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“A history of Persian Earthquakes”, Melville, C.P, Cambridge Earth Science Series,
2005.

“Comments for the Significant Earthquakes”, NGDC.

«Seismic Source of the Transcaucasian Historical Earthquakes”, M. Berberian, 1997.
«Paleoearthquakes and slip rates of the North Tabriz Fault, NW Iran: preliminary

results”’, K. Hessami, 2003.
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Fig. 2a-c. a) Small-scale regional map of active faults in NW Iran-Eastern Turkey (after Jackson and McKenzie,
1984). The rectangle encloses fig. 2b. b) Simplified map of the NTF and location of historical earthquakes,
modified after Berberian (1997). Rectangle encloses fig. 2c. ¢) NW section of the North Tabriz Fault (after
Karakhanian et al., 2001). Rectangles enclose figs. 4a,b and 6.
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2/20/1960
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2/20/1985

59:06,0

37.029

37.645

4/3/1985

_"[4.7‘.).0

38.007

4/9/1985 A,

31:06.0

39.319

12/29/1985

55:26.0

38.724

3/39/1986

31:06.0

38.961

5/11/1986

29:14.0

36.973

7/10/1986

57:16.0

38.329

7/12/1986

00:52.0

38.395

7/29/1986

17:37.0

36.458

8/25/1986

21:56.0

37.024

8/28/1986

49:10.0

39.514

7/22/1987

05:07.0

37.877

1/7/1988

59:38.0

38.406

4/7/1988

18:12.0

38.864

6/4/1988

09:00.0

36.959
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7/22/1988

49:33.0

38.921

10/16/1988

35:24.0

38.006

12/22/1988

31:28.0

38.9

12/2/1989

51:59.0

38.453

12/3/1989

39:10.0

38.399

8/2/1990

12:48.0

38.677

9/24/1990

35:14.0

38.16

7/5/1991

52:19.0

36.653

12/8/1991

02:06.0

38.316

3/5/1992

30:16.0

38.361

3/13/1992

30:23.0

36.824

4/26/1992

15:51.0

37.869

11/6/1992

28:46.0

38.04

3/15/1993

32:42.0

38.233

3/30/1993

25:21.0

38.301

4/8/1993

48:03.0

37.851

5/25/1993

38:25.0

37.557

7/29/1993

39:35.0

36.812

11/2/1994

31:04.0

38.24

2/22/1995

29:42.0

38.578

5/18/1995

52:06.0

38.379

4/22/1996

42:34.0

39.223

6/18/1996

11:05.0

39.08-74\

2/28/1997

57:20.0

38.108.)"

10/10/1997

35:34.0

~38541

11/9/1998

36:44.07)

11/18/1998

379210

38.081

38.41

2/19/1999

_\-‘O; 'rJ.O

38.706

3/9/1999 A,

42:04.0

39.131

8/19/1999

33:14.0

38.405

2(/26/2000

43:49.0

37.364

2/26/2000

18:37.0

37.366

2/1/2001

42:53.0

38.663

6/12/2001

46:49.0

39.095

12/2/2001

05:24.0

37.535

3/5/2002

54:26.0

38.331

3/6/2002

13:01.0

38.525

4/7/2002

50:29.0

38.398

6/20/2002

55:02.0

38.64

12/9/2002

50:57.0

36.667

2/20/2003

23:06.0

38.346

21




2/27/2003

6/5/2003

8/11/2003

10/20/2003

1/24/2004

6/7/2005

9/26/2005

5/26/2006

12/2/2006

4/9/2007

9/21/2007

9/21/2007

11/9/2007

12/1/2007

2/16/2008

7/13/2008

9/2/2008

10/3/2008

2/2/2010

8/8/2010

3/14/2011

3/25/2011

5/27/2011

8/11/2012

12/23/2012

4/18/2013

6/28/2013

9/27/2013

11/5/20134,

12/15/2014

1/24/2015

$/1/2015

9/16/2015

3/6/2016

3/24/2016

6/22/2016

6/22/2016

8/2/2016

9/3/2016

8/27/2017

12/2/2017
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QMQOMOQ‘QMM.)—J)#;‘SMB ®

(o N e sl o ;= S i3S alal, O

(Mg

ls a3l olows log,
38 -0.4202164
24 -0.619788758
10 -1
3 -1.522878745
1 -2

G-R for sourcel

y =-1.0157x + 3.7626

\J\J)A.':

a=3.7626 a = 2.303a = 2.303 X 3.7626 = 8.6652
b=1.0157 p =2.303b = 2.303 x 1.0157 = 2.3391

v = Amo — 10a—b(m0) — 103.7626—(1.0157)(4-) =05




Goys &l 4l Jod) Yoo lp i = 5,555 alal) (Y

@) Jga=

o aJyl; oloss logh,
21 -0.67778
12 -0.92082
4 -1.39794
2 -1.69897
1 -2

G-R for source2

y =-0.9382x + 3.1082

YJ\.J)A.':

a=3.1082 a = 2.303a = 2.303 x 3.1082 = 7.1582
b=-0.9382 p = 2.303b = 2.303 X 0.9382 = 2.1606

v = Amo — 10a—b(m0) — 103.1082—(0.9382)(4) =0.2266




(O Vle-(s93 Jud) Vs lp yiiy = oS alasly (Y

() Jsi=

o aJyl; oloss logh,
19 -0.721246399
13 -0.886056648
10 -1
7 -1.15490196
1 -2

G-R for source3

W >-1.4132x + 5.0655

m

Y‘J\J‘jA..!

a=5.0655 &= 2.303a = 2.303 X 5.0655 = 11.6658
b=1.4132 p =2.303b = 2.303 X 1.4132 = 3.2546

V= Amo — 10a—b(m0) — 105.0655—(1.4132><4) = 0.2586




a=3.4726
b=1.0128

(o83 o) Fario sl yit ;= 5,565 alal, (F

(V)Jga=>

o aJyl; oloss logh,
30 -0.52288
10 -1
3 -1.52288
2 -1.69897

G-R for source4

4.7 4.9 51

¥lasad

a&\2.8303a = 2.303 X 3.4726 = 7.9973
p7= 2.303b = 2.303 x 1.0128 = 2.3324

v = Amo — 10a—b(m0) — 103.4—726—(1.0128><4-) = 0.2638




(Gle Jod) Do sl ity = 550555 alail, (0

AN Jga=>

o aJyl; oloss logh,
4 -1.397940009
3 -1.522878745
1 -2

G-R for source5

y=-0.6518x + 1R71

A‘)‘J‘}Ai
a = 2.302¢=12.303 x 1.271 = 2.9271
B 2.303b = 2.303 x 0.6518 = 1.5011

{ me = 10a—b(m0) — 101.271—(0.6518)(4-) = 0.0461

G-R all,
logh,, =3.7626-1.0157m

logA, = 3.1082-0.9382m
logA,, =5.0655-1.4132m

log,, =3.4726-1.0128m
logA,, =1.271-0.6518m
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(1239) Zare alal -\

l0g(A)misz = aM + bR — log(R) + C;

«(Y+ V) Ghodrati all Y

|n(Y) gals=— Cl + CZM + Cgln(R)

«(Y+ 1Y) Campbell alal-¥

In(Y) g= f mag + f dis
f mag = Co + C1M + C2(M-5.5) + C3(M-6.5)

f dis = (Ca + CsM) In(y/ R2 + C?
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Campbell
----- Zare

=+ = Ghodrati
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0.000001
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Intensity (g)
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:(1449) Zare alal,

Intensity value (gals) for return period of 475 years

1E+02

Intensity (gals) Period (zec)

<

\ + (Y- +Y) Ghodrati all,

*

Exceedance rate (1fyear) for intensity at 0 sec Save I@wf\mlue (gals) for return period of 475 years

\
\

l
|
I

\

\

\

1E+02

Intenzity (gals) Period (zec)




«(Y+V¥) Campbell all,

Copy Save Copy

Exc. probability in 1 years, for intensity at 0.000 sec Intensity (g) for exc. probability of 2.10E-03 in 1 years

1E+00 8.00E-01
7.00E-01 /\
\ §.00E-01 (
5.00E-01
4 00E-01

3.00E-01 \
2.00E-01 \

N
1.00E-01 \

1E-01 1E+00 0.000 0.500 1.000 1500 2.000 2.500 3.000
Intensity. g Pericd, sec

6 (0.2)

Z 63(’)2}
\ 7(0.35)

5(0.25)

Campbell ( 0.4)

6 (0.15)

Zafe)s0.4 ) o303

Y

¢ 7.5 (0.25)

\Y

Ghodrati ( 0.2) / 6.5 (0.1)
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Campbell (2014)

Ghodrati (2007)

Zare (1999)

(Jlo) cisbeygo

0.11

0.22

0.12

75

0.35

0.44

0.26

475

0.63

0.71

0.44
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NERA acly o
Olyie 4 AJLFYD piSlas ol 4 1, Tabas 3 Morgan-hill Kobe sles 5, 15 51 al> 1 ol 4o
- Kobe 1995 earthquake, 0 KIMA station

- Morgan Hill 1984 earthquake, 57217 Coyote Lake Dam (SW Abut) station for
MORGAN/CYC195

- Tabas 1978 earthquake, 9101 Tabas station for TABAS/TAB-TR

PGAse =035  SF=— = 2857

o Cowd 4 83,55, 5 rdd o 3, ool e Jlaie Scale factor ,sls s Seismosignal o

ol

ooy b 8 > s sl NEFa 1580 0 5 5l eolatul b 5 sl 58 059, 2 p5Y Sldol ol
o Y (B8 L Kisle o o

Es+=1.70 gricm?a Vg=250
Xa=LA&% Y/ em3 Ve =350

Lo\ 50 or/em3 V=300

seed Joe 9o 5l a¥ (6,8 Jow lpaiie vy i 5009 sl awle V5l 25 )5 JEo L e 40y
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5 oS oo Syly 1y 0,55, 5o 5l eael cuns a4 lis polis Earthquake oo o Nera I3l 6,5 0

iy Glp diged (lgie @ mudd (oo ot (20,5 0,9 45 (60,55, £95 4 axgi L) g e Sl
Kobe

Loma Prieta Earthquake:Diamond Height
Time step AT (sec) = 0.02
Desired maximum acceleration (g) = 0.355
Maximum frequency cut-off (Hz) =
Use filtered input in calculation ? Mo
Import input mation from external file ? Yes
Mame of input file = kobe txt
Tatal number of values read = 7500
Peak Acceleration in input file (g) = -0.8342
Time of peak acceleration (sec) = 0.000
MMean Square Frequency (Hz) = 2.024
Feak acceleration after filtering {g) = 0.355

VE S

Lugi 5,65, b ou; e |, Process earthquake data 4. 35 4 soi; Nera s,y add-ins cos o

o4 1,>I Nera

Acceleration (g)
6L ocooo

L.

—moRNONRED®




S 0 0,lg Profile sheet cud o 55 @00 a1y ls Y Slasie uw

QRDNLRES

b ) b Y Maximum Y gp b Y Depth at
Sail Number of Thickness shear Total unit gar Location epth 2 Vertical
Material sublayers of layer weight wa of water effective

h madulus velocit
Type in layer (m) Gmax (MP3) {kMN/m?) (m_-fsec:}]r. table m stress (kPa)

1 2 4.0 108.31 17.00 250 0.00
2 6.0 2311.01 18.50 350 4.0 65.00
3 6.0 165.14 18.00 300 10.0 179.00
4 14.0 43349 21.00 450 16.0 287.00
5
6
7

Layer
Number

Surface

15.0 111.49 17.50 250 30.0 581.00
450 1098.88 22.00 700 450 843.50

Bedrock 322936 22.00 1200 90.0 1833.50

wY @ bgrye 0,65, b ot o 0)lg 1, o] cwlbis Jlade 5 4Y o les Sheet acceleration cus ;o

ol ey g le b Y ojleds aY 0 0,65, 40,5] s s be Bum aS was 5155,

|, Calculate step by step au ;5 ws,5 Cbssl |, Nera a5 5 oo add-ins cws o)

Al s @ e s (59, 2 Wz 0,55, b o




Acceleration (g)

w
=
i
g
=
=
E
=
E
2
A
=1
]
L

Mumber of sublaver= 1

Depth at top of sublayer [m] = 0.00
Masimum acceleration [g)= 0.313

Time of maximum acceleration (secl = §.86
Masimum relative velacity [emiz) = 37.65

Time of maximum relative velocity [sec) = 5.60

Masimum relative dizplacement [em) = 6.42

Time af maximum relative dizplacement [sec]= 584

e

Sl oged S5y 9 ol 0,65, 4 by e (S K a0 s g) i) (59, oo el g Lol 0,65,

(w‘ 03 u,ul..\.c}.o o)ssjd..?.bﬁ).a

ot
h

=
-

Frequency (Hz)

VY0500




Morgan-hill (v

Number of sublaver= 1

Depth at top of sublayer (m]= 0.00
Maximum acceleration (gl = 0.203

Time of masimum acceleration [sec)l= 4.00
Maximum relative velocity [cmizl= 2143

Time of masimum relative velocity (zec] = 3,838

Maximum relative displacement [cm]= 3.02

Time of marimum relative displacement [zec]= 4.05

-

V5 S

RETPIPRYA 5.1+ I CCARU RN

fe) (89 09 el g (Lol 8,65,

1 Wt 1b.000 15.000 20.000

Acceleration (g)
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e
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=
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<
T
o
2

60
Frequency (Hz)
VO o ged
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Tabas (¥

Mumber af sublayer = 1
Depth at top of sublayer [m] = 0.00
Mawimum acceleration (g] = 0,286
Time of maximum acceleration [sec) = 12.63
Mawimum relative velocity [emis] = 22,33
Time of mawimum relative velocity [sec) = 10.62
Mauimum relative displacement [zm] = 3.56
Time of masimum relative displacement [zec) = .26

- 1
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V7 log0s

Fourier Amplitude (g s)

Frequency (Hz)

VY0500
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Ploged SG o |y 0ad 2Dl 0,65, 5 adsl 055 ) Zuly b anlis

Kobe (1

5% damping Pseudo-acceleration response spectra

Period (s)
VAo ged

Morgan-hill (v

5% damping Pseudo-acceleration respsnse spectra

25
Period (s)

V4,10 400




Tabas (¥

5% damping Pseudo-acceleration response spectra

Period (s)

Yo loged




