://www.hanspub.org/journal/ag
https://doi.org/10.12677/ag.2022.129114

e

SRS (KRR
— LU R IR I

a4, MY, ETaEL kO
NN EEXHER, W RIS
PPN E RN 2SR, NS Ry

Weks H . 202248 H3H; S HEM: 20224F9H1H; KA HW: 20224F9H8H

H E

Kappa (K)ESEEEHFRRHE BN —ANEESY, ZSERNEEFEEHHLE —EAREE N L
X E MR RERE T, RaEMERNFERIEE. ZSE08E YL EEAERDRR 3%
BN, AR BEGEPEESEHEESEHX Kkappas$. Bl, BAVMER T 19734EF2018
FEHRERH10RSHE BN 76X INEE LR, BFE2017FE11H12H R /REBYW R AR 7.3%Ezgelehit
B. ARETERE, EREEFNBENESIRBEFSH Tk kKFRREETER—XBRENSE
HBMAMEEILR. 2T ESNMKESEMERDE. RE, 23 EHFINT T SR HKMESEEK
RERR. HIRETEXBYBERTRE. SHFTERY, THRFRSE kTSR E R TE
FE540.0331~0.0398. FIFZS$A UIE B LZEE HiETHEIZX KR ES) .

XKiEid
WS H(K), FRATEHMRE, BRI, IERE, MR EnEE

Study on the High Frequency Attenuation
Parameter (k)
—A Case Study of Strong Earthquake Data in Iran

Jinzhe Bao?, Pengcheng Zhang?*, Shubo Wang?, Fan Zhang!

'Inner Mongolia Seismological Bureau, Hohhot Inner Mongolia
2Yuquan District Emergency Management Bureau of Hohhot, Hohhot Inner Mongolia

Received: Aug. 3", 2022; accepted: Sep. 1%, 2022; published: Sep. 8", 2022

AR

SCEGI A OET, SIS, AR, SR SRS S T D). HERRR T, 2022, 12(9): 1176-1189.
DOI: 10.12677/ag.2022.129114


http://www.hanspub.org/journal/ag
https://doi.org/10.12677/ag.2022.129114
https://doi.org/10.12677/ag.2022.129114
http://www.hanspub.org

wEl %

Abstract

An important parameter that controls strong ground motion at high frequencies (higher than 1
Hz) is the spectral decay or kappa (k) parameter. This parameter is a linear decay factor for
Fourier spectrum of acceleration on a linear-logarithmic scale within a certain frequency range,
which indicates the range of attenuation of high frequency energy. This parameter is used as a key
input for the simulation of strong ground motion through a random method. This study aims to
estimate the kappa parameter for the west of Iran that has a high seismic activity. Hence 10 refer-
ence earthquakes as well as 76 accelerograms recorded from 1973 until 2018 are used, including
the 7.3-magnitude Ezgeleh, Kermanshah earthquake on November 12, 2017. The k is derived for
the latest seismotectonic zoning map of Iran to enhance the accuracy of calculations and only the
records in which the reference earthquake and accelerograms occurred in the same zone are con-
sidered in the k equation. The k parameter is calculated separately for each horizontal component
and for the mean. Then, the linear relationships between the kappa and distance are separately
calculated and analyzed for each seismic zone. An accumulative equation is also proposed for all
zones. The presented equations indicate that the near surface attenuation parameter ko for the
west seismic zones of Iran varies from 0.0331 to 0.0398. This parameter can be used effectively to
calculate the strong ground motion in the zones using synthetic methods.
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EIE IS kBRI R G TR T 5 R B oG B ME I AN S 4, e T IS 20 T30 5 FE 1)
FESH 2 —, WA S 38R S B AL X, SRS E kappa (G4 Anderson F
Hough [1]#&Hi )5, EHNIMRZ #FEXT kappa fHEIHFFTZ, Ktenidou FIFH A Thessaloniki BT i
EUROSEISTEST VIR B 14 MR G5 6 N3 G uli MR e, KRS M) RNIEETT
ks FEAE I3 i R 35 37 M DN X Sl 37t R IR R 2 . R RO Ko fH, X IO IR A AR IR Y
LRPEAR AR R M3k, 3B /N R IO 51 AL IR 32 30 4, 0t 9T R SR v B M X A7 AE R
(1) ko» HERIFFH ko 5 Veso fETELRPER R, WEIEE N 47%, (55E B Q MM 590 [2]; Z=3CfE XS
b X 3T 2000 26 %04, 1 Anderson A1 Hough #2 H 48 5075459 3] kappa 18, A N5 B A Z JRIE
FET R, HEEER R[] BEWX /R 2 RIS X470 7, K kappa {85 % EEA77E W 2
LR SC R [4], W2 HOTH IS ) F AR — AN IE 22 1) 751 A 3 aok {of PR e B o338 PR PR s AR S BRI [5] o X AN AT
BoR T HANS BN E B . fEHLE TR, A R IREN B IR R AT R IR R E T T A
HABELNE S, B 178 1 (Sarpol-e-Zahab 3 ) 7E 1 Fl AT 20l (10 0 K0 RURE finkt B Pl i) e B 4.
T LI EA R R, A S T AT, Hanks 78 3R RUBE Bk K B A 8 BLH g AT TR,
N — AN A (Fe 1) T U676 — N AR K BT AR R fo B fe, BIEE /N S IR AIZE £ JI1THREE 1)
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Figure 1. Fourier spectrum of acceleration recorded at Sarpol-e-Zahab station during Ezgeleh earthquake
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Figure 2. Fourier amplitude spectrum (L) of acceleration recorded at Sarpol-e-Zahab station during Ezgeleh earthquake on
linear-logarithmic scale; fg low frequency and f, high frequency
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Figure 3. Fourier amplitude spectrum of horizontal component of acceleration (L) recorded at Sarpol-e-Zahab station on li-
near-logarithmic scale
3. Sarporl-e-Zahab & SATEL MEXTE AL AR T IR E DR K FE 7 2 (L) HEMRIETE

Anderson F1 Hough AfF 78 1 V25 i J52 (0 fef B P35, 45 R 485 10 2 ek B 7 4 BL R 8 i A T DUF R
XFIR[1]:
a(f)=Ae™, f>f, (1)
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2. XHBEFRSMRSGZE
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3 4 AR T R R R T 7 A QAT R 4
hS
k:Q(fL)cXﬂc+stﬂs (5)

L iR AR S KE, h REREE, Q&KEMIK T, B &R=WHE. (5)=1, kappa A
LU 725 32K, kappa {ELRE YRR B 3G R K, AR Ron, LEIAEL RN,

Anderson A1 Hough [1]#1 Castro et al. (2000)iA A kappa S50 #i T 5+ £& B A2 A E AP ). Castro 257E
= KH] Umbria-Marche $th[X $2 Hi kappa Z$07E 70~80 km #5556 Fl 9 3 K, 76 70~100 km B 25 76 Fl P /)N
[10]. L8R kappa [EAMUKEREE ISR, SO 137 IR R R B RO A 1R il AR % . Douglas 55
NS A AR 3 ) kappa S350 IEM 1 & A 3530 kappa S50 T #3501 kappa % 16
e 7 L HL X A A 3 U kappa 230, X 5 RT AT T2 AR R [11].

I 1, LR T TR kappa fELAS [F] DX SR 4R R L A

Table 1. Kappa values for different regions
%= 1. FRIXIEAY kappa &

No Researchers Year Region Kappa values range
Alluvium: k = 0.066 s + (0.000126 s/km )R
1 Andﬁgsuognhand 1984 California consolidated sediments: k = 0.065 s + (0.000172 s/lkm 1R
rock: k = 0.040 s + (0.000380 s/km 1R
2 Hatzidimitriou et al. 1993 Greece Koaverage = 0.057
3 Castro et al. 1996 Friuil, Italy Koaverage = 0.03
4 Hough et al. 198 ANz a"ayi fié‘rrs]‘i’:them Cal- ko = 0.0003~0.0181
5 Bay et al. 2003 Switzerland ko =0.015
6 Ghasemi et al. 2003 Bam, Iran k =0.0187 + 0.0004R¢; (R?=0.603)
7 Bay et al. 2005 Switzerland ko =0.0125
8 Morasca et al. 2006 Western Alps ko =0.012
9 Douglas et al. 2010 Mainland France Krock = 0.0207 + 0.000175R;
Aegion, southwestern part
10 Ktenidou et al. 2013 of the Gulf of Corinth Ksoit =0.0270 + 0.000175R;
Greece
Station at the valley centre
11 Ktenidou et al. 2015 EUR'\(I)OSrtIEhIeSr'rI]'%SrZe\(/:zIIey, Kas = 0.0GEI_ + 0.00048R, = 0.011 (R2 =0.78)
Downhole stations; k; ,s = 0.021 + 0.00048R, + 0.008
(R*=0.47)
0.043 R <40(km)
12 Samaei et al. 2016 Ahar-Varzagchan, Iran k(R)=40.0126 +0.00076R 40 <R <130(km)
—0.055+0.00128R R >130(km)
13 Kumar et al. 2018 Western India Epicentral distance: k, = 0.0208 + 0.00004458R;

Hypocentral distance: k, = 0.0381 + 0.00009021Ry;,
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3. fREAFERBAY Kappa ESHIMEE

PP R DO R, LR SR SR R A o B BTSSR R R R A A, THEREAN X Kk fE
¥ FBORZE, BN kappa EAEWEL AR RIEE WK, SRR TSR ] 7 AbAT A B X,
BFEAFE XK. AEE N RAZAF AL TR A XIRT) kappa 240, WA ZMHbiEdr . it
T B AT AT E M5, @ EBIEAANE kappa S JUANAS A X1 & 36 2 18] 7= A i
HEEIC T Kk, AR BOET T SR i T AT B TR A M R R [12] o SR JEARME AN R AT K
A M R R AE R — M RE A IR R E SR T B kappa £5 A BRI ET I M B A IE o X a1 4 s . MBI R
A LAE S, HEATEEAEE 15, 164 25 HifEH5 . Karimiparidari 2 AB2 TR HEE S X E, ©
SERET BB TGS . MO . RGO RE VS B H A T R I AR P, MR R AR AR 1K L b X R
AT ) b R T SR 25 A GIS BEE[12]. SR JE, il TR A — AN M RE A AR 2 MR AT S SR I R —
MRS E . SRER, 15 XKRA 4 HE, 29 FNEFidsk. 16 X &4 5 ihE, 42 i
FEigsk, 25 X & 1 RHGE 5 i idsk. B 5 NP B MG o X B, Hoh s T A
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Figure 4. The latest seismic zoning of Iran (Karimiparidari et al. 2011)
4. {FEARETAYHEE XX (Karimiparidari et al. 2011)

T/ NT B 5 23t = 51 S AN B S e ] Yy 8 TR, 7E XA A R T 8 RO,
2. F 3K A HBIH TS 15, 16 F1 25 M= Frfd R H R A NG T . T 1% S8 M FE X W
TR BHNE, NI R AN = g R P2 .
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Figure 5. Seismotectonic zoning map of the west of Iran as well as accelerometer stations and earthquakes in the west
5. fFRATEERAY I R ADIE 3 X B LUK P RRAD (X 3t R RN B v & i 43 7 [

M, =0.066M +2.11, 2.8< M, <6.2, (Erdik et al. 2012) (6)
M, =0.93M, +0.45, 6.2< M, <8.2, (Erdik et al. 2012) (7)
M, =0.85M; +1.03, 3.5<M, <6.2, (Scordilis et al. 2006) 8)
M, =3.73L,M -0.51, 3.5< M, <6.2, (Shoja-taheri 2007) 9)
M, =0.9177M +0.619, (Emami et al. 2014) (10)

AL R SeismoSignal F A X B 7t id kAT HE LA IE AR 75 22 B [13]. Rk, &% 0.2~25 Hz Z IR
PR, HARHRITIEN . K6 ME 7 o5 T 2017 4F 11 H 12 H Sarpol-e-Zahab ¥l Ezgeleh H17% 7K
4y BB IE B JE B B il

SRIG T AREANC SRR IR KT 23 S (L, T) A isk 8 R et o ool 2 ot 28 ) ol B et s P s Al
L kappa (K) S35, 7Kl 7 A58 (1328 1) 2 ) R 2 B 3 8 L R e i (FE X A & 1), #5%6aK
(L) P52 [T B B SR, B ke

In(A(f))=In(A)-nfk (12)

R REE T (10), SR e/ SRR e 03l P A I B iR HEAT — B R P kB

{E AT U N AR S v 58t TR IR BT A AKCF 208 LA T, FrAREAS - B0 k 2053 i 5
BRI EIE . XN SHRIT A

k=—2 (12)

T
KA, 1 REEBAAELNEIE FIRRAETR fe M f 28 BT MR REA I K2R LT,
BT AR 73 81 K B3 5, M e P ME . XA SR T ST HORE i DX A A R 1 SR (P
AP E)FRIAE 2, R 3FE 4, N TIHHEMEE kappa X = PEEE (RFIAKBIL R iR T
Bui SN R EEE, JR TR, K5 RZIAKSER BT LU & XA 1id & i E K 5%
B2 R Z 8] (A 8] A KR -
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Figure 6. Corrected (blue) and non-corrected (red) acceleration time series, velocity and displacement of component (T) at

Sarpol-e-Zahab station
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Figure 7. Corrected (blue) and non-corrected (red) acceleration time series, velocity and displacement of component (L) at

Sarpol-e-Zahab station
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Table 2. Kappa values (k) for horizontal components L and T and their mean for zone No. 15
2 2. 15 SXFKFESE L. T # kappa EREIHE

NO. Station Fame . mmber  mmidyy  asgm MY G D (e
1 Sarpolezahab Ezgeleh 7313 11/12/2017 39 7.3 0.056 0.063 0.0595
2 Kerend Ezgeleh 7302 11/12/2017 66 7.3 0.0515 0.0517 0.0516
3 Eslamabadqarb Ezgeleh 7313 11/12/2017 96 7.3 0.0602 0.049 0.0546
4 Soomar Ezgeleh 7375 11/12/2017 106 7.3 0.707 0.06 0.3835
5 Homail Ezgeleh 7294 11/12/2017 125 73 0.085 0.083 0.084
6 llam1 Ezgeleh 7341 11/12/2017 138 73 0.0707 0.07 0.07035
7 Loomar Ezgeleh 7385 11/12/2017 161 73 0.066 0.066 0.066
8 Komijan Mianzulan 2250 8/21/1998 89 5.1 0.0854 0.073 0.0792
9 Qahavand Mianzulan 2007 8/21/1998 77 5.1 0.0828 0.07811  0.080455
10 Bahar Mianzulan 2182 8/21/1998 66 5.1 0.0597 0.0463 0.053
11 Hamedan3 Mianzulan 2190 8/21/1998 53 5.1 0.0435 0.0423 0.0429
12 Kohnoosh Mianzulan 2210 8/21/1998 51 5.1 0.0495 0.0451 0.0473
13 Toyserkan Mianzulan 2206 8/21/1998 29 5.1 0.0463 0.044 0.04515
14 Malayer Mianzulan 2021 8/21/1998 27 5.1 0.0651 0.0574 0.06125
15 Firoozan Mianzulan 4026 8/21/1998 110 5.1 0.0518 0.0572 0.0545
16 Noor Abad Silakhor 4024 3/31/2006 104 5.9 0.0675 0.0722 0.06985
17 Giyan Silakhor 4033 3/31/2006 88 5.9 0.0667 0.0597 0.0632
18 Nahavand Silakhor 4038 3/31/2006 80 5.9 0.0521 0.0558 0.05395
19 Khoram Abad Silakhor 4019 3/31/2006 63 5.9 0.0393 0.0532 0.04625
20 Shool Abad Silakhor 4055 3/31/2006 59 5.9 0.0361 0.0458 0.04095
21 Tooshk-e-Ab-e-Sard Silakhor 4035 3/31/2006 41 5.9 0.0261 0.0287 0.0274
22 Chaghalvandi Silakhor 4018 3/31/2006 41 5.9 0.0264 0.034 0.0302
23 Dorood Silakhor 4022 3/31/2006 23 5.9 0.0312 0.0418 0.0365
24 Chhalan Choolan Silakhor 4027 3/31/2006 9 5.9 0.027 0.0274 0.0272
25 Konar Takhteh Baba Monir 5198 3/31/2006 56 5.2 0.0578 0.053 0.0554
26 Dogonbadan Baba Monir 5196 3/5/2011 55 5.2 0.045 0.0412 0.0431
27 Basht Baba Monir 5195 3/5/2011 38 5.2 0.0661 0.0511 0.0586
28 Baba Kalan Baba Monir 5209 3/5/2011 38 5.2 0.0349 0.0417 0.0383
29 Baba Monir Baba Monir 5194 3/5/2011 8 5.2 0.028 0.0288 0.0284
Table 3. Kappa values (k) for horizontal components L and T and their mean for zone No. 16
= 3.16 [X13 kappa EHIKESE L. T REFEHE
No. smn S Rmags B e, o Kem ok

1 Booshehr5 Dalaki 6076 11/28/2013 72 5.7 0.0604 0.0686 0.0645

2 Bandar-e-Rig Dalaki 6077 11/28/2013 72 5.7 0.0607 0.0555 0.0581

3 Ali Hosgini Dalaki 6060 11/28/2013 67 5.7 0.059 0.059 0.059

4 Ahram Dalaki 6059 11/28/2013 52 5.7 0.0524 0.0482 0.0503
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Continued

5 Chehel Zaree Dalaki 6062 11/28/2013 51 5.7 0.0422 0.0518 0.047

6 Shabankareh Dalaki 6068 11/28/2013 38 5.7 0.0412 0.0383 0.03975
7 Konar Takhteh Dalaki 6067 11/28/2013 20 5.7 0.0366 0.0383 0.03745
8 Dalaki Dalaki 6063 11/28/2013 11 5.7 0.031 0.332 0.1815
9 Shabankareh DareShur 3245 3/2/2004 61 5.4 0.0577 0.0541 0.0559
10 Booshehr5 DareShur 3235 3/2/2004 50 54 0.0455 0.0482 0.04685
11 Booshehrl DareShur 3255 3/2/2004 47 54 0.055 0.034 0.0445
12 Saed Abad DareShur 3237 3/2/2004 46 54 0.0415 0.065 0.05325
13 Ali Hoseini DareShur 3244 3/2/2004 29 54 0.0504 0.0375 0.04395
14 Borazjan DareShur 3242 3/2/2004 29 5.4 0.0477 0.0511 0.0494
15 Ahram DareShur 3241 3/2/2004 14 5.4 0.032 0.0504 0.0412
16 Abad DareShur 3239 3/2/2004 6 54 0.0322 0.0282 0.0302
17 Dasht-e-Abbas Siah Gav 5446 5/3/2012 53 5.5 0.0723 0.0742 0.07325
18 Moosiyan Siah Gav 5448 5/3/2012 51 55 0.0675 0.075 0.07125
19 Dehloran Siah Gav 5447 5/3/2012 47 55 0.0675 0.0667 0.0671
20 Dareh Shahr Siah Gav 5453 5/3/2012 43 5.5 0.0518 0.0477 0.04975
21 Abdanan Siah Gav 5452 5/3/2012 31 5.5 0.0402 0.0504 0.0453
22 Pol Dokhtar Siah Gav 5451 5/3/2012 30 55 0.0489 0.0536 0.05125
23 Murmuri Siah Gav 5449 5/3/2012 17 55 0.0383 0.0351 0.0367
24 Sar Dasht Mormori 6348 10/15/2014 85 5.6 0.1025 0.0732 0.08785
25 Dehloran Mormori 6344 10/15/2014 65 5.6 0.0781 0.0733 0.0757
26 Moosiyan Mormori 6346 10/15/2014 52 5.6 0.0703 0.0611 0.0657
27 Dezfool Mormori 6359 10/15/2014 47 5.6 0.0577 0.0556 0.05665
28 Hosseiniyeh Olya Mormori 6419 10/15/2014 33 5.6 0.0703 0.0675 0.0689
29 Murmuri Mormori 6345 10/15/2014 32 5.6 0.0564 0.0585 0.05745
30 Dasht-e-Abbas Mormori 6350 10/15/2014 18 5.6 0.0402 0.0443 0.04225
31 Eyvan Mormori 6338 08/18/2014 184 6 0.0927 0.0959 0.0943
32 Saleh Abad Mormori 6342 08/18/2014 167 6 0.0536 0.0767 0.06515
33 Lali Mormori 6281 08/18/2014 137 6 0.0694 0.0552 0.0623
34 Sar Dasht Mormori 6286 08/18/2014 110 6 0.065 0.0834 0.0742
35 Pahle Mormori 6285 08/18/2014 86 6 0.0722 0.0854 0.0788
36 Bisheh-Deraz Mormori 6276 08/18/2014 70 6 0.0412 0.044 0.0426
37 Andimeshk Mormori 6277 08/18/2014 66 6 0.0585 0.0703 0.0644
38 Dareh Shahr Mormori 6278 08/18/2014 64 6 0.0503 0.0511 0.0507
39 Pol Dokhtar Mormori 6284 08/18/2014 59 6 0.0518 0.0675 0.05965
40 Hosseiniyeh Olya Mormori 6311 08/18/2014 55 6 0.0463 0.0431 0.0447
41 Abdanan Mormori 6275 08/18/2014 48 6 0.0477 0.0494 0.04855
42 Dehloran Mormori 6279 08/18/2014 39 6 0.0412 0.0466 0.0439
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Table 4. Kappa values (k) for horizontal components L and T and their mean for zone No. 16
< 4. 16 X35 kappa BRIKFESE L. T RETHE

NO. Sation Earthquake name  Record  Date mm/dd/yyyy  Epicenter dis Mw  Kappa (L) Kappa(T) Kappa (mean)
1 Ahvazl Dehloran 4635 8/27/2008 160 5.8 0.0502 0.0458 0.048
2 Alhaee Dehloran 4639 8/27/2008 133 5.8 0.0535 0.0566 0.05505
3 Abdolkhan Dehloran 4633 8/27/2008 99 5.8 0.048 0.0501 0.04905
4 Bostan Dehloran 4636 8/27/2008 83 5.8 0.0364 0.0364 0.0364
5 Shoosh Dehloran 4643 8/27/2008 78 5.8 0.0401 0.0497 0.0449
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Figure 8. Diagram of horizontal components and their mean for zone No. 15
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Figure 9. Diagram of horizontal components and their mean for zone No. 16
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Figure 10. Diagram of horizontal components and their mean for zone No. 25
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Figure 11. Diagram of horizontal components and their mean for the west of Iran
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Figure 12. Correlation of k, with Epicenter dis (km): comparison of the results of this study with existing empirical correlations
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