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1-Introdoction

The construction of earthquake-resistant engineering projects and the stability evaluation for existing
buildings are a crucial issue in seismic areas. The response of constructions and their damages depend
on source parameters and distance to rupture, amplitude, duration, the spectral content of vibration and
local conditions of the site (soil conditions, topography, etc.; Jorjiashvili et al., 2016; Ashayeri et al.,
2018). An earthquake not only destructs directly critical structures by generating the seismic waves, but
also leads to geohazards such as liquefaction, settlement, sand boiling, and the turbidity of spring and
well waters. In such seismically active regions, the seismic hazard analysis is inevitable. The process of
assessing the design parameters of seismic ground motion is called seismic hazard analysis. Probabilistic
seismic hazard analysis (PSHA) is one of the most practical approaches for quantify uncertainties about
future earthquake parameters and combine them to produce an explicit description of the distribution of
future shaking that may occur at a site (Backer, 2013). The method is based on the rate of a past
earthquake determined from the earthquake catalog.

Dezful and Shush cities are historical and second population areas in Khuzestan province. On the other
hand, the presence of different faults in the region demonstrates the necessity for seismic study and risk
assessment of this area. This research focuses on seismotectonic setting and seismic risk analysis of
Dezful and Susa cities using the probabilistic method for 50 km radius.

2- Research methods

In order to assess seismic hazards for a particular region, all possible sources of seismic activity must be
recognized. For these purposes, geological investigations, and recognition of faults, as well as their
geometry in the study area carried out. In this paper, the seismic sources were identified as line sources
based on geological and seismotectonic investigations for the study area. Moreover, the seismic
background of these cities evaluated. The primary seismic sources in the region are faults such as
Lahbari, Dezful, Cheshmeh Khosh, Pir Ahmad, and Balarud fault zone as well as NS1 and NS2
basement faults. Also, all instrumented earthquakes were gathered in the region covering a radius of 50
km keeping Dezful city as the center from the International Institute of Earthquake Engineering and
Seismology (IIEES), Iranian Seismological Center (ISC), and the United States Geological Survey
(USGS). In the next step, the maximum credible earthquake (MCE) and design base earthquake (DBE
(for the various hazard levels measured. Finally, peak ground acceleration of the area for the hazard
levels of 10 and 64% exceedance probability within 50 years calculated. Then, hazard maps of peak
ground accelerations were delineated for the selected area.

3-Results and discussion

Probabilistic seismic hazard analysis helps to the safety of critical structures, and optimum siting and
designing of new projects in these cities. The earthquakes of 128 with a magnitude greater than 4
Richter taken place at study area in 1965-2018. Moreover, the maximum frequency percent was
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24.39 and occurred in 1974-1982 — the ground motion parameters estimated by probabilistic seismic
hazard analysis in different probability. For return periods of 25, 50, 100, and 200 years, results show
that the maximum magnitude of design base earthquake (DBE) is 5.4, 5.6, 5.9, 6.1 Richter,
respectively (Table 1). For Dezful city, the maximum acceleration of design base earthquake and
maximum credible earthquake calculate 0.22 and 0.33g, respectively, using Donovan equation. Also,
these parameters, for Susa city, estimate equal to 0.24 and 0.36g (Table 2). The seismic zonation
maps revealed that the highest risk of the area located in middle and northern parts.

Table 1. The result of computation of peak ground acceleration for Dezful and Susa cities during a 50-
year return period according to Donovan's (1973) formula.

Distance | Distance Magnitude Acceleration (g)
Fault name | to Dezful | to Susa (Rikhter) 0.64 0.37 0.10

km km

(km) (km) 0.64 | 0.37 | 0.10 | Dezful Susa Dezful Susa Dezful Susa
Dezful 2.9 28.8 022 | 009 | 026 | 011 | 033 | 014
Balarud 625 441 005 | 007 | 006 | 008 | 007 | 010
Cheshmeh 48 243 006 | 010 | 007 | 012 | 006 | 0.16
Khosh
Pir Ahmad 26 47 010 | 006 | 012 | 007 | 015 | 0.09
Basement | /5 4 57.6 007 | 005 | 008 | 006 | 010 | 0.08
fault NS1 56 59 6.4
Basement
e | 141 12 014 | 024 | 017 | 027 | 021 | 036
Lahbari 32.93 51.2 008 | 006 | 010 | 007 | 013 | 006
segment 5
Lahbari 3222 | 5004 009 | 006 | 010 | 007 | 013 | 006
segment 6
Lahbari 32.2 441 011 | 007 | 013 | 008 | 016 | 010
segment 7

4-Conclusion

Planning and developing of construction in big cities and the vicinity regions demonstrate the necessity
for urban engineering geology study and identifying geohazards in particular seismic risk. The
Probabilistic seismic hazard analysis is an effective method for mitigating seismic hazards during
probable future earthquakes. According to the International Institute of Earthquake Engineering and
Seismology classification for seismic acceleration, results show that these cities located in very high
class for the acceleration of maximum credible earthquake. Whereas, for the design base earthquake
(DBE), Dezful and Susa cities fall in the medium class. Results of the seismic study lead to protect lives
and decrease economic risks when a probable earthquake occurs in the study area. Therefore, it is
necessary to retrofit the historical and worn-out urban structures.
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. Distance to Distance to L
Fault name | Fault length (km) Fault type Strike Aspect Susa (km) Dezful (km) Activity
Dezful 50 Thrust NW-SE NE 28.8 2.9 Quaternary
Bala rud 80 Thrust W-E N 44.1 62.5 Quaternary
Chkerfg‘smher‘ 50 Thrust NW-SE NE 24.3 48 Quaternary
Pir Ahmad 30 Thrust NW-SE NE 47 26 Quaternary
Lahbari 150 Thrust NW-SE NE 40 16 Quaternary
Basement Strike slip with Thrust .
fault NS1 51 component N-S Vertical fault 57.6 43.3 Quaternary
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Coxy g gl A3 s (FYlaol - 5kl )l

e it A s b e ) llae Lol s
O bbb e g ($e505 ) 4z B s Bl slanys ) caihie sla
Sl e o3 GeosS YLl (355 50 500 S5 Sl sl e
W Gilie oMbl cloolSyl 5 45 al dilata o ol sladl3l; &5 5
S1aalsly A A3l ol sl o 3o ol 3 il
5L OY) Y- VA 51450 glalo ey oilej ol o b o alKians
SSop b A YAD olass pwyy 9550 00g9me p0 lal ol Lull 0o §
e g ey B Sop Glls A VYA &5 clsls ) i, ¥l A
Sl s e slaiiy s bl SThe 3505 S8 axl
el ilaie 5] i ol sla S g Jsb 5l Sl

Cosl ol wge oud oo slaaljf; e9dy o (JIgld @8 Sged imizen
E389: 1991 B 1AVE (ola Jlo ey dlold 4o laal3l; cpl 5l amys FY o5
(Y USCs) sl g

e e it 3 F 5 el ol 8 i (B U
sl i1 a8 235 amt Glpe ol al g s ol |y gl
gy 5o Wal 3l b SI/AYIY sgas il oo Javwgio U Gac oS g4 5l adlato

ER98 () Awgy) (Swia )0 LTV 50> 5 ogm, Gidigy 5 YL
oS el LV aiisS 0 bl 5l LFEA olas, arg LB 4S5 liasgn
ol ddlaie ol )0 ding pades sbcdled sg>g S LS

50 6ol Cuenl i)y slog, ol g SuiSTy g, BBs axlas
IS s peed 4 )l dalllan 3550 dilate (53305 Jemilly 35500
s 3 walil; Sledbl 5 Lol (g sl il slas byl Jolhe 0 iege
SYlixl -6 bl sla by, sl asdlas 550 0,508 0 00 ol (>ls
“oyes 9 Gnpodle 1 (S aS el ool il il Slas Ll gl (6 ks
—S S (g ey ey e oyl e sl by, o0y
Sorm Oyl @ie 5l adlaie jo o) (rej £589 Sl (28 L el s
g |y (V) alay g oo eaiS

P (t) =1-exp(~Nt) V)

ULyt oy e o M (5,5 L aly); £984 Loz P(t) abayly ool o
sl daloms LB (V) abal 51 a5 sl oo a3 (razs gl N

N Ina-PR®)

sk 5&0)55 $lp a5 dulxe N 5 ba polide dwle b

20,5 o o (V) alaly 53, 5l aliBee g8y Jloixl s yo g
a—LogN

(V) abasl,

M = D)

b _ .
5 5o b by L, Jlasl 5 Jlaiol sloally (5550 csosgl ot
Jizl as o o olis (b Jud) o)) lhdsis 51 S o 5l alold (8§

® On

baus

Low: 338

Mo 443
B g 4580
oy high: S04

sy Oy90 03g5e 10 4LiAS L OF (b jo colog, alKiws sbodlily 55 sanany, -7 IS
Fig. 6. Magnitude mapping of occurred instrumental earthquakes during 53 last years in the study area.

yvAa



Y O)LQ.J:: A 0,99 AA ).;ul.:

a

.y oS . B
A8 6‘323)[5 «5““’LW’ o) Jn:ldy,/'ahéh
e
24/39
25
20 1707 17/89
s 15/45
= 15 1201 12119
g
o 10
(]
firg
5
0

1965-1973 1974-1982 1983-1991 1992-2000 2001-2009 2010-2018
Time (year)

2 Sllas 00gams ;o 0o cud sty £o8y Sl Sl mje Jloges -V S

Fig. 7. Instrumented earthquake frequencies plot in the study area.
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Fig. 8. The frequency distribution plot of focuses for occurred earthquake in the study area.
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Fig. 9. The Gutenberg — Richter's frequency distribution plot for recorded earthquakes in the study area.
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Table 2. The result of computation of magnitude for return period of 20, 50, 100, 200 years in 10%, 37% and 64% probability.

Return period (year) (%) Probability a N LogN b M
0.10 7.07 0.421 0.375 1.20 6.2

25 0.37 7.07 1.848 0.267 1.20 5.7
0.64 7.07 4.048 0.611 1.20 54

0.10 7.07 0.211 0.676 1.20 6.4

50 0.37 7.07 0.924 0.034 1.20 5.9
0.64 7.07 2.043 0.310 1.20 5.6

0.10 7.07 0.105 0.977 1.20 6.7

100 0.37 7.07 0.462 0.335 1.20 6.2
0.64 7.07 1.022 0.009 1.20 5.9

0.10 7.07 0.053 0.278 1.20 7.0

200 0.37 7.07 0.231 0.636 1.20 6.4
0.64 7.07 0.511 0.292 1.20 6.1

Al 00 S 3lhoysd slp Lagd g 5950 (sumex ST sl (DONOVAN, 1973) Jlasl og, 4 ol 5,51, - Jga
Table 3. The result of computation of peak ground acceleration for Dezful and Susa cities during a 50-year return period according to
Donovan's (1973) formula.

Magnitude Peak ground acceleration (g)
Distance to Distance to (Richter)
Fault type Dezful (km) Susa (km) 0.64 0.37 0.10
0.64 | 0.37 | 0.10 | Dezful Susa | Dezful | Susa | Dezful | Susa
Dezful 2.90 28.80 0.22 0.09 0.26 0.11 0.33 0.14
Bala rud 62.50 44.10 0.05 0.07 0.06 0.08 0.07 0.10
Cheshmeh khosh 48.00 24.30 0.06 0.10 0.07 0.12 0.09 0.16
Pir Ahmad 26.00 47.00 0.10 0.06 0.12 0.07 0.15 0.09
Basement fault NS1 43.30 57.60 56 59 6.4 0.07 0.05 0.08 0.06 0.10 0.08
Basement fault NS2 1.20 14.10 0.14 0.24 0.17 0.27 0.21 0.36
Segment no. 5 of 32.93 51.20 008 | 006 | 010 | 007 | 013 | 0.09
Lahbari fault
Segment no. 6 of 3222 50.04 009 | 006 | 010 | 007 | 013 | 009
Lahbari fault
Segment no. 7 of 32.20 44.10 041 | 007 | 013 | 008 | 016 | 0.0
Lahbari fault
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Fig. 10. Earthquake acceleration zonation in Donovan's method (1973) for study area. a) 10 percent probability, b)
64 percent probability.
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