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Abstract:GASCOsitehasbeenevaluatedonthebasisofsiteinvestigation, seismicactivityandseismichazardassess-

ment.Shallowseismicrefractionsurveyhasbeencarriedouttoestimatetheelasticanddynamicconstantsforsoilandrock

materialsthroughout8 seismicprofiles.Thegroundmodelatthesiteconsistingoftwolayerscharacterizedbymoderateto

highvaluesofelasticanddynamicconstantsindicatesthatthesitehasgoodsoilandfoundationrock.Bothhistoricaland

instrumentalearthquakesinacirclewithradiusof150 kmaroundtheproposedsitewerecollectedandpreciselyana-

lyzed.Thesiteisaffectedbyfourseismicsourcezones:CentralGulfofSuez, Cairo-SuezDistrict, SouthwestCairoand

Beni-Suef, basedonthetectonicsetting, theseismicity, geologicalstructuresandfaultplanesolutionsofmajorearth-

quakes.Maximumearthquakemomentmagnitudes(MW)havebeenidentifiedforthesesourcezonesusingseismicity

statisticstogetherwithexpertjudgment.Inaddition, thestochasticapproachwasappliedfortheseismichazardassess-

mentintermsofPeakGroundAcceleration(PGA)andresponsespectra.ItisnoticedthatBeni-Suefisthenearestsource

tothesiteandthemaximumPGAvalueproducedfromthisseismicsourcereaches9.34 cm/s2.Thisvalueissmalland

reflectsthatthereisnohazardouseffecttobeexpectedatGASCOsite, whichindicatesitsvalidityforcivilengineering

purposes.Theresponsespectraat1%, 3%, 5% and10% dampedPseudo-acceleration(PSA)werealsosimulatedat

theGASCOsite.
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0　Introduction

The Egyptian company for NaturalGases

(GASCO)selectedasiteintheeasternDesertofE-

gypttoconstructanassemblyforthenaturalga-

ses.Theestimationofdynamiccharacteristicsforthe

subsurfacegroundstructureandtheseismichazardas-

sessmentforthissitebecameimportantandnecessa-

ry.Theshallowseismicrefractiontechniquesarecon-

sideredasoneoftheaccurateandcost-effectivemeth-

odsusedinengineering, archaeological, andenvi-

ronmentalinvestigations
①
.ValuesofP-andS-wave

velocitiesobtainedfrom shallow seismicrefraction

surveyswereusedtodeterminethegeotechnicalprop-

ertiesforthefoundationrockatGASCOsite.Thepro-

duceddamageduetoearthquakeoccurrencesindiffer-

entlocalitiesallovertheworldleadstothecritical

needforevaluationofearthquakeactivityandtheseis-

michazardassessmentattheproposedsitesforstrate-

gicprojects.Thestochasticsimulationtechniquespro-

posedbyBoore[ 2003] wereusedfortheseismic

hazardassessmentintermsofPeakGroundAccelera-

tion(PGA)andtheresponsespectra.Theprediction

ofgroundmotionorresponseamplitudeasafunction

ofearthquakemagnitudeanddistanceisoffundamen-

talimportancefortheassessmentofseismichazard.

1　GeologicalandStructuralSetting

Theproposedsiteislocatedinthenorthernpart

oftheEasternDesertabout38 km eastoftheNile

River, at29°04′29″Nand31°28′10″E(Figure1).

Topographically, thesiterepresentsapartfromthe
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EasternDesertplateauwhereitselevationrangesfrom

333 mto343 mabovesealevel.Geologically, the

siteisbuiltmainlywithEocenelimestone[ Said,

1990] .Structurally, GASCOsiteislocatedinthe

stableshelfzoneandtherearenomajorstructuresen-

counteredatsurfaceoftheselectedsite.

Figure1.LocationmapoftheproposedGASCOsite.

2 　 GeotechnicalEvaluationofthe
GASCOSite

2.1　SeismicRefractionSurvey

Seismicrefractionsurveyfor8 profileswascar-

riedoutatthesite(Figure2)usingthe24-channel

signalenhancementseismographwhichwasGEO-

METRICS Strata View model.Each profile was

240mlongandthedistancebetweentwosuccessive

geophoneswas10 m.Thetechnique(forP-wave

generation)istoshoottheprofileat10mawayfrom

eachend(normalandreverseshooting)andalso

fromitsmid-pointforprofilesNo.1 toNo.3.While

fromtheprofilesNo.4toNo.8theshootingwasdone

behindeachendwith10 m, atmid-point, atthedis-

tancesof65 m (betweengeophonesNo.6 and

No.7)and180 m (betweengeophonesNo.18 and

No.19).Thesourceofenergywasthehydraulic

weightingdropwithatotalmassweightof100

kg.Whilethegenerationofshearwaves(SH)was

acquiredusingthehorizontalgeophonesandaslotted

strikerplatebyhittingoneendoftheplatehorizontal-

lyusingsledgehammer.

Figure2.LocationoftheseismicprofilesatGascosite.

2.2　DataAnalysisandResults

TheseismicrefractiondataobtainedfromGAS-

COsitewasprocessedandanalyzedusingbothSIP

andSEISREFAprogramswhicharecompleteseismic

refractionprocessingandmodelingsoftware.Thetra-

veltime-distancecurvesandthecorresponding1-D

(one-dimension) ground models were obtained

(Figure3).　

Figure3.Traveltime-distancecurve(a)anddepthmodel(b)forprofileNo.4.
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Theelasticpropertiesandthematerialcompetence

coefficientsforthesitearededuced(Table1 and2)

forbothsurfaceandsecondlayers.Inthetables, the

ultimatebearingcapacityisindicatedbyQult.

2.3　Elasticproperties

ThevaluesforbothP-andS-wavevelocitiesare

usedtocomputetheelasticconstantsofthedetected

subsurfacelayers(Table1 and2).Theseconstants

includethedensity(ρ), stressratio(Si), Poisson's

ratio(σ), rigiditymodulus(μ), Young'smodulus

(E)andBulk'smodulus(B)asfollows:

(1)StressRatio(Si)

Thepropagationofseismicwavesisproportional

tothedifferentialpressurebetweenthesedimentaryo-

verburdenandthepore-fillingfluids.Thismeansthat

thehighfluidpressureformationswillhavedifferenti-

alpressureandabnormallylowseismicwaveveloci-

ties.AccordingtoAbdelRahman[ 1989] thestress

ratioisgivenas:

Si=1-2(VS
2
/ VP

2
). (1)

Theobtainedvaluesofthestudyarearangefrom

0.349 to0.397 inthesurfacelayer(Figure4a)and

from 0.202 to0.391 inthesecondlayer(Figure

4b).Thesevaluesofstressratioreflectcompetent

materialsatthesite.

(2)Poisson'sRatio(σ)

Thisratiorepresentsthegeometricalchangein

theshapeofanelasticbody.Itsvalueis0.5forfluids

and itapproacheszero forvery hard indurate

rocks.NegativePoisson'sratioisalsorecordedfor

veryhardindurateanisotropicrocks.Poisson'sratio

(σ)isgivenintermsofP-andS-wavevelocities

[ AbdelRahman, 1992] :

σ=[ (VP/VS)
2
-2] /[ (VP/VS)

2
-2] . (2)

Thevalueslieintherangefrom0.258 to0.344

inthesurfacelayer(Figure5a), andrangefrom

0.168 to0.281 inthesecondlayer(Figure5b),

whichindicatehardrocks.Forthesurfacelayerthear-

eaofprofileNo.3isofthehighestvalue.Butthesec-

ondlayerreflectstheareaofprofileNo.1 isofthe

highestvalue.　

Figure4.Distributionofstressratioforthe

surfacelayer(a)andsecondlayer(b).

Figure5.DistributionofPoisson'sRatioforthe

surfacelayer(a)andsecondlayer(b).
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2.4　MaterialCompetenceCoefficients

Thereareanumberofcompetencescales, based
onthevaluesofP-andS-wavevelocitiesandelastic

moduliinconsequence, whichareusedtoevaluatethe

soundnessofrocksorsoilmaterials, includingthema-

terialindex(Mi), concentrationindex(Ci), N-val-

ueandultimatebearingcapacity(Qult)asfollows:

(1)MaterialIndex(Mi)

Materialindex(Mi)isdefinedasthedegreeof

competenceofthematerialonthebasisoftheelastic

moduli.Thisindexmusthaverelationwiththematerial

composition, thedegreeofconsolidation, fracturing

andjointing, thepresenceorabsenceoffluidsinpore

spaceswhichaffecttheelasticmoduli.Thematerialin-
dexisgiven[AbdelRahman, 1989] asfollows:

Mi=(1-4σ). (3)

WhereσisthePoisson'sratio.Thevaluesrangebe-

tween-0.377 and-0.035 inthesurfacelayer(Fig-

ure6a), whiletheyrangefrom-0.124and0.326in

thesecondlayer(Figure6b), andtheyindicatehard

rocks.ForthesurfacelayertheareaofProfileNo.3is

ofthehighestvalue.Butforthesecondlayerthearea

ofProfileNo.1isofthehighestvalue.　

Figure6.DistributionofMaterialIndexforthesurfacelayer(a)andsecondlayer(b).

(2)ConcentrationIndex(Ci)

Theconcentrationindex(Ci)describesthede-

greeofmaterialconcentration.Thesoilcompaction

statusisconsidered, toagreatextent, asameasure

ofthedegreeofcompetenceforfoundationandother
civilengineeringpurposes.Itdependsonbothelastic

moduliofthesoilandthepressuredistributionattheir

　　　　

depth.Theconcentrationindexcanbegiveninterms

ofvelocitysquaredratio[ AbdelRahman, 1989] as:

Ci=(3-4 α)/(1-2 α). (4)

Whereαisthevelocitysquaredratio(VS
2
/VP

2
).

Theobtainedvaluesinthesurfacelayerrangesfrom

3.904 to4.862 (Figure7a)andfrom 4.736 to

　　　 　　

Figure7.DistributionofConcentrationIndexforthesurfacelayer(a)andsecondlayer(b).
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6.938 inthesecondlayer(Figure7b).Thismeans

thatareaofprofileNo.3hasthehighestvaluesforthe
surfacelayer, whiletheareaofprofileNo.1isofthe

highestvaluesforthesecondlayer.

(3)TheN-value

Thisvalueistheresistancetopenetrationbynor-

malizedcylindricalbarsunderstandardload, which

isgeophysicallyknownastheStandardPenetration

Test(SPT).N-valuecanbeevaluatedusingthefol-

lowingformula[ Imaietal., 1976;Stuempelet

　　　　　

Figure8.DistributionofN-valueforthesurfacelayer.

al., 1984] :

VS=89.9×N
0.341
. (5)

WhereVS isthehorizontalshearwaveveloci-

ty.Materialhaving low N-value indicates soft

soil.Thehighvalues(between133 and551)inthe

surfacelayer(Figure8)indicateacompactedsoilat

thesiteandhencethereisnoneedtocalculatetheN-

valuesforthesecondlayer.

(4)UltimateBearingCapacity(Qult)

Thenaturalandtheartificialcyclicdynamicload-

ingcreateadditionalloadwhichisaddedtothebuild-

ingloadandmaycausesoilliquefactionifthetotal

loadingvalueexceedstheultimatebearingcapacity

(Qult)ofthematerial①.Qultcanbegivenintermsof

shearwavevelocity[AbdelRahmanetal., 1992] as:

lgQult=2.932(lgVS-1.45). (6)

Theobtainedvaluesrangebetween3.99 and16.534

kg/cm
2
inthesurfacelayer(Figure9a)andfrom

76.312 to192.862 kg/cm
2
(Figure9b)inthesec-

ondlayer.Thesevaluesreflectthattheareaofprofile

No.3isofthehighestvaluesforthesurfaceandsec-

ondlayers.　

Figure9.DistributionofQultforthesurfacelayer(a)andsecondlayer(b)

3　SeismicHazardAssessmentfor　
GASCOSite

3.1　EarthquakeActivity
　　TheavailableearthquakedataaroundGASCO

sitecontaintwotypesofinformation:historicalob-

servations(pre-1900)ofmajorseismiceventsthat

occurredoveraperiodofabout4，000 yearsandin-

strumentalearthquakes(1900-July1997)thatcol-

lectedfromMaamounetal.[ 1984] , Ambraseyset
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al.[ 1994] andInternationalSeismologicalCenter

(ISC).Datafrom Aug.1997 tillDec.2004 were

gatheredfromtheBulletinsoftheEgyptianNational

SeismologicalNetwork(ENSN).Fromthedistribu-

tionoftheearthquakeactivityaroundtheGASCOsite

(Figure10)itisnoticedthat, GASCOsiteisloca-

tedinthemainlandoftheeasterndesertandsurroun-

dedbytheearthquakeswithmagnituderangingfrom

lessthan3togreaterthan5.

Figure10.Earthquakeactivityina150-km

circlearoundGASCOsite.

3.2　SeismicSourceZones

Thedefinitionofseismiczonescarriedoutinthe

presentworkdependsonhistoricalandinstrumental

earthquakesaswellastheresultsofthepreviousgeo-

physicalandgeologicalstudiesincludingthekindof

seismicfaulting[ Papazachosetal., 1984] , seis-

micityrate(a-value) [ Papazachos, 1980] , bval-

ues[ Hatzidimitriouetal., 1985] , majortrendsof

geologicalzones[ Mountrakisetal., 1983] , and

thefaultplanesolutionsofthemajorearthquakes

(i.e.strike, dipandstressaxes).Aseismiczoneis

aconfigurationwithinwhichitisassumedthatan

earthquakerecurrenceprocessisconsideredtobespa-

tiallyandtemporallyhomogeneous.Thedelineationof

theseismotectonicsourcesusuallyrepresentsthemajor

partofanyseismichazardanalysis.Accordingtothis

study, theseismicactivitiesareconcentratedin4

seismiczonesasfollows:CentralGulfofSuezzone;

Cairo-SuezDistrictzone;SouthwestCairozone;

Beni-Suefzone.

3.2.1　CentralGulfofSuezzone

Faultplanesolutionsshowthemixingbetween

theearthquakesoccurredonthemarginalfaultsand

thoseoccurredonthetransverseones.Also, someof

themarenearlyofapurenormalfaulting, whilethe

othershaveaconsiderable strike-slip component

[ Maamounetal., 1984] .

ThecentralGulfofSuezzonehasaregional

northeastdipandboundedfromnorthandsouthby2

majoraccommodationzonesofrelativelyflatterdip

separatingitfrom boththenorthernandsouthern

provinces.Geophysicalandgeologicalobservations

confirmthismodel.Theseismicactivityinthecentral

provincesislowcomparedwithboththesouthernand

northernprovinces.Thisbecomesclearaftertheestab-

lishmentofENSN.

3.2.2　Cairo-SuezDistrictzone

ItislocatedinthenortheasternDesertandex-

tendsfromCairotoSuezatthenorthoftheGulfof

Suez.Itischaracterizedbysmalltomoderateearth-

quakes.TheCairo-Suezdistrictisaffectedby3 fault

trends.Oneofthem istheEW trend, mostlypro-

nouncedandalmostalignedbylatitude30°N, where

theother2trends(ENEandNW)arespatiallymore

dispersed[ Abdel-Rahmanetal., 1978] .Thefocal

mechanismforthe1974 Abu-Hammedearthquake①

[ Mousa, 1989] showstwoplanestrendingENE-

WSW andNNW-SSEwithleft-lateralstrike-slipmo-

tionalongthesecondplane.Thefocalmechanismof

1984 Wadi-Hagulearthquakeshowsthesamestrike-

slipwithreversecomponent.Inaddition, themecha-

nismofthe1987 Ismailiyaearthquakeshowsstrike-

slipalsowithtwonodalplanestrendingN68°EandS

24°Ewithsteepdipangles(80°and80°)② .
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3.2.3　SouthwestCairozone

Thiszonewasdefineddependingontheepicen-

traldistribution, seismicitylevel, andthea-value

whichisdeterminedforthiszone(a=3.07).The

focalmechanismsofsomeearthquakesinthiszone

showanormalfaultingonlyoranormalfaultingwith

largestrike-slipcomponent[ AbuEl-Enean, 1997] .

ThefirstnodalplaneistrendingnearlyE-W (WNW-

ESE)paralleltotheMediterraneantrend.Thisshows

thecoincidencewiththesurfacelineaments, asap-

peareddirectlyaftertheoccurrenceofthe1992earth-

quakeandthegeneraltectonicsofthearea.Therefore,

thisplaneisrecommendedtobethemostprobable

faultplane.Theauxiliaryplaneistrendingmainly

NW-SEparalleltotheGulfofSuez.NoNE-SWtrend

paralleltothePelusiumtrendisgivenbythefocal

mechanisms.

3.2.4　Beni-Suefzone

Beni-SuefzoneislocatedtotheeastoftheNile

Valley.Meshref[ 1982] indicatedthatthebasictec-

tonictrendsaffectingnortheastAfricaareWNW and

ENE.Halsay①consideredtheN60°Wtrendisthesig-

nificanttrendinnorthernEgypt.Thiszonehasatenta-

tivetrendparalleltotheRedSeatrendfromthedistri-

butionofearthquakeepicenters.Theparametera-val-

ueis1.49.ThefocalmechanismforBeniSuefearth-

quakeon11October1999indicatesanormalfaulting

mechanism withminorhorizontalmovementwith

trendsNW-SEandENE-WSW [ AbuElEneanatal,

2003] .

3.2.5　MaximumEarthquakeMagnitude

Thissteprequiresadeterminationofthemaxi-

mumearthquakeforeachoftheidentifiedseismotec-

tonicsources.Indeterministicanalysis, itismore

commontodefinethemaximumearthquakeasamax-

imumcredibleearthquake[ Reiter, 1991] .Another

kindofmaximumearthquakeisthemaximumhistoric

earthquakewithincreasing0.5 units.Thereare4 seis-

micsourcezonesaffectingthesiteandeachofthem

hasitsownseismicactivity.

Theearthquakeactivityintermsoffocaldepth

andhorizontalaxestogetherwiththelateractivityare

usedtodeterminethedimensionsoftheactiveseismic

sourcearea[ Abu-Elenean, 1997] .Theepicentral

distributionoftheseismicactivityofthesouthwest

Cairoseismiczoneindicatesthatthemaximumdimen-

sionoftheactivityis41 kmandthedepthranges

from7 to25kmyieldingathicknessofaseismogenic

layerof18km.Thusthetotalseismogenicareaofthis

zoneis738 km
2
.AccordingtoPapazachosetal.

[ 2004 ] , themaximum earthquakeofthiszoneis

foundtobewithmomentmagnitude6.31.

UsingthesametechniquesforthecentralGulfof

Suez, theexpectedmaximumearthquakesaredeter-

mined, whilethehistoricalapproachwasusedforthe

otherseismicsources(Table3).

Table3.Maximumexpectedmagnitudeandhypocentral

distancesfromeachseismicsourcetoGASCOsite.

SeismicSource Maximummagnitude　Hypocentraldistancetothesite/km

CentralGulfofSuezZone 5.5 139

Cairo-SuezZone 5.4 170

SouthwesternCairoZone 6.31 84

Beni-SuefZone 5.6 48

3.3　SimulationofGroundMotionatGASCOSite

UsingStochasticMethod

3.3.1　InputParameters

(1)Thesourceparameters[ E(M0 , f)]

TheearthquakesourcespectrumE(M0 , f)forthe

horizontalcomponentofgroundmotionisgivenby

thefollowing:

E(M0 , f)=C(2πf)
2
M0S(M0 , f). (7)

whereS(M0 , f)isthedisplacementsourcespectrum

andCisaconstant.C=RSVF/(4πρβ
3
R), withR=

1km, RS=0.55 (averageshearwaveradiationpat-

tern), F=2.0 (freesurfaceeffect), V=0.71

(partitionontotwohorizontalcomponents), ρisthe

densityatthesourceandβ istheshearwavevelocity

atthesource.

(2)Thepath[ P(R, f), duration]

Inthisstudy, thethree-segment-geometrical-

spreadingoperatorofAtkinsonetal.[ 1995] is
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used.GeometricalspreadingR
-1
isassumedfordis-

tancelessthan70 kmandR
0.0
fordistancesfrom 70

kmto130 kmandR
-0.5
forgreaterdistances.TheQ

modelderivedbyMoustafa[ 2002] isusedtorepre-

senttheanelasticattenuationfactor.Thismodelisre-

presentedas:

Q=85.68f
0.79
. (8)

AlthoughtheFourierspectrumofgroundmotion

isnotdependentontheduration, durationisavery

importantparameterforpeakmotionsdecreasewith

increasingduration.Thedurationisafunctionofthe

path, aswellasthesource:

T=T0 +bR. (9)

WhereT0 isthesourcedurationandbRrepresentsthe

path dependentterm thataccounts for disper-

sion.FollowingHanksetal.[ 1981] , thesourcedu-

rationisrelatedtothecornerfrequencyby

T0 =f
-1
c . (10)

Empiricalobservationsandtheoreticalsimula-

tionssuggestthatthepath-dependentpartofthedura-

tioncanberepresentedbyaconnectedseriesof

straight-linesegmentswithdifferentslopes.Thefunc-

tionofAtkinsonetal.[ 1995] isusedwherethepath

durationismodeledastrilinear, usingthetransition

distances70 and130 kmforconsistencywiththeat-

tenuationmodel.Theslopeis0.16 forthedistance

rangesbetween10 and70 km, -0.03 forthedis-

tancerangesbetween70and130kmand0.04 forthe

distancerangesfrom 130 to1，000 km.Theslopeis

assumedtobezeroforthedistanceslessthan10km.

(3)ThesiteG(f)

Thefactorsthatcontrolthechangeoftheseismic

groundmotionamplitudesattheearth'ssurfaceare

impedanceanddiminution.Boore[ 2003] separated

thepatheffectG(f)intotwotermsasfollows:

G(f)=A(f)+D(f). (11)

Velocityanddensitymodelisconvertedintosite

amplificationA(f), usingthesquarerootoftheim-

pedanceratiobetweenthesourceandthesurface.For

polarizedshearwaves, theimpedanceisdefinedas

theproductoftheshearwavevelocity, densityand

thecosineoftheangleofincidence.Theamplification

isrelativetothesurfacemotionthatwouldexistifthe

materialwerereplacedwithuniformmaterialwhose

velocityanddensityequaltothoseatthesource.

3.3.2　Results

Itisnoticedthat, Beni-Suefseismiczonerepre-

sentsthenearestseismiczonetotheproposedsite

(Table3)andbyapplicationofstochasticsimulation

method, thepeakgroundaccelerationatthesitehas

obtained(Table4).Thesimulatedtimehistoryof

PGA, velocityanddisplacementattheGASCOsite

forBeni-Suefseismiczoneswascalculated(Figure

11).

Table4.MaximumPGAatthesitefortwoseismiczones

Seismiczone Max.magnitude(MW) Max.PGA/cm·s-2

SouthwestCairo 6.31 2.55

Beni-Suef 5.6 9.34

Figure11.SimulatedtimehistoryofthemaximumPGA,

PGVandPGDatGASCOsiteforBeni-Suefzone
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3.3.3　ResponseSpectra

Responsespectraaredefinedonthebasisofthe

responseofsingledegreeoffreedomdampedoscilla-

tortotheearthquakeacceleration[ Jennings, 1983] .

Theresponsespectraofanaccelerogramservethedu-

alfunctioncharacterizingthegroundmotionasa

functionoffrequencyandprovidingatoolfordeter-

miningearthquakeresistantdesigncriteria.There-

sponsespectrawerecalculatedwithfourselected

dampingvaluesof1%, 3%, 5% and10 % ofthe

criticaldampingatGASCOsiteforBeni-Suefzone

(Figure12).

Figure12.ResponsespectraformaximumPGA

atGASCOsiteforBeni-Suefzone.

4　Conclusions

EightseismicprofilesarecarriedoutatGASCO

site.Itisnoticedthatthegroundmodelconsistsoftwo

layers.Bothelasticmoduliandmaterialcompetence

scaleshavebeencalculatedandindicatethatthesite

hasagoodsoilandhardlimestonerock.Theseismic

activityina150-km-radiuscirclehasbeencollected

fromdifferentdatasources.Fourseismicsourcezone

whichmayaffectGASCOsitewereidentifiedandthe

maximum expectedmomentmagnitudeswereesti-

matedforeachseismicsourcezone.Thestochastic

techniquewasusedforthesimulationofthetimehis-

toryandresponsespectraforthePGAatGASCO

site.Beni-Suefzonerepresentsthenearestseismic

sourcezonetoGASCOsiteandtheseismicmoment

ofmaximumearthquakethatoccursfromthissource

isfoundtobe2.82 ×10
24
dyn·cm.Thesimulated

PGAisabout9.34 Gal.Basedonthisstudyitcanbe

concludedthat, GASCOsiteischaracterizedbyits

lowseismicactivityandlowvaluesofPGA.Inaddi-

tion, theresponsespectraatGASCOsitearecalculat-

edandavailable.Thisindicatesthattheselectedsiteis

validandsafeforconstructionpurposes.
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埃及东部沙漠 Gasco天然气公司工程场地大地
构造参数和地震灾害评估

KamalAbdel-RahmanEl-Sayed

(埃及国家天文和地球物理研究所地震学室 , 埃及开罗市 Helwan镇)

摘要:根据埃及 Gasco天然气公司工程场地的现场调查资料 、 地震活动性和地震灾害评估结果 , 对该场地进行了

评估。通过浅源地震波折射勘探 , 对 8个地震剖面上的土壤和岩石的弹性动态常数进行了分析。场地地面模型包

括两层 , 分析表明它们具有从中值到高值的弹性动态常数 , 说明场地有良好的土壤条件和基岩岩性。同时 , 我们

搜集和分析了研究区周围 150 km半径范围内的历史和仪器记录地震 , 从构造环境 、 地震活动性 、 地质构造和主

要地震的断层面解等方面进行了研究 , 认为场地受 4个震源区的影响:苏伊士中部海湾 、 开罗 —苏伊士地区 、 开

罗西南和 Beni-Suef地区。我们采用地震活动性统计方法并结合专家判定 , 确定了这些震源区内最大地震的矩震

级 (MW)。另外 , 依据场地峰值加速度 (PGA)和反应谱 , 用随机方法对场地进行了地震灾害评估。 4个震源区

中 , Beni-Suef地区距离工程场地最近 , 其 PGA最大值为 9.34 cm/s2 , 但这个值很小 , 表明地震不会对工程场地

产生破坏性影响。最后 , 我们还模拟了阻尼为 1%、 3%和 5%时的伪加速度场地反应谱。

关键词:地震折射;地震破坏;场地响应
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