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 أًلاً أشكس الله أوو ًفقني في ىرا انبحث 

 

 نكم مه ساىم في انجاش ىره انسسانتًكم انشكس ًالامتنان  

 الأستاذ المشسف عهى ىره اندزاست  بانـدكتٌز الميندض حافظ انصادق بدءاً

 الأستاذ المشسف المشازك عهى ىره اندزاست   ً انـدكتٌز سامس باغ 

 جيد لانجاش ىرا انبحثً ه مه تٌجيو ًوصحٌلما قدم 

 

 ًانشكس نهجنت الحكم

 ىانت حسه ةًاندكتٌز وضال شقيراندكتٌز  

 لما قدمٌه مه ملاحظاث ًتٌجيياث لإغناء انبحث 

 

 انشكس ًالامتنان الى أتٌجو بخانصً

 فيو ًالى كافت انصملاء انعامهين المسكص انٌطني نهصلاشل 

 في ىرا انبحث تقديمياانتي تم  انعهميت  نهدعم ًالمساودة 
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 M=7 – 2111(: صنضال هاٍرٌ ػاو 1-1م )انشك
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12

(Seismology)

(Earthquake engineering)
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(Q3) 

1759

[12](~7.4)

 

2114[3]

 2C    

            

         

               

   . 
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13(Problem Statement)

2114

(SeismicaSources)

 

(Ground Motion) 

(Peak Groud Motion - PGA)
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14(Research Objective) 

 

(PGA) 

 

(Syntheticagroundaaccelerationarecords)

(Design response spectra)

 

 

ورنك تاسرخذاو ػذج أَواع يٍ انرشب 

حسة انرصَُف انواسد فٌ انكود

15(Reference Studies) 

 

 1991

(ProbabilisticAMethod)

1.351g(Return Period)

[22] 
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 2114

(NumericalaSimulationaModeling) [7] 

 2115

(Historical earthquake catalogue)

13651911[29] 

 2111

(Crustal Deformation)

GPS(Slip rate)

2.5[11] 

 2112(SeismicawaveaAttenuation)

(SeismicaTomographyaTechnique)Lg

(Quality Factor - Q0)1

  Q0 61411

[7] 

 2112

(Microtremors)

[1] 
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 2113

 

41[6] 

 211217597.4

[23] 

 2112

(Reverse Faults)

[10]

(ActiveaTectonic)

(DeformedaQuaternaryaSediments)

(Bassimeh fault)
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.[10] مىطمح انذساسح َانصذَع انىشطح انمذسَسح :(1-2انشكم )

23

[2] 22

2161

(C-4)
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 .[2] 1:2000000(: مُلع مىطمح انذساسح عهى خاسطح دمشك انجٍُنُجٍح 2-2انشكم )
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[19]23

[26]

 
 (.2000َآخشَن، Dogan (: انُحذاخ انركرُوٍح انشئٍسٍح فً انششق الأَسط َانصفٍحح انعشتٍح ، ) 3-2انشكم )

DeadaSeaaFaultsaSystem
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(Transform)1111

511

2.5[11]

[21]

Palmyride Fold Belt

411111

(Slip rate)1.3

2[9]

24

2.52116[11]

 
 انثؤس انضنضانٍح َآنٍح انثؤس انضنضانٍح مُالع انى تالإضافحح انمؤثشج عهى مىطمح انذساسح ٍذاخ انركرُوٍح انشئٍسانُح :(4-2انشكم سلم )

[alchalbi  ،2009َآخشَن] 
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7.3511
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241(Historical earthquake)

1911
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747847859991
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242(Instrumental Seismicity) 

1911

(USGS)

1995

2113

2117

[14] 

26(A)19952111

(M>2.0)

62(B)
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 (B)، 2111-1995تٍَ ػايٌ  M>2.0مذس ت انًشكض انوطٌُ نهضلاصل فٌالأحذاز انضنضانَح انًسجهح  :(A)(6-2انشكم )

 فٌ يُطمح انذساسح يغ انصذوع انًذسوسحالأحذاز انضنضانَح انًسجهح 
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(DSFS)

(PFB)
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71.4

2[21]

2112[10]

(Rivers Terraces)

DGPS) 

27

28

61

11111.1
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41

25112.8[10]

 

 

ُضح مُالع انصذَع انمشٌثح مه مىطمح انذساسح كصذع دمشك َتسٍمح : خاسطح ذكرُوٍح ذ(7-2)انشكم سلم 

.(2012أتُسَمٍح َآخشَن )َسشغاٌا َتالً فشَع صذع انثحش انمٍد 
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.[10] َتسٍمح َدمشك صذع سشغاٌامذٌىح دمشك ٌَمطع  عشضً ماس مه جٍُنُجً ممطع (:8-2)انشكم 

26

[4]

1 1MM V

2 1MM VI

0.075g 

3 (2A)

MM VII0.15g 

4 (2B)MM 

VII0.20g 

5 (2C)

MM VII0.25g 

6 3

MM VIII0.30g 

7 4

MM VIII0.40g 
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31

32 

[27]

 (Stochasticasimulation)

(OneaPointaSource)

(FiniteaFaultaRuptureaEarthquakes)
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 (DeterministicaSimulationaModels) 

 

 (Empirical Green’s Function Method)

 

 (HybridaSimulationaMethods)
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(GIS)

 

211,1111
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2. 

 

27

14

21, 11, 10 

34

WindowsDOS

 (Seisan, GeoDas) 
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 (GIS)

 

 

SMSIMBoore 

(2003)[17]EXSIMDariusha وAtkinson ،(2005)[18]

35

(StochasticaSimulation)

1.225 

 SMSIM

(OneaPointaSource)[17] 

 : EXSIM[18] 

SMSIM

EXSIM[18]

36

          

Boore1983 [14]

2113 [17]

Boore

(Path) 

(Source)

(Site Effect)
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(Convolution)

          

 (Source)(Path) 

(Site Effect)31

 

[17] ًَزجح انحشكاخ الأسظَح :(1-3انشكم )

 source * Path * Site 

 انمص  ذس   انمس اس   انم  ُلع  

Ground Motion Simulation 

  

    

  ى        

  ن         

        ن    

  ن    

  ن    

  ن   
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(Convolution)

37 

   

(White Noise)

32

(Fourier transform)

(a, b, c, d, e, f)32

 (White Noise)

32a 

 

(WindowedaNoise)32b 

 (Fourier Transform)

32c 

 

(Normalized Spectral Amplitude)32d 

 

32e

33

57 
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32f 

 

 [16] ُل نهسجم انضمىً نهمصذس انضنضانً،مشاحم انىمزجح انشٌاضٍح نهُص :(2-3انشكم سلم )
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39 

(Stochastic)

(36.20 – 36.48)(33.34 - 

33.57) 2526

651
2

1666
2

34

 

 
 َانمىاطك انمجاَسج. مىطمح انذساسحن 2004 انرساسعاخ الأسضٍح انُاسدج فً انكُد انعشتً انسُسي :(4-3انشكم )

34
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:

  

(Mmax)

(M0)

(Stress Drop)     نهًصذس انًدذسوط لثدم وتؼدذ ان دضج 

 (Geometrical Spreading) 

(QualityaFactor)  

[29]،

[2] [11, 21, 10]

[7]،

 [14]،

.( معاملاخ انمصادس انضنضانٍح انمذسَسح انمؤثشج عهى مىطمح انذساسح1-3ذَل )انج  

Fault name 

 اسم انصذع 

Unit 

 انُحذج

Serghaya 

 سشغاٌا

Damascus 

 دمشك

Bassimeh 

 تسٍمح

Mmax - 7.0 5.0 7.4 - أكثش لذس صنضانٌ يرولغ 

Stress drop - الاج اد هثوغ  Bar 90 140 140 

Strike - ِالاذجا degree 20 61 55 

Dip - يَم يشآج انصذع degree 70 75 75 

Depth of faults - ػًك انصذع km 0 0.3 0.25 

Fault length -  طول انصذع km 100 40 60 

Fault width -  ػشض انصذع km 14 14 14 

Beta سشػح أيواج انمص km/s2 3.7 3.7 3.7 

rho-(crustal density) انكثافح gm/cc 2.8 2.8 2.8 

Damping % 5.0 5.0 5.0 - َسثح انرخايذ 

Quality factor- 310 310 310 - يؼايم انجودج 
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EXSIM

(C-2)

(C-3)

310

(Faulting)

(Strike)

(Dip)(Stress drop)

(Mw)

35

(Strike)

(Dip)

(Rake angle)(Strike direction)

 (Slip direction)35 

 

 معاملاخ انمصذس انضنضانً. :(5-3انشكم )
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 (Lateral strike slip faults)

(Left or Right)36 

 (Dip-slip faults)

(Reverse)

(Normal)

(Tectonic plate)

. 

 
 

صذَع حسة إصاحرٍا َاذجاي حشكرٍا.( أوُاع ان6-3انشكم سلم ) 

Left-lateral strike-slip fault 

 جاوثٍح ٌساسٌحاصاحح صذع 

Normal dip-slip fault 

  مٍهٍحاصاحح صذع عادي رَ 

Reverse dip-slip fault 

 مٍهٍحاصاحح صذع عكسً رَ 

Right-lateral strike-slip fault 

 جاوثٍح ٌمٍىٍحاصاحح صذع 
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41

  

 

        

EXSIM

(Acceleration contour maps)

42

       

           

           

41

12359

14

1.222g

41.146g

41

4116

(PGA)
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1-4انشكم )

1.191g13

4

0.0080.140g

94

 تسًَح ديشك. : لَى انرساسػاخ انؼظًي انُاذجح يٍ انًُزجح انشٍاظَح ػٍ انصذوع انثلاز سشغاٍا 1-4جذول 

site 
 سلم

 انمُلع

Lat_Y 
 خط انعشض

Long_X 
 خط انطُل

PGA 
(cm/s2) 

Serghaya 
 سشغاٌا

PGA 
(cm/s2) 

Bassimeh 
 تسٍمح

PGA 
(cm/s2) 

Damascus 
 دمشك

PGA  
(cm/s2) 

MAX 
 انرساسع الالصى

PGA (g) 
MAX 

انرساسع 

 الالصى

source 
 انمصذس

 سشغاٍا 0.0912 91.2 17.79 63.65 91.21 36.240 33.366 1

 سشغاٍا 0.0906 90.6 14.72 63.6 90.56 36.310 33.366 2

 سشغاٍا 0.0571 57.1 12.27 51.52 57.09 36.379 33.366 3

 تسًَح 0.0461 46.1 7.96 46.07 39.09 36.449 33.366 4

 سشغاٍا 0.1192 119.2 26.71 87.44 119.15 36.240 33.426 5

 تسًَح 0.0809 80.9 21.73 80.89 70.88 36.310 33.426 6

 تسًَح 0.0785 78.5 20.97 78.47 54.45 36.379 33.426 7

 تسًَح 0.0553 55.3 9.88 55.32 39.94 36.449 33.426 8

 سشغاٍا 0.1521 152.1 139.82 132.17 152.07 36.240 33.486 9

 تسًَح 0.1233 123.3 47.59 123.32 95.22 36.310 33.486 10

 تسًَح 0.0963 96.3 23.26 96.31 72.66 36.379 33.486 11

 تسًَح 0.0696 69.6 19.31 69.56 49.55 36.449 33.486 12

 تسًَح 0.2091 209.1 64.57 209.06 190.02 36.240 33.545 13

 تسًَح 0.2224 222.4 138.19 222.38 116.97 36.310 33.545 14

 تسًَح 0.1306 130.6 69.09 130.64 85.62 36.379 33.545 15

 تسًَح 0.1062 106.2 27.22 106.21 43.05 36.449 33.545 16
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ArcMap

(GIS)42

M=7.4

[21]191
2

39
2

 

27 :(2-4)انشكم 
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M=5139
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 8
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: (3-4)انشكم 
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(: خشٍطح يُحَُاخ ذساوً انرساسػاخ انمصوى (5-4)انشكم 

2 
َرَجح انصذوع انثلاثح انًذسوسحنًُطمح انذساسح )

2114

251
2

46

M=7.4

111181
2
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 انرساسػاخ خطوغ ذساوً :(6-4انشكم )

2
 صذع سشغاٍا ػهي انصخش الأساط يوظحح ػهي خشٍطح غوغم ػٍانُاذجح  

47

121221
2
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1 1511.221g
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GSHAP21

1.1111.151gGSHAP

1.1811.241g
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52

 (Response Spectra)    

      

    

(SDOF)       
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5111
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 ( نىسة ذخامذ مخرهفح10م )فً انىمطح سل (M=7.4)ه صذع سشغاٌا نٍضج تمُج عطٍف الاسرجاتح انىاذج  :(1-5) انشكم

 
(.10) سلم فً انىمطح (M=7.4)صذع سشغاٌا نٍضج تمُج  هىع سجم ذساسع صىعً :(2-5) انشكم
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 نىسة ذخامذ مخرهفح( 9فً انىمطح سلم ) (M=7)نٍضج تمُج  تسٍمحه صذع عطٍف الاسرجاتح انىاذج  :(3-5) انشكم

54

9M=7

111
2

 

(.9فً انىمطح سلم ) (M=7)نٍضج تمُج  تسٍمحصذع  عهى سجم ذساسع صىعً :(4-5) انشكم

5513
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151
2

5

1 11.17

 

 نىسة ذخامذ مخرهفح( 13فً انىمطح سلم ) (M=5)نٍضج تمُج  دمشكه صذع عاتح انىاذج طٍف الاسرج :(5-5) انشكم

56

13M=5

51
2

 

(.13فً انىمطح سلم ) (M=5)نٍضج تمُج  دمشكصذع  عهى سجم ذساسع صىعً :(6-5) انشكم
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(A)

5(B)51

52

51(A & B) 

52

 طشٌك -ألشب مىطمح أَ مذٌىح  ومطح انذساسح

 يشكض يذٍُح انكسوج  1

 جثم انًذوس-حشجهح   2

 َج ا -ػادنَح  3

 لشيشَح -دٍش انحجش  4

 اششفَح صحُاٍا -صحُاٍا يشكض يذٍُح  5

 ٍهذا -حجَشج -َُح سث -انثوٍعح  6

 سد صٍُة-شثؼا  -حوش ص ثا  -انثحذنَح  7

 يشكض َاحَح انغضلاََح -سكاتَح  -حرَرح انرشكًاٌ  -لشحرا  8

 انًضج -يؼعًَح  -داسٍا  9

 تثَلا - حجش اسود -يخَى تَد سحى  -انًَذاٌ  -ديشك يشكض انًذٍُح  10

 ش تطُا جسشٍٍكف-خَاسج  -ػمشتا-جشياَا  -ًهَحح يشكض يذٍُح ان 11

 انحذٍذج-تضٍُح -دٍش انؼصافَش  -صتذٍٍ  -حشسرا انمُطشج  12

 ديش -جذٍذج انوادً  -لذسَا  -ان ايح  13

 سكٍ انذٍٍ -لاسَوٌ  -تشصج  -جوتش  14

 حشسرا ػشتٍَ صيهكا حًوسٍح حضج يسشاتا 15

 حوش الاشؼشً انشَفوََح تَد سوى -دويا  16

الاستجابة أطيافالاستجابة أطيافالاستجابة أطيافالصنعي السجلالصنعي السجل الصنعي السجل

دمشق صدعبسيمة صدعسرغايا صدعدمشق صدعبسيمة صدعسرغايا صدع

133.36636.239A1-1A2-1A3-1B1-1B2-1B3-1

233.36636.310A1-2A2-2A3-2B1-2B2-2B3-2

333.36636.379A1-3A2-3A3-3B1-3B2-3B3-3

433.36636.449A1-4A2-4A3-4B1-4B2-4B3-4

533.42636.240A1-5A2-5A3-5B1-5B2-5B3-5

633.42636.310A1-6A2-6A3-6B1-6B2-6B3-6

733.42636.379A1-7A2-7A3-7B1-7B2-7B3-7

833.42636.449A1-8A2-8A3-8B1-8B2-8B3-8

933.48636.240A1-9A2-9A3-9B1-9B2-9B3-9

1033.48636.310A1-10A2-10A3-10B1-10B2-10B3-10

1133.48636.379A1-11A2-11A3-11B1-11B2-11B3-11

1233.48636.449A1-12A2-12A3-12B1-12B2-12B3-12

1333.54536.240A1-13A2-13A3-13B1-13B2-13B3-13

1433.54536.310A1-14A2-14A3-14B1-14B2-14B3-14

1533.54536.379A1-15A2-15A3-15B1-15B2-15B3-15

1633.54536.449A1-16A2-16A3-16B1-16B2-16B3-16

 نقطة

الدراسة
الطول خطالعرض خط
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ماغ انذساسح.انخشٍطح الإداسٍح نًذٍُح ديشك وانًُاطك انًحَطح ت ا يوظحاً ػهَ ا َ :(7-5انشكم )

58

 



57 

 

 
خشٍطح غوغم يوظحاً ػهَ ا َماغ انذساسح وتؼط انطشق انشئَسَح ويشاكض انًذٌ وانُواحٌ. :(8-5انشكم )

16 15 14 13 

12 11 10 
9 

8 7 6 5 

4 3 2 1 
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  ن  د   نف م

  نح ني   ن         و    ن ه   ن ى ي  ن      نكىد وفق  ن ن  ني   لأح  ل د    

61

[4]

Ca وCv
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NvCv

CvCa

Z

21142C

Z 0.25 g

29

 

2

 (A)T 

T = Ct (hn) 3/4 

hnn

Ct

1.1853

1.1731

1.1488

 (B)

(Modal analysis)

 

     √(∑     
 

 

   

)    ∑     

 

   

 

      

 

  



60 

 

63

61

 2114ا انضنضانَح وفك ياوسد فٌ انكود انسوسً (  ذصَُف انرشتح وخواص 1-6جذول )

 

(Ca)(CV)(Z)

(SB)(SB)

(Ca)

62

 وفك انكودلأَواع انرشتح انًخرهفح Ca, Cv, Z نًؼايلاخ انضنضانَح ( انُسة تٍَ ا2-6جذول )

 SA SB SC SD SE ومُرج انممطع انشالُنً نهرشتح

 0.25 0.25 0.25 0.25 0.25 (Zمعامم انمىطمح انضنضانً )

Ca ً0.35 0.32 0.29 0.25 0.20 انمعامم انضنضان 

Cv  ً0.74 0.47 0.38 0.25 0.20 انمعامم انضنضان 

Ca/Z   1.40 1.28 1.16 1.00 0.80 انىسثح 

Cv/Z   2.96 1.88 1.52 1.00 0.80 انىسثح 
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(SB, SC, SD, SE)Z

2C1.25

g63

11(SB)(SC)

(0.206)g(0.239)g(SD)(SE)

(0.264)g(0.289)g

 نكوديغ إدخال ذأثَش انرشتح انسطحَح انواسدج فٌ ا انُاذجح تانذساسح انحانَح الأػظًَح ( لَى انرساسػاخ الأسظَح3-6جذول )

site 

 انمُلع

Max_PGA 

(cm/s2) 

SB 

Max_PGA 

(cm/s2) 

SC 

Max_PGA 

(cm/s2) 

SD 

Max_PGA 

(cm/s2) 

SE 
source 

 سشغاٍا 127.69 116.75 105.80 91.21 1

 سشغاٍا 126.78 115.92 105.05 90.56 2

 سشغاٍا 79.93 73.08 66.22 57.09 3

 تسًَح 64.50 58.97 53.44 46.07 4

 سشغاٍا 166.81 152.51 138.21 119.15 5

 تسًَح 113.25 103.54 93.83 80.89 6

 تسًَح 109.86 100.44 91.03 78.47 7

 تسًَح 77.45 70.81 64.17 55.32 8

 سشغاٍا 212.90 194.65 176.40 152.07 9

 تسًَح 172.65 157.85 143.05 123.32 10

 تسًَح 134.83 123.28 111.72 96.31 11

 تسًَح 97.38 89.04 80.69 69.56 12

 تسًَح 292.68 267.60 242.51 209.06 13

 تسًَح 311.33 284.65 257.96 222.38 14

 تسًَح 182.90 167.22 151.54 130.64 15

 تسًَح 148.69 135.95 123.20 106.21 16
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 ػاخ َرَجح، كًا ٍظ ش ذضاٍذ لَى هزِ انرساسنُماغ انذساسح حالأسظَ اخانرساسػ ( لَى1-6)انشكم ٍثٍَ 

 .إدخال ذأثَش انرشتح انسطحَح انواسدج فٌ انكود

 

 يغ إدخال ذأثَش انرشتح انسطحَح انواسدج فٌ انكودلَى انرساسػاخ الأسظَح  :(1-6انشكم )

64  (Response Spectra) 
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1 Ca Cv

g=9.81 m/sec
2

 

20.05
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4SF
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66 

(10, 13, 14)

(SB, SC, SD, SE)

62(10, 13, 14)

(SB)

 
 .(SB)يٍ يُطمح انذساسح نهرشتح يٍ انُوع  (14 ,13 ,10)غ نهُما طَف الاسرجاتح انرصًًٌَ :(2-6انشكم )

63(10, 13, 14)

(Sc)64

(10, 13, 14)(SD)
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 .(Sc)يٍ يُطمح انذساسح نهرشتح يٍ انُوع  (14 ,13 ,10)طَف الاسرجاتح انرصًًٌَ نهُماغ  :(3-6انشكم )

 

 
 .(SD)يٍ يُطمح انذساسح نهرشتح يٍ انُوع  (14 ,13 ,10)طَف الاسرجاتح انرصًًٌَ نهُماغ  :(4-6انشكم )
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65(10, 13, 14)

(SE)

 
 .(SE)يٍ يُطمح انذساسح نهرشتح يٍ انُوع  (14 ,13 ,10)طَف الاسرجاتح انرصًًٌَ نهُماغ (: 5-6)انشكم 

 

67
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SB(10, 13, 14)

66

 

 .وفك انكود ووفك هزِ انذساسح (SB)نهرشتح يٍ انُوع  (14 ,13 ,10)نهُماغ يؼايم انمص انماػذً  :(6-6)انشكم 

SC

67

 

 .وفك انكود ووفك هزِ انذساسح (Sc)نهرشتح يٍ انُوع  (14 ,13 ,10)نهُماغ يؼايم انمص انماػذً  :(7-6)انشكم 
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SD

 68

 

 وفك انكود ووفك هزِ انذساسح. (SD)نهرشتح يٍ انُوع  (14 ,13 ,10)يؼايم انمص انماػذً نهُماغ  :(8-6انشكم )

 

SE

 69

 

 وفك انكود ووفك هزِ انذساسح. (SE)نهرشتح يٍ انُوع  (14 ,13 ,10)يؼايم انمص انماػذً نهُماغ  :(9-6انشكم )
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(Cs) 

9111314

9111314611

 
 

جح تانذساسح لأَواع انرشتح لًَح يؼايم انمص انماػذً انُاذ  يؼايم انمص انماػذً انواسدج تانكود إنيلًَح َسثح  :(11-6انشكم )

 .(14 ,13 ,10 ,9) انًخرهفح نهُماغ 
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68

2C

251
2

(PGA)

91
2

251
2

64

1 193 57 

  انكود وانذساسح انحانَح فٌ نثؼط يشاكض انًذٌ وانثهذاخ ( لَى انرساسػاخ الأسظَح4-6جذول )

 انشلم
مشاكض انمذن 

 َانثهذاخ

 وسثح انرساسع  انرساسع الأسضً انرساسع الأسضً

 انكُد/انذساسح َفك انذساسح انحانٍح  َفك انكُد 

 1.19 210 250 لذسَا 1

 1.67 150 250 داسٍا 2

 2.08 120 250 صحُاٍا 3

 2.50 100 250 انكسوج 4

 1.92 130 250 حشسرا 5

 1.92 130 250 ػشتٍَ 6

 1.92 130 250 كفشتطُا 7

 2.50 100 250 جشياَا 8

 2.50 100 250 انًهَحح 9

 3.13 80 250 غضلاََح 10

 2.27 110 250 دويا 11

 3.57 70 250 انُشاتَح 12
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69 Cv  َCa

Ca

65591314Cv

66

2CZ(0.25)g

 (Ca)( انًؼايم انضنضانٌ 5-6انجذول )

(Z) 

 

  

Z = 0.23 Z = 0.21 Z = 0.16 Z = 0.15 Z = 0.25 

44 13 9 5 2C 

1.18 1.17 1.13 1.12 1.2 SA 

1.23 1.21 1.16 1.15 1.25 SB 

1.27 1.25 1.19 1.18 1.29 SC 

1.3 1.29 1.23 1.22 1.32 SD 

1.35 1.34 1.31 1.3 1.35 SE 

 (Cv)( انًؼايم انضنضانٌ 6-6انجذول )

(Z) 

 

  

Z = 0.23 Z = 0.21 Z = 0.16 Z = 0.15 Z = 0.25 

44 13 9 5 2C 

1.18 1.17 1.13 1.12 1.2 SA 

1.23 1.21 1.16 1.15 1.25 SB 

1.36 1.33 1.26 1.25 1.38 SC 

1.44 1.41 1.34 1.32 1.47 SD 

1.7 1.66 1.53 1.5 1.74 SE 
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 انفصم انساتع

 اخ    ائج َانرُصٍ    انىر

71

2114

72

 

     

      

   1.222g 

 

12359

 

 

1 141g
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1.251g

1.193.57 
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131411

 

 

2.19

1.21314 

 CvCa
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 M0
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 Stress drop

 

 (Time history)

2114

 

 

 

 1.21

(International Building Code, IBC) 
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A1-1 A1-16 (M=7.4)

A2-1 A2-16 (M=7.0)

A3-1 A3-16 (M=5.0)
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1 C-1 2005

2 C-2  

3 C-3 (Boore, 2003) 

4C-4 2012



1C5002

    

1  37 VII-VIII  

2  53 VIII  

3  303304 VIII-IX  

4  494 VII-VIII 

5  228502 VIII-IX  

6  531534 VIII  

7  97551 IX-X 

 8  565571 VII-VIII  

9  181749 IX  

10  2411847 IX  

11  3012859

291860 

VIII-IX  

12  54991 IX  

13  3072781063 VIII  

14  111114 VIII-IX  

15  111114 IX  

16  2791152 VIII  

17  2441157 VII  

18  1371157 VIII  

19  1281157 IX-X  

20  2961170 IX  

21  2051202 IX  

22  211344 VIII  

23  2021404 VIII-IX  

24  29121408 IX 

 25 10101568 VIII  

26  2111626 IX  

27  2291666 IX  

28  24111705 VIII  

29  1541726 VIII  

30  2591738 VIII  

31 30101759 VIII-IX 

 32 

 

25111759 IX 

 33 2641796 VIII-IX  

34  1381822 IX  

35  111837 VIII  

36  341872VIII-IX 
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Fault parameters, EXSIM, INPUT FILE النمذجة بزنامج ادخال ملف معلىمات-  الثلاث الصدوع معاملات (C-2)الملحق       

Fault name Serghaya / سزغايا Damascus / دمشق Bassimeh / بسيمة

Mmax - أكبر قذر زنساني متوقع 7.4  - 5.0 5 7.0  - 5.0

Stress drop -هبوط  الاجهاد 90.0 140 140

kappa ( السطحية الجيولوجيا بتأثير التخامد ) 0.030 0.030 0.030

Lat. , Long of upper edge of fault: 0.0    0.0 0.0    0.0 0.0    0.0

strike - الاتجاه 20 61 55

dip - ميم مرآة انصذع 70 75 75

depth of faults - عمق انصذع 0 0.3 0.25

fault length -  طول انصذع 100 40 60

fault width -  عرض انصذع 14 14 14

subfault length 2 2 2

subfault width 2 2 2

hypo location 1    1 1    1 1    1

beta (crustal velocity) سرعت أمواج انقص (km/s) 3.7 3.7 3.7

rho (crustal density) انكثافت (gr/cm
3
) 2.8 2.8 2.8

y =  vrupt/beta 0.8 0.8 0.8

dt 0.002 0.002 0.002

Geometrical spreading (gesprd) الهندسي الانتشار تابع

rg1, rg2,

pow1, pow2,pow3
70   140 

-1.3   +0.2   -0.08

70   140 

-1.3   +0.2   -0.5

70   140 

-1.3   +0.2   -0.5

Quality factor-Q0  انتخامذ- معامم انجودة

Q0 , eta, Qmax 310    0.60   1000 310    0.60   1000 310    0.60   1000

trilinear duration and properties
rmin, rd1, rd2, durmin,

 b1,b2,b3
10  70  130  0.0 

0.16   -0.03   0.04

10  70  130  0.0 

0.16   -0.03   0.04

10  70  130  0.0 

0.16   -0.03   0.04

type of window(1 for saragoni taper, 0 for boxcar taper) 0 0 0

low-cut filter corner, nslope 0.00     8 0.00     8 0.00     8

damping of response spectra % نسبت انتخامذ نطيف الاستجابت 5.0 5.0 5.0

# of F , min, max F for  response spectra 100   0.1    100 100   0.1    100 100   0.1    100

no of frequency for summary output (10 max) 5 5 5

Frequencies in summary output

-1 for PVA and 99 for PGA -1.0  99.0  0.1  0.2 5 -1.0  99.0  0.1  0.2 5 -1.0  99.0  0.1  0.2 5

output file name stem SRG_M7.4_90bar DAMAS_M5_140bar BSMA_M7_140bar

name of crustal amplification file ab06_hr_crustal_amps.txt ab06_hr_crustal_amps.txt ab06_hr_crustal_amps.txt

no of freq in crustal amplification file 5 5 5

name of site amplification file siteAmplification.txt siteAmplification.txt siteAmplification.txt

no of frequceny in site amplification file (0 to skip) 0 0 0

low frequency taper model(0=Boore, 1=motazedian) 1  1  1  

low frequency taper coefficient  -0.5  -0.5  -0.5

pulsing persent 25 25 25

deterministic flag

use(0) , gama, nu,to, impulse 0  1.0  90.0  4.0  10 0  1.0  90.0  4.0  10 0  1.0  90.0  4.0  10

iseed,  #  of trial 309   50 309   50 309   50

no of sites , coordinate flag (1=lat,long; 2=R,Az; 3=N,E) 16,  1 16,  1 16,  1

coordinate for each site (lat., long.)

1 0.814    0146 0.297    0.303 0.561     0.432

2 0.814    0.076 0.297     0.303 0.561     0.362

islipweight / الصدع أجزاء على الانزلاق معدل تحديد معامل

[-1 for unity slip all subfaults, 0  specify slips below, 1 for random]-1 -1 -1

!Matrix of slip weights
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C-3 

والعلاقات الرياضيةالمعادلات ملحق   

Boore, 2003 

stochastic method 

• Target amplitude spectrum 

– Source: M0, f0, Ds, source duration 

– Path: Q(f), G(R), path duration 

– Site: k, generic amplification 

• Fourier acceleration spectrum as f(M,dist) 

– Model of earthquake source spectrum 

– Attenuation of spectrum with distance 

– Duration of motion [=f(M, d)] 

– Crustal constants (density, velocity) 

– Near-surface attenuation (fmax or kappa) 

• Time-series simulations 

• Random-vibration simulations 

Target amplitude spectrum 

 Deterministic function of source, path and site 

characteristics represented by separate multiplicative filters 

Earthquake 
source 

Propagation 

path 
 

Site 

response 

Instrument 

or ground 

motion 

)()(),(),(),,( 00 fIfGfRPfMEfRMY 

Source function E(M0, f) 

),(),( 000 fMSMCfME 

Source 

DISPLACEMENT 

Spectrum 
 

Scaling of amplitude 

spectrum with 

earthquake size 

Scaling constant 
 

• near-source crustal properties 

• assumptions about wave-type 

considered (e.g. SH) 

Seismic moment 

Measure of 

earthquake size 

Scaling constant C 

•βs = near-source shear-wave velocity 

•ρs = near-source crustal density  

•V = partition factor  

•(Rθφ) = average radiation pattern 

•F = free surface factor 

•R0 = reference distance (1 km). 
 

0
34 R

VFR
C

ss




Brune source model 

• Brune’s point-source model  

– Good description of small, simple ruptures  

– "surprisingly good approximation for many large events". 
(Atkinson & Beresnev 1997) 

• Single-corner frequency model 

 

 

• High-frequency amplitude of acceleration scales as: 
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Semi-empirical  

two-corner-frequency models 

• Aim: incorporate finite-source effects by refining 

the source scaling 

• Example: AB95 & AS00 models 

 

 

 

• Keep Brune's HF amplitude scaling 
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 fa, fb and  determined 

empirically (visual 

inspection & best-fit) 
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C-3 

والعلاقات الرياضيةالمعادلات ملحق   

Boore, 2003 

Scaling of the source spectrum 
• Based on Aki’s (1967) ω²-model  

– Single corner frequency  

– For acceleration: 

• LF: ω² increase 

    proportional to M0 

• HF: constant amplitude, 

    depends on M0,  as shown 

– Self-similar scaling 

 

 

•  The key is to describe how the 

     corner frequencies vary with M.  

      

Even for more complex sources, often try to relate the high-     
frequency spectral level to a single stress parameter  
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2 Stress parameter: definitions 

• "Stress drop" should be reserved for static measure of 

slip relative to fault dimensions 

 

 

 

• "Brune stress drop" = change in tectonic (static) stress 

due to the event 

• "SMSIM stress parameter" = “parameter controlling 

strength of high-frequency radiation” (Boore 1983) 

r

u


u = average slip 

r = characterisic fault dimension 

Source duration 

• Required to define array size (both TD & RV) 

• Determined from source scaling model via: 

 

 

 

 

– For single-corner model, fa= fb = f0 

– Weights wa and wb should add up to the distance-
indepent coefficient in the expression giving total 
duration 

 

b
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Path function P(R, f) 

Point-source => spherical wave  

P(R,f) = 
Geometrical 

Spreading (R) 

Anelastic 

Attenuation (R,f) 

Loss of energy 

through spreading 

of the wavefront 

Loss of energy through 

material damping & 

wave scattering by 

heterogeneities 

Propagation medium is 

neither perfectly elastic nor 

perfectly homogeneous 

 

Geometrical Spreading Function 

• Often 1/R decay (spherical 
wave), at least within a few tens 
of km 

• At greater distances, the decay 
is better characterised by 1/Ra 

with a <1 

• SMSIM allows n segment 
piecewise linear function in log 
(amplitude) – log (R) space 

• Magnitude-dependent slopes 
possible : allows to capture 
finite-source effect (Silva 2002) Example:  Boore & Atkinson 1995 

Eastern North America model 
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Wave-transmission quality factor Q(f) 

• Form usually assumed: 

 

 

• Study of published 

relations led Boore to 

assign 3-segment 

piecewise linear form (in 

log-log space) 
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C-3 

والعلاقات الرياضيةالمعادلات ملحق   

Boore, 2003 

• Form of filter: 

)()()( fDfAfG 

Linear 

amplification for 

GENERIC site 

Regional distance-independent 

attenuation (high frequency) 
 

• Near-surface anelastic attenuation? 

• Source effect? 

• Combination? 

 Site Response Function Site amplification – A(f)  

• Attenuation function for 
GENERIC site 

• Modelled as a piecewise linear 
function in log-log space 

• Soil non-linearity effects not 
included 

• Determined from crustal velocity 
& density profile via SITE_AMP 

–  Square-root of impedance 
approximation 

– Quarter-wave-length approximation 
(f – dependent) 

Site attenuation D(f)  

• Form of filter: 

 

 

 

• Reflects lack of consensus about representation 

– fmax (Hanks, 1982) : high-frequency cut-off 

–  k (Anderson & Hough, 1984) : high-frequency decay 

f)πκexp(

f

f
1

1
D(f) 08

max















Cut-off frequency fmax 

• Hanks (1982) 

– Observed empirical spectra exhibit cut-off in log-log space 

– Value of cut-off in narrow range of frequency 

– Attributed to site effect 

• Other authors (e.g. Papageorgiou & Aki 1983)  

 consider fmax to be a source effect 

• Boore’s position:  

– Multiplicative nature of filter allows for both approaches 

– Classification as site effect = « book-keeping » matter 

– Often set to a high value (50 to 100 Hz) when preference is 
given to the kappa filter 

Kappa factor k0 

• Anderson & Hough (1984)  

– empirical spectra plotted in semi-log axes exhibit exponential 
HF decay 

– rate of this decay = k (varies with distance) 

• Treatment in SMSIM 

– similar determination, but with records corrected for path 
effects and site amplification 

– parameter used = k0 = zero-distance intercept 

– allowed to vary with magnitude  

• source effect (at least partly) 

• trade-off with source strength  

   (characteristic of regional surface geology) 

Seismic moment M0 
• Definition 

 

 

• Use 

– Provides measure of seismic energy for a double-
couple point source model 

– Can be determined independently from strong-motion 
records => source scaling 

• Related to moment magnitude Mw via  

 

UAM  0

= average rigidity of the crust 

A= rupture area 

U=average slip 

7.10log
3

2
0  MM w

(Hanks & Kanamori,1979) 

N.B. M0
 in dyne.cm 
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Mathematical definition: 
 

Seismic Moment 

 
                            

seismic moment 

(M0) 

 

rock rigidity (µ) 

shear modulus 

 

fault area 

A=W.L 

 

slip distance 

length (D) 

 

Seismic moment and magnitude relationship 

 

earthquake magnitude 

 

seismic moment 

 

Dr. Charles Richter and Wood-Anderson seismograph method  

 

earthquake magnitude 

 

Amplitude 

 

distance correction factor 

 

Richter and Gutenberg seismic energy method  

 

seismic energy 

 

earthquake 

magnitude 

 

                  
    

      
 

                          (  )  
 

 
     (  )       

Dr. Kanamori seismic energy method  

 

seismic energy 

 

seismic moment 

 

C3
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[24]، (2012وآخروٌ زيُح )يهحق عًق انصخر الأساس انهُذسي   

C - 4 

انضجيج الأرضي ويىاقع قياساخ انُقاط انًذروسح تاستخذاو يىاقع (C4-1):انشكم

 [24]ديشق عهى انخريطح انجيىنىجيح نًذيُح يىضحح  انجيىتكُيكيحيقاطع انسثىر 

انصخر الأساس انهُذسي لأعًاق خطىط كىَتىريح  (C4-2)انشكم 

 [24]انطثىغرافيح يىضحح عهى انخريطح تانًتر 
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[24]، (2012وآخروٌ زيُح )يهحق عًق انصخر الأساس انهُذسي   

C - 4 

 تروفيم سرعح أيىاج انقص يع انعًق (C4-3)انشكم 

 [ 24]ديشق انًذروسح في نهًىاقع وفقاً  

انُقاط انًذروسح حسة قياساخ في تروفيم سرعح أيىاج انقص يقارَح تيٍ  (C4-4)انشكم 

 [24]انًذروسح انضجيج الأرضي وأقرب سثر جيىنىجي يٍ انُقطح 
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[24]، (2012وآخروٌ زيُح )يهحق عًق انصخر الأساس انهُذسي   

C - 4 

 [24] انطثىغرافيحيىضحح عهى انخريطح  Vs10و Vs30 انقص خطىط كىَتىر سرعح أيىاج  (C4-4)انشكم 

Vs30 Vs10 

  (Vs30)و  (Vs10)يثيٍ انًىاقع انًذروسح واحذاثياتها وانسرعح  (C4-5)جذول 

 [24] انًذروسحفي انًىاقع انتضخيى  -انذور انًسيطرج  -وانتصُيف انجيىنىجي 

Site ID  Lat.  Long. Elev.(m)  VS30 (m/s)  VS10( m/s)  Geology Index Period (s)
 Ave.Ampl

(0.05 S - 0.5 S)
MRJ 33.513 36.299 691 419 248 Q3 0.17 3.4

OD1 33.512 36.307 694 433 250 Q3 0.18 2.9

OD2 33.510 36.307 697 484 283 Q3 0.12 3.1

OD3 33.509 36.316 687 484 283 Q3 0.12 3.1

ABS 33.522 36.320 689 429 269 Q3 0.16 3.6

NEC 33.527 36.309 697 399 255 Q3 0.19 3.3

JRM 33.487 36.351 665 384 255 Q3 0.21 3.3

ZML 33.525 36.358 682 301 219 Q3 0.32 3.0

HRS 33.553 36.364 701 455 385 Q3 0.08 3.6

DOM 33.564 36.397 657 380 269 Q3 0.23 3.5

BSW 33.537 36.402 649 334 209 Q3 0.26 3.1

JSR 33.512 36.389 652 387 269 Q3 0.22 3.5

ZBD 33.484 36.401 647 304 241 Q3 0.36 3.0

HTT 33.437 36.425 634 338 225 Q3 0.43 2.9

LWN 33.484 36.253 703 455 385 Q3 0.14 2.6

MDN 33.479 36.298 689 503 412 Q3 0.07 2.9

BBL 33.471 36.326 668 574 392 Q3 0.09 3.0

ISS 33.441 36.260 687 417 313 Q3 0.67 3.1

SBN 33.440 36.294 672 500 500 Q3 0.36 2.2

FJR 33.442 36.327 659 500 500 Q3 0.59 2.1

HOS 33.419 36.353 654 400 386 Q3 0.63 2.9

DAS 33.585 36.368 714 495 385 Q3 0.17 2.9

QBN 33.545 36.342 723 570 500 Q3 0.15 2.4

UNV 33.511 36.284 710 592 417 Q3 0.08 3.0

DAR 33.460 36.227 706 515 350 Q3 0.14 2.7

SEH 33.434 36.217 708 588 411 Q3 0.06 3.8

SFR 33.548 36.304 809 542 385 Cr 0.11 3.0

QSN 33.533 36.277 1108 859 241 CC 0.08 3.1

MZH 33.505 36.252 740 515 350 Pg 0.14 2.7

TOT 33.362 36.429 683 572 372 BN 0.14 3.0
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Abstract 

 
The research is aimed at calculating the strong ground motion coefficients 

for selected areas in Damascus and its surrounding regions. Ground motion 

acceleration, which may arise from seismic sources affecting the region, has 

been simulated using stochastic technique, based on three seismic sources: 

Serghaya, Bassimeh and Damascus which were defined as active faults that 

may affect the study area. 

 

Maximum horizontal ground acceleration coefficients were calculated on the 

bedrock. The Accelerations values were presented in the form of contour 

maps, showing that the level of seismic hazard in the region is relatively 

high, especially in the North-Western part and less towards the South-

Eastern part. 

 

Synthetic seismic records and seismic design response spectra were 

calculated for each considered points. The response spectra describe the 

frequency content of ground motion, which must be taken into account when 

designing the buildings. 

 

Seismic loads according the Syrian Code were studied and compared with 

the results of the current study. Site effect using soils classification in Syrian 

Code and design response spectra were calculated for considered points and 

compared with the design response spectra reported in the Syrian Code. 

 

The base shear coefficient for the most common buildings in the study area, 

which have building frame system was calculated based on the results of the 

current study for different types of soils, and were compared with the values 

reported in the Syrian code. 

 

Seismic parameter of Ca and Cv were investigated based on the results of the 

current study, and new table values were proposed to calculate these 

parameters taking into account the different types of soil code. 
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