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ABSTRACT

The study on “Earthquake Ground Motion ParametefStouctural Design in Nepal”
is carried out in two parts: in the first part, fh@babilistic seismic hazard analysis is
carried out for the Kathmandu Valley consideringablive faults as earthquake
sources; the recurrence law proposed by GutenbelgeR is used. The intensity of
earthquake at the center of Kathmandu valley imseof PGA and SA is obtained by
adopting the attenuation law proposed by Youngal ¢1997) and poison’s process
for occurrence of earthquakes. Using conditionabbpbility of magnitude of
earthquake and source to site distance, the pildiEbseismic hazard curves are
obtain at the bed rock, free field as well as sajgdy assuming soil amplification
factor of 2. In the second part of the study, @lsirenvelope of the spectral ordinates
are obtained using Young’s et al empirical relaglup due to all sources for bed rock
and free field separately, which are used to sitaulame-Histories at the bed rock as
well at free field . The study shows that the cdwiion of Source Gosai Kunda
(MCT-3.30) in Seismic Hazard curves is larger corafa the other sources and it is
considered to be the vulnerable source for Kathma®ity. The program developed
in Visual Fortran which generates time history freesponse spectra and gives good
result within 20 iterations. Results are verifiedsing Standard Software
(SeismoSignal).
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1. NTRODUCTION

1.1 General
Nepal lies in highly seismically vulnerable regibecause of geotectonic activities
and the geotechnical condition of the region. Aidire to be designed in this region

shall consider rationally the seismic risk.

Earthquakes are among the most destructive naligasters. The life and economic
loss which may result from severe earthquake sgild densely populated area, is a
direct consequence of damage and collapse of hgsdiThere are several densely
populated mega-cities that are located in a sofiosié and are not far from
seismically active faults. As scientifically provesoft deposit tends to magnify
earthquake accelerations several times even if efhieenter distance is several
hundreds of Km away as was the case with Mexicp £I85 earthquake. Unless the
buildings were designed to resists earthquake $poreseich magnified ground
acceleration may result in severe damage to bgidicausing many fatalities and

casualties.

The problem of earthquake resistant design of strat frameworks has been
recognized by engineers for many years, but inlg cecently (1950’s) that the most
significant progress has been made. These advamsedted from many factors

including: (1) increasing availability of strongogind motion records in some parts;
(2) the introduction of statistical approaches malgsis and design; (3) improved
understanding of the dynamic behavior of heaviladed structures; and (4)
increasing availability of high-speed digital congns and powerful software for

nonlinear dynamics analysis of structures. Unfataly the availability of strong

motion records does not apply to many seismicattyva areas. An earthquake is
usually defined by a collection of responses tirstony. If the observations can be
predicated, the process is called deterministitolirever, the observations can only
be defined in terms probability statements, thec@ss is referred to as non-

deterministic or stochastic.



The true random nature of earthquake phenomenabearealistically represented
only by statically mathematical models. Analysest thave used actual recorded data
of particulars are equivalent to deterministic.héligh the deterministic aspects of
these analyses become less restrictive when affafcta large number of past
earthquakes are studied, the opportunity to ingatdi response for spectrum of
reconstructed earthquakes is limited by the redftigmall number of existing record
of strong motion earthquake and their total absencgome cases. These concepts
give rise to the use of recommended use of simdilatgthquakes time histories to
represent ground motion. This thesis focuses toerggion of acceleration time
histories of earthquake using spectral analysithodigh simulation of earthquakes’
time histories becoming less important due toeases in availability of earthquake
records and wide spread of strong ground motioelaoegrams, this is not the case in
many part of the word where there is still moderatthquake activity rate.
Therefore, the necessity and importance of suatarel stem from the lack of strong

ground motion record for Nepal as a large city withderate seismic activity rate.

Acceleration Time-histories & Response spectrum dhe most detailed
representation of earthquake ground motion andadoat wealth of information about
the nature of the ground shaking. The data ardnemtjby engineers or researchers for
analyzing the performance of new or existing strtes located at a specific site and
the response of layered soil deposits under seibrating. Selection of appropriate
time-histories for specific geological and seisngidal conditions plays an important

role for obtaining accurate results.

The present study deals with the simulation of heprake ground motion for the
probabilistic risk assessment of structure. Peattu@d Acceleration, Acceleration
Response Spectra, and Ground motion are selectde gmrameters to characterize

the earthquake ground motions.

1.2 Seismicity and geology of Nepal
The seismicity of Nepal and the surrounding reg®attributed to the result of Geo-
tectonic activities in the Himalayan range whicleasmsidered to be relatively new. The

rock types in the region, in general, are considi¢oebe soft.



Nepal is situated in the central part of the Hingataarc, and tectonically lies between
the Indian and Eurasian Plate. Convergence ratgeeet which is 41 to 61 mm per
year as presented by Minster and Jordon in 197&@aand Molnar 1988).

Nepal takes approximately half length of greatenédaya, which is part of the trans-
alpine belt, regarded as one the main earthquakeepzones of the world and it is
located between latitudes 26°22’ N to 30°27’ N donpgitude 80° 04’ E to 88° 12’ E
with and average east-west axis length of aboutk88%and north-South width of 193
Km. The physical feature of Nepal with geologicausture from south to the north
(Sharma 1997) is presented in Table 1.1. Becaus¢eaibnic movement, many
earthquakes have occurred in this region in itdohys Records noted on some
Nepalese religious tracts indicate that a big gardke hit Kathmandu in June 1255
AD. The quake killed approximately one third of igpulation at that time. Since then
severe earthquakes have been reported which odaardet05, 1408, 1681, 1810, 1866
and 1934 AD (BECA 1993, Ambrasseys and Douglas R0&4idences in big
earthquake in central part of Nepal occurred inggod from 700 to 1100 AD have
been published recently but exact occurred datenbasonformed yet (Lave et al.
2005). Historical records show that at least asbiack as the early f8century,
damaging earthquakes have occurred in the Himalaggion in every few decades.
But since 1950, the damaging earthquakes haveew®st keported in this region and in
some areas. From recent studies depending uporvaheus analysis and GIS
(Geographical Investigation System) data, slip mténdian and Tibetan plates is 19
mm per year (Jouanne et al. 2004). But the caledlalip for the whole Himalayan-arc
from occurred earthquakes is only one third of thieserved slip (Bilham and
Ambrasseys 2005). It shows that either the earttgjuacords are missing or severe
earthquakes may be overdue. Many earthquake sfneeiter Himalayan region in past
but the worst may be yet to come and it may ocewrinear Nepal. According to the
new analysis by Bilham and Ambrasseys 2005, onenore massive earthquakes
measuring greater than M8 on Richter scale may werdoe in the Himalaya,

threatening the millions of people that live in tiegion.

More than ten thousand people were killed in 198hguake. Since then, Nepal's

population has doubled and urban population has#@sed by a factor more than ten



since last greater earthquake. In urban, mosteoptople live in poorly constructed
houses without considering the seismic codes. flal @rea almost all people live in
low strength masonry house constructed by manhgtbype and bricks which have
been proved the major cause of live loss in eaekegs. Considering past human tolls
from earthquakes, population increases that hacarmed since then and the added
low quality houses, the future scenario of deatid damages could be worse than
2005 Pakistan earthquake. Previous seismic hazatinade (BECA Worley
International 1993) is based on uniform distribatad assumed earthquakes data over
big area without well explained details. The sibasists of 92 faults (BECA Worley
International 1993). The types and number of thdtdaare presented in Table 1.2.
The total 197 earthquake events with magnitudetgrethan M4 are grouped as

shown in Table 1.3

Nepal region is composed of different faulting memkm from Terai to the Himalayan
range. Himalayan Frontal Fault (HFF) bound the iTBtain tectonic area to the north.
The Terai plain is composed of alluvial depositslepth of about 1500m. Churia hill
range, composed basically of sandstone, is lodatede north of Terai plain and is
bounded to the north of by Main Boundary Thrust (MEnd the HFF respectively.
Mahabharat hills and Midland can be categories essér Himalayans (LH) tectonic
area. This part is bounded between the MBT andhnorbst Main Central Thrust
(MCT). This is mainly composed of schist and Gmanih some parts. Higher
Himalayan zone including Tethyan Himalayan tectanriea is bounded to the south by
MCT and to the north by N-dipping Normal Fault. Flarea is mainly composed by
Gneiss but it also consists of shiest and Gneisseapper part but 3.5 to 10km thick
section is composed of high- grade metamorphic.riogier Himalayan valley includes
the Tibetan Plateau which is composed of Tethyatinmsmnt. The fault System and
Epicenter of large earthquakes in Nepal is presemteFig. 1.1. All the faults and
historical earthquakes greater than magnitude M3paesented in Fig.1.2. They are

scattered and concerned outside the faults.

The Kathmandu Valley has a long history of eartlkg@sabut the scientific data of
these are remained unrecorded. The seismicityeof/#tiey is basically attributed to
its proximity to the Himalayan Range and its peamugieo-tectonic and geo-technical

features. Another major factor influencing the lewé ground motion within the
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Kathmandu valley is the site amplification due trconsolidated sediments, which
dominates the subsurface soil condition of theeyalWith a growing population of
almost a million people, uncontrolled developmeatd building construction
techniques that have changed little in the pastucgn Kathmandu valley has
becomes increasingly vulnerable to catastrophithgaakes with each passing year.
To improve the structural performance, improvemianthe ability of structure to
dissipate the dynamic energy has become a gredtofgaresent days. In past years
people actually did not used to bother about aksé¢hthings. But in present days

people are showing their interest in constructigigraic resistant structures.

1.3 Problem and issues

As already mentioned, Nepal lies in highly seisrtycaulnerable region. Therefore,
this region has high chances of tectonic earthquakeldition to earthquake through
the local slippage of geological faults undernehtts of damages have been suffered
in Nepal due to past earthquakes. Since no steictam be built as 100% earthquake
proof. Considering the importance of structure aminpromising economically,
structures are designed to withstand certain eaatte of particular level of interest.
This necessitates the probabilistic approach tostiemic design of the structures

situated at particular location

We are still using mostly ELCENTRO Time history, ialn is not developed for
Nepal. It is mainly, due to not availability of Temhistory & Response spectrum
curve for Nepal. So own Earthquake ground motioraiaters like Peak ground
acceleration, acceleration response spectra, ameé History are very important in
case of Nepal, which provides large amount of mif@tion and makes precise
description of a ground motion rather cumbersomigerdfore, the necessity and
importance of such research stem from the lackrohg ground motion record for

Nepal as a large city with moderate seismic agtinate.

Fortunately, it is not necessary to reproduce eime history exactly to describe the
ground motion adequately for engineering purpolds. necessary, however able to
describe the characteristics of the ground motian &re of engineering significance

and to identify a number of ground motion paransetéhat reflect those



characteristics. For engineering purposes, thregackeristics of earthquake motion
are of primary significance: (i) The amplitude,) (frequency content, and (iii)
duration of motion. A number of ground motion paedens have been proposed, each
of which provides information about one or moratase characteristics. In practice,
it is usually necessary to use more than one dettgarameters to characterize a
particular ground motion.

1.4 Needs of the study

Prevailing codes provides earthquake parameteigeireral for a region and not
specific for a particular site. So the major problgenerally encountered by the
structural engineers in the determination of dessgmthquake for design of a
structure so that it could be properly designetkthuce the possible damages due to
the earthquake in the future.

The Indian Standard criteria for earthquake resistiesign of structure (IS 1893-
2002) or the National Building code for Nepal (NBG5/1994) serve the practical
purposes. These codes generally provide seismitiagests, which are developed
from seismic zoning for a whole country. The samismic coefficient is taken for
the earthquake design of structures lying withie $ame seismic zone. As a matter
of fact, topography, earthquake sources, localcgmilition, attenuation relationships
etc, which describe the ground motion parameterdéferent even in smaller area.
Hence in order to determine realistic ground moti@mameter at a particular site,
seismic Hazard analysis (SHA) is carried out. Adaagly Problem and issues are

categorized as follow:

1. Nepal lies in the seduction zone of Eurasian Plaith the Indian Plate.
Therefore this region has high chance of tectorsthguake in addition to

earthquake through the local slippage of geolodgaals underneath.

2. Since no structure can built as 100% earthquakeofpr@onsidering the
importance of structure and compromising econonyicatructures are designed
to withstand certain earthquake of particular leseinterest. This necessitates
the probabilistic approach to the seismic designthef structure situated at
particular location.



1.5 Obijective

1.5.1 Overall objective

The general objective of this research work isdwedop suitable Earthquake ground

motion parameters for structural design in Nepal,tisat it could be properly
designed to reduce the possible damages due &@atttequake in the future.

1.5.2 Specific Objectives

The specific objectives of this proposal researorkvare as follows:

1. Identification of the seismic sources that can hawasiderable effect on the
region under consideration, evaluations of spatml size uncertainty of seismic
sources and identify the suitable recurrence law.

2. Estimation of Peak Ground Acceleration (PGA) fosite and generation of
seismic hazard curve.

Generation of Response Spectra.
Simulation of Time-history.
Development of a program to generate Time Histagmf given Response

Spectra.

1.6 Scope of the Study

To achieve the above objectives, the study is@drmut with the following scope of

work:

1. Identification of seismic sources and determinatidrseismic parameters of the
sources.

2. Identification of suitable attenuation law basedidferent literatures.

3. Probabilistic Seismic Hazard Analysis and detertidmaof seismic hazard curve
at bed rock as well as at free-field.

4. Determination of Response Spectra at bed rock dsawat free-field.

5. Simulation of Time-History using a relation givey Bl.R. Khan



1.7 Organization
The work has been presented in five chapters ingduthis introduction chapter.
In second chapter, Literature survey on the attémudaws based on earthquake
sources (EQ), Simulation of time history and itdated parameter, soil
amplification factor are discussed. Chapter thriseusses the numerical part of
probabilistic Seismic hazard analysis (PSHA), ideattion of EQ sources and its
characteristic values. Calculation of Peak Groundceferation (PGA) and
Spectral Acceleration at the bed rock and frealfage discussed. In chapter four
simulation of time history and related parametees siudied. A brief summary
and conclusion of the study including extended wodte presented in last

chapter.



Table 1.1 Physical feature of Nepal with geologicaltructure

1%}

SN Belt Width (Km) | Rock Type Age of Rock

1. Terai Plain 20-50 Alluvium Recent

2. Churia Hills 20-30 Sand stone Mid—Miocene tadtteen
3. Mahavarat hills 30-40 Granite, SchiBte-Cambrian gneiss
4, Midland 40-60 Granite, Schjdere-Cambrian gneiss
5. Higher Himalaya Zone 10-6 Himal Gneiss Pre-Caanbgneiss
6. Ineer Himalaya Valley - Tethyan Cambrian- Cretacs
Source: Sharma (1997)

Table 1.2 The type and number of faults

SN Fault Designation Numbers Percentage

1. Normal N 17 18.90

2. Reverse R 36 36.00

3. Strike-Slip SS 0 0

4, Dip-Slip DS 1 1.08

5. Other OS,RL, LL 38 41.42

Source: Beca Worley International (1993)



Table 1.3 Arrangement of earthquake events

Year Magnitude
Start End | 4049 5059 6060 7079 8089 °@
1100 | 1931 1 2 5 5 2 15
1932 | 1936 1 2 1 1 1 6
1937 | 1941 2 2
1942 | 1946 1 1
1947 | 1951 1 1
1952 | 1956 4 2 6
1957 | 1961 2 2
1962 | 1966 7 5 1 13
1967 | 1971 11 3 15
1972 | 1976 13 3 16
1977 | 1981 12 12
1982 | 1986 14 14
1987 | 1991 29 > 1 32
1992 | 1996 19 1 1 21
1997 | 2001 23 > 25
2002 | 2006 16 16
Total 146 30 12 6 3 197
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2. LITERATURE SURVEY

2.1 General
There are so many excellent literatures are availab the related topic from which
some of literatures are referred, however, theditees for simplicity classified into

the broad areas as given below are reviewed tlitédeithe study.

2.2 Literature on Recurrence law and Earthquake sorce modeling
On the basis of southern California earthquake roes;oGuttenberg-Richter (1944)
defined the relationship of the annual rate of edemce of earthquake of certain
magnitude with the magnitude itself.

logA, =a—bm m < Mpyax (2.1)
Where A, is the mean annual rate of exceedense of magnitide

my,.« IS the maximum magnitude occurred in the region;

a and b are statistical constants.
Guttenberg-Richter recurrence law to represenbéievior of single source has been
called into question by Schwartz and Cooper Snii#84) and Schwartz (1988).In a
general, stable rate of occurrence of earthqualestaserved in the vicinity of lower
and upper magnitude which is not seen in the GatgnRichter recurrence law.
Paleoseismic studies indicate that individual mon faults and fault segments tend
to move by approximately the same distance in esmithquake. This has been
interpreted to suggest that individual faults repdly generate earthquake of similar
(within about one-half magnitude unit) size, knoascharacteristic earthquakes, at or
near their maximum magnitude.
Young and Coopersmith (1985) developed a genedatirgnitude-frequency density
function that combined an exponential magnituderibistion at lower magnitudes
with a distribution in the vicinity of the charadttic earthquake. Wesnousky et al.
(1984) and Wu et al. (1995) have developed othedewmothat account for
characteristic earthquakes.
Based on five decades of seismicity records fomthgr seismic sources of southern
California, Wesnousky (1994) concluded that whihe tavailable data were not
sufficient to disprove the Gutenberg-Richter reence law. The characteristic

earthquake model better represented the observsttibdtion of earthquake

12



magnitudes. However, Gutenberg-Richter recurreage ik being widely used by

researchers.

2.3 A brief description of traditional strong motion attenuation relationships

Strong motion attenuation relationships have lomgrban important tool in both
Deterministic and probabilistic seismic hazard gsial In estimating and designing
engineered structures for the earthquake Haaara given site, it is necessary to
have relationships describing the expected grouatioms at a given site as a function
of factors such as source magnitude, distance dvemy the source, and local site
characterization. Almost all attenuation relatiips describe expected peak ground
motions as functions of earthquake magnitude, asuoreaof distance to the source
region, and local site characterization. In stadd@gression terminology, the peak
ground motion quantities are the dependent vasalsled magnitude, distance, and site
condition are the independent or predictor varigbl&ome attenuation relation- ships
include other factors such as style of faulting ¢Bg Joyner, and Fumal, 1997) and
directivity effects (Somerville et al, 1997) to neddhe observed data. Typically, the
guantities being modeled are peak acceleratiork pekocity, peak displacement, and
response spectral quantities. Since it has beeenad$ that there are systematic
differences in ground motion characteristics acrafiferent tectonic regimes,
attenuation relationships are typically charactstizs being valid for one of three
categories: shallow crustal earthquakes in acteetohic regions, shallow crustal
earthquakes in stable continental regions, andctieduzone earthquakes (Abrahamson
and Shed- lock, 1997). Datasets for such attenuaétationships usually consist
of global earthquakes of magnitude 5 and greatdmong the more widely used
attenuation relationships are those developed lyrd3aoyner, and Fumal (1993, 1994,
and 1997), Abrahamson and Silva (1997), Campb®97), and Sadigh et al (1997).
The Seismological Research Letters special issuattenuation relationships (Volume
68, Number 1, Jan/Feb 1997) and a review paperampbell (2002) are good sources

for more details about more traditional strong mtttenuation relationships.
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2.3.1 Review of Existing Attenuation Relationships

Seismic hazard assessment many be performed deistioglly and probabilistically.
Both approaches require the use of ground motimaation modes for prediction of
ground motion parameters at a site. Most of thenatitions modes are based on
statistical analysis of recorded ground motionsjcvhare updated as new strong
motion data become available. Some of the prominemipirical attenuation
relationships literatures for the calculations efk ground acceleration (PGA) are
reviewed (J. Douglas 2001)

In general, the intensity parameters, such as, BGAsite is a function of sources to
site distance and the magnitude of earthquake. 3eletionship is reflected in

attenuation relationships.

Esteva (1970) developed an attenuation relationtipwest USA for unknown
numbers of horizontal records from unknown eartkgaathe approximate source to
site distance varies from 15 to 500 Km. The magigituof earthquakes is also
unknown. But the records are from the soils comparao stiff clay or compact

conglomerate and earthquakes of moderate durdtft@ground motion model is

A =c,exp(c; M) (R+ c3)™ ¢ (2.2)
Where Aisin galg; =1230¢, = .8,c3 = 25 ¢, = 2¢4=2 andy), = 1.02

And also other existing attenuation relationshipsbe review, which is briefly

discussed in Appendix A

2.4 Literature on Soil amplification and site geolgy.

Generally, attenuation of acceleration refers @libd rock motion or motion related
to geological description of recording stationseTecorded ground motion may be
affected by the nature of soil on which the reaogdstation is situated. Mac Murdo
(1984) noted that “buildings” situated on rock wearet by any means so much
affected as those whose foundations did not readhd bottom of the soil “in the

1819 earthquake in cutch, India. In his report lba 1857 Neapolitan earthquake,
Mallet (1862) noted the effect of local geologimddions on damage. Wood (1908)

and Reid (1910) showed that the intensity of growhmdking in the 1906 San
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Francisco earthquake was related to soil and g&olagnditions. A large
amplification (as much as factor of two) in accetems was observed to be
associated with shallow deposits for sites locatedr source of small to moderate
earthquakes [Campbell, 1985]. The classification tbése sites as rock can
significantly increase estimates of strong groundtiom if enough of these are
included in analysis. The different classificatechemes used by researchers divide
the site into hard rock, shallow rock, shallow wilum, deep alluvium, stiff soils, deep
cohesion soils, soft soils, etc. The classificatisrbased on the depth of the soll

deposit, age of the deposit, shear wave velocith@imedium, etc.

The soil response can be modeled either as a éumofi peak ground acceleration or
by using an amplification factor, which predict® thoil site response based on the
corresponding motion in the rock. There are impuartheoretical reasons why ground
surface motions should be influenced by local saditions. At most sites the
density and the s-wave velocity of material neardhrface are smaller than at greater
depths. If the effects of scattering and materiaimping are neglected, the
conservation of elastic wave energy requires timet low of energy (energy
flux,pVy u?) from depth to the ground surface be constantréfbee, since e and Vs

decrease as wave approach the ground surfaceatti@dgvelocity (u) must increase.

For local site effects, two of the most significagarthquakes were the 1985
Michoacan (Mexico) earthquakes (stone et al., 19Bdjna Prieta (California)

earthquake (Seed et al., 1990). These well-docwedesrirthquakes produced strong
motion records at sites underlain by a variety iffecent subsurface conditions in

Mexico City and the San Francisco Bay area. Altlotlge Michoacan earthquake
was quite large, its great distance from Mexicoy Qitoduced accelerations at the
rock site Fof only .03g to .04g, where as in th&kd.&one sites, however, peak
accelerations were up to five times greater thasehat the rock. Similarly, for the

San Francisco Bay area (1989) peak acceleratiofedta Buena (rock sites) were
.06g in the E-W direction and .03g in the N-S diat whereas, in the Treasure
Island (soll fill site), peak ground acceleratioeres .16g in the E-W direction and
.11g in N-S direction. Clearly, the presence oft swiils at the Treasure Island site

caused significant amplification of the underlyledrock motion.
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Seed et al. (1976) made comparisons of peak aatieles attenuation relationships
for sites underlain by different types of soil pleg show distinct trends in
amplification behavior. Overall trends suggests ek accelerations at the surfaces
of soil deposits are slightly greater than on redien peak accelerations are small

and somewhat smaller at higher acceleration levels.

Idriss, 1990 developed approximate relationshipvbeh peak acceleration on rock
and soil sites based on the various ground mo&oardings.

The strong ground motion produced by the 17th 0289 Lama Prieta earthquake in
northern California was recorded at over 100 statigenerated at different sites with
significant different geology (e.g. stiff soil, $cfoil, sedimentary soil). Analysis as
carried out by M. Niaxi, C.P. Mortgat and J.F. Seider (1992) showed that 8 out of
10 soft soil sites display significant amplificaticelative to stiff soil sites (as much as

300 % for horizontal and 200% for vertical compajen

Similarly, Masato Motosaka and Masayuri Nagano §)3%rried out the analysis of
amplification characteristics of ground motion ieakily damaged belt zone during
1995 Hyogo —ken Nanbu earthquake in kobe city,japaalysis showed that 100%
amplification of ground motion was observed as cangon to hard rock ground

motion.

2.5 Literature on shear wave velocity

Yutaka Ohta and Noritoshi Got (1976) investigatedystematize empirical equations
for the shear wave velocity of soils in terms afifeharacteristics index i.e. the N-
value of the Standard Penetration Test, depth wtieresoil is situated, geological
epoch (age) and solil type (R). Fifteen sets of engliequation to estimate low strain
shear wave velocity theoretically may be obtaingdcbmbining the above four
indexes. All of these sets were derived by usebolia 300 data, and their accuracies
were evaluated by means of correlation coefficigas .86. The empirical equation
relating the standard penetration N-value to theashwave velocity provided a
correlation of only .72 and is one of the lowesbkiag among the 15 sets of
equations. One of the empirical equations relatmghear wave velocity with the

depth, soil type and geological age was as follows:
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1.0007 |1.261

1.4351;]1.412
1.482
1.9271;

clay
fine sand
alluvium] medium sand
diluviumlg| coarse sand
sand and gravel
gravel

] [1.202}

V, = 84.36 x H?%5 [ (2.3)

Where, [

According to D.J. Dowrick the shear wave velocifysoil is also calculated by using
the soil properties like shear modulus and unitgiveiof the soil with the help of

following empirical formula:

1

v, = () (2.4)

Where G =S hear modulus,

P = Density of soil.
But this formula gives same value of S.W. velodiy different depth for same
properties of soil since shear modulus and unighieof soil are constant which is
quite impossible. So empirical formula given by &ka Ohta and Noritoshi (1976)

was used to calculate the shear wave velocity ibhtdifferent depth.

2.6 Ground Response Analysis to develop Site—SpéciResponse Spectra at Soil
sites.

This describes one-dimensional ground response/sesl which are often used to
modify earthquake motions in bedrock to accounttlier effects of a soil profile at a
site. Steps involved in ground response analysedet@lop site-specific response

spectra at a soil site are briefly summarized bedad are illustrated by an example.

a. Characterization of site conditions. Based osulte of field and laboratory
investigation programs, one or more idealized pailfiles are developed for the
site. Site characterization includes developnwndynamic soil properties (e.g.
shear modulus and soil damping and their variatioitls shearing strain) for each

soil layer present at the site.
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b. Selection of rock motions. Appropriate rock roa8 (either natural or synthetic
acceleration time- histories) are selected evetbped to represent the design
rock motion for the site. If natural timastories are used, a suite of time-
histories that have ground motion characiesst(e.g., peak ground motion
parameters, response spectral content, andatiglur of strong shaking)
generally similar to characteristics estimated thee design rock motions are
selected. The response spectra for the seleatkdmmtions should, in aggregate,
approximately fit or reasonably envelop thesign rock spectrum developed
for the site. Natural time-histories may bealed by a factor to improve the
match to the design rock spectrum. If symtheine-histories (i.e., recorded
time-histories modified to achieve a match to aatimeesponse spectrum) are used,
their spectra should approximately fit the desigokrspectrum. The duration of
shaking should also be reasonable. It is desithllemore than one synthetic time-
history be used. Preferably, rock motions aregassl at a hypothetical rock
outcrop at the site, rather than directly at theebaf the soil profile. This is because
the knowledge of rock motions is based on recoslaigrock outcrops; and unless
the rock is rigid, the motions at the base of thi€ ofile will differ from those of
the outcrop. (The differences increase as the adtshear wave velocity of rock to
shear wave velocity of soil decreases.) Some ctengodes allow the rock motion

to be assigned as an outcropping motion.

c. Ground response analyses and developmenbohdrsurface response spectra.
Using the rock time-histories as input motions, umi response analyses are
conducted for the modeled soil profile(s) to conepgtound motions at the ground
surface. Nonlinear soil response is approxichatey either equivalent linear
analysis methods (e.g., SHAKE (Schnabel, Seadd Lysmer 1972), or
WESHAKE (Sykora, Wahl, and Wallace 1992)) or noa#in analysis methods
(e.g., DESRA (Lee and Finn 1985) or SUMDES (Li 1990Parametric analyses
should be made to incorporate uncertainties in ulyoaoil properties. Analyses
are generally made for best-estimate (averagekerdppund and lower-bound soll
properties. Response spectra of the ground sunfextmns are calculated for the

various analyses made. These response spectrahearbé¢ statistically analyzed
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and/or interpreted in some manner to develop destgponse spectra of surface
motions. The time-histories obtained from the s#gponse analyses can be used as
representative time-histories of surface motiomecause the response spectra of
the input rock time-histories may not closely ohathe rock design response
spectrum (particularly when natural time-historége used), it may be desirable to
obtain “site amplification ratios” from the groumdsponse analyses rather than
using the response spectra of calculated aserf motions directly. Site
amplification ratios are ratios of the responsecspeof the ground surface motions
computed from the ground response analyses atlvidy the response spectra
of the corresponding input rock motions. Statal analyses can be made on the
amplification ratios or some other method used btain design amplification
ratios. The estimated response spectrum atgtbend surface is then obtained
by multiplying the site amplification ratiosybthe design rock response
spectrum over the entire period range. A des&gponse spectrum is then
developed by further smoothing the estimated grauréace response spectrum as
required. The time-histories from the ground resgoanalyses can be used directly
to represent ground surface motions, or synthitie-histories can be developed to

match the design ground surface response spectrum.
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3. SEISMIC HAZARD EVALUATION

3.1 General Approach

Earthquake ground motions, including peak values #me histories, are derived
through a process called seismic hazard analysisn& hazard analysis is an effort
to estimate what level of ground motion could bpexted at a site. Three data sets,
earthquake sources (where and how big), earthqoakerrence frequencies (how
often), and ground motion attenuation relationghipw strong), are required. In the
central and eastern United States, answers to ubstigns: “where, how big, how
often, and how strong?” are very difficult ones. domparison to typical plate
boundary seismic zone such as coastal Califorhi@,central and eastern United
States is located in the middle of the continerd has a totally different tectonic
setting. For example, the exact boundary of the Néadrid Seismic Zone is still
difficult to define, even though it is the mostigetand well studied in the country.
The biggest historical earthquake to have occurréde central United States was the
1811-1812 New Madrid events. The estimated magaitadges from about M7 to
M8—a large range, though it has been well studiEthriston, 1996; Hough et al.,
2000). Earthquakes are also infrequent, especiallge earthquakes that have
significant impacts on the built environment. Reence intervals for the large
earthquakes are quite long, ranging from aboutys@0s in the New Madrid Seismic
Zone to about 4,000 years in the Wabash ValleyndeiZone; they are even longer
in other zones. These recurrence intervals wenmapily determined from paleo-
liquefaction studies (Tuttle and Schweig, 1996 ve3al ground motion attenuation
relationships are available for the central Unigtdtes (Campbell, 2003; Frankel et
al., 1996; Toro et al., 1997; Atkinson and Boor893; Sumerville et al., 2001).
However, all the attenuation relationships were ettgyed based on numerical
modeling and sparse strong-motion records from Issagihquakes. These attenuation
relationships have large uncertainty and predicchmbigher ground motions in

comparison with similar magnitude earthquakes ilf@aia.

Two approaches, probabilistic seismic hazard amalyBSHA) and deterministic
seismic hazard analysis (DSHA), are widely usede ™o approaches use same data

sets, earthquake sources (where and how big),qeeite occurrence frequencies (how
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often), and ground-motion attenuation relationghipw strong), but are fundamentally

difference in calculations and final results

3.2 Probabilistic Seismic Hazard Analysis

Seismic hazard analysis plays an important roledrthquake resistance design of
structures by providing a rational value of inpazard parameter. There can be
several parameters to characterizing the hazaelsl@nd there are different methods
to estimate those. There are two approaches fanastg the hazard levels; the

deterministic approach and the probabilistic apgino&oth the approaches have their
advantage and disadvantage (Reiter 1990). Thendigigtic approach is transparent,

its input and output parameters are easy to uradetgtindholm and Bungum 2000) ,

but it does not treat model and data uncertain@esthe other hand, the probabilistic
approach correctly refers the actual knowledgeeadrsicity (orozova and Suhadolc

1999).

The scenario of earthquake is the central congapthe deterministic or maximum
credible earthquake (MCR) seismic hazard maps (/suthe 1997), Romeo and
Prestininzi 2000. However, when the seismic hammidfluenced by more than one
seismic source, it is impossible to define a singtenario earthquake that is
compatible with the result of probabilistic seisniazard assessment (Bomer et al.
2000). Moreover, these are not the bigger eartrepiakhich always influence the
hazard levels; smaller events are also importamietiones due to their higher
occurrence rates than those for the bigger eveitseéler and Mueller 2001). A
general rules is that more quantitative the degismbe made is, more appropriate
probabilistic hazard and risk assessment would beeraver, if many tectonic faults
are unidentified seismic sources contribute to seessmic hazard at a site; the
integration of those through a probabilistic analysrovides the most useful insight
(Mc Guir spectrum (UHS), which is a convenient tdol compare the hazard
representations of different sites (Peruzza €2Q0). Since UHS is often the preferred
goal of PSHA, any of the spectral properties cardigsidered as hazard parameter.
More over, for the design of important structurkazard analysis should consider

frequency dependent amplification of ground motassociated with the local site
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conditions, and in such cases, use of the spd@rrd parameters becomes essential
(Mc Guire et al. 2001).

PSHA can be carried out in various ways dependimépyav one depending on how
one defines the modes of seismicity. Cornell (1968} introduces the probabilistic

seismic hazard analysis (PSHA). He has been theepion developing the procedure
for PSHA and is still being used in seismic hazandlysis. The assumptions made

are as follows:

|. Earthquake epicenter is located within the seisroite.
[I.  Within the sauce zone, epicenters are uniformlyiaihadistributed.
lll. Earthquake occurrences in different seismic sowzoee are statically
independent.
IV. Earthquakes are randomly distributed with regardinee. The probability
distribution of earthquake in time is Poisson’drifisition.
V. Peak ground acceleration (PGA) at a site depends aprthquake magnitude
and source to site distance witch describes teawadtion relationship.
There is certain relationship exists between thie o occurrence of earthquake of
particular magnitude and rate of the earthqualkelfit§he concepts considers the
model of all potential earthquake sources in tegian under the consideration
(Seismic modal) and how the intensity of groundksig will be diminished with
distance away from the earthquake occurring widanh of the sources (attenuation
model). These two are combining to express the ghitity of exceedence of

particular level of ground shaking in certain timeerval.

3.3 Identification of Seismic Sources with Charactestics

The essential ingredients of seismicity are thecketson and location of all the
seismic sources likely to affect the region undmrsideration and an estimate of the
likely to affect the region under consideration aard estimate of the likely future
recurrence of earthquakes of various magnitudesdoh of the sources. The different
feature s of sources can be identified such ag feades and subduction zones or
where there insufficient definition, the sources dse represented as an area over

which seismicity will similar. While it is relatilg easy to identify previous faulting,
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it is often difficult to estimate the likely futureccurrence of earthquakes which
would be associated with future fault activity. Witt these recurrence estimates, it is
impossible include the faults as specific seismigrees in a probabilistic analysis and

recourse must be made to broad aerial sources.

(i)  Spatial Characteristics of fault sources:

Seismic sources require consideration of spatiatattteristics of linear sources and
distribution of earthquake within that source zofieuniform distribution within the
source zone does not reflect the uniform distrdoutdf source to site distance. The
uncertainty in the source to site distance can éscribed by probability density
function. For the linear source, the probabilityattrearthquake occurs on small
segment of fault L=I to L=I+dl is the same as thebability that it occurs between
R=rto R=r +dr [Refer figure 3.1 (a) & b]: that i

fL(Ddl = fg ()dr, (3.1)
fo(0)dl = f, (Ddl/dr, (3.2)

Where fL =(l) and fR = are probability densitynfition for variables in L and R
respectively.
Uniform distribution of fL () means fL (I) = 1/Lf

Since 12 = r2—-r2,
r
fi = e (3.3)

However, it is easier to evaluate(f) by numerical rather than analytical method: Fo
each linear fault sources to site distance for sagment is calculated at the center of
fault i.e. point source, it is the limitation ofetlassumed attenuation law. The average

of the maximum and minimum source to site distance.
(i) Size characteristic of fault sources:
Another aspect is the recurrence relationship fahesource. Gutenberg — Richter

(1944) recurrence law is adopted here. Staticalgstigation of historical seismicity
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over areas of similar seismicity have shown thati@hship between the frequency of

occurrence of earthquake greater than or equadirSFL was expressed as

logA, =a—bm m < My, ax (3.4)
Where, A, is the mean annual rate of exceedense of magnituge
mp,.«IS the maximum magnitude occurred in the region;

a and b are statistical constastscharacteristic of source.
Ay = 1037Pm = ga—fm (3.5)

Wherea= 2.303a,3= 2.303b. This covers the infinite range of magigtdirom <o to
+oo, for practical purposes, small magnitude earthgeak<5) cannot produce
significant damages and hence below M5 magnituée discarded in the hazard
analysis. Similarly the upper bound magnitude gredthan M9 have never been
observed in the past earthquake even in the weététhce every fault sources are
associated with maximum magnitude,M which are also adopted from the same
report as mentioned above.

Mc Guire and Arabasz 1990, gae mean annual raexadedence for lower bound

and upper bound earthquake as,

e—B(m—mo)—e_B(mmax_mO)

Am =V 1—e—B(Mmax—mp) (36)

And probability density function for Gutenberg —cRier recurrence relationship
with upper and lower bound earthquake can be wurdte

e_B(m_mO)

fn(M) = —mmamo (3.7)

For each source the difference between the lowdrugper bound magnitude is
divided in such a way that the class interval ef tiagnitude represents around M.
The computed probability density function for eaclirce is presented in table 3.1
Probability of the magnitude falling in the classterval of magnitudes is

calculated using following equations.
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Plm; <m <my] = fy(m)dm = fy (mlzm“) (m, — my) (3.8)

3.4 Attenuation Relationship

Attenuation relationship provides the relationdgtween the level of ground shaking
and distance from the earthquake source for vanyiagnitudes. The level of shaking
and distance from the earthquake source for vamyiagnitudes. The level of shaking
are generally interpreted as Modified Mercalli mggy (MMI) and ground motion
(acceleration, velocity and displacement). In #fisdy peak ground acceleration as
the intensity parameter is used. The uncertairdp@ated with such attenuation law
is large. If this uncertainty is ignored, the hakzegsult can be erroneous. Therefore, it
is necessary to define the distribution of resalteut the defined mean attenuation
predication. There are a number of empirical ation relationships developed
based on different amount of data of different fiuaheasured from the earthquake
occurred in the past in various regions of the didFor the present study attenuation
law proposed by Youngs et al (1997) is used wisalteiscribed below:

Attenuation law of Young’s et al. (1997)

Young's et al. (1997) developed an attenuatiorticeiahip based on the 476 strong
motions records from 164 earthquakes that occunredbduction zones i.e. Alaska,
Chile, Cascadia, Japan, Mexico Peru and Solomandslwith magnitude ranging
from 5.0 to 8.2 Moments Magnitude ¢ Distance to rupture plane as well as hypo
central distance for some data was taken as thendis parameter ranging from 15
Km to 450 Km. Focal depth used in the analysis betg/een 10 Km to 229 Km. He
has noted the large difference between rock ang sleie

Attenuation Equations Derived by Young et al (199€ presented in Appendix A

3.5 Determination of intensity parameter (PGA) at he bed rock of the site
For a given earthquake occurrence, the probaltiiély a ground motion parameter Y

will exceeds a particular valye can be computed using total probability theorem.

Ply >y*] = Ply > y*/X]P[X] = [ Py > y*/X]f,(X)dx (3.9)
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Where X is vector of random variables that infloerY. In most of the cases the
quantities in X are limited to magnitude M and diste R. Assuming that M and R

are independent, the probability of exceedencebeanritten as
Ply >yl = [f Ply > y*/m, r]f,(m)f; (r)dmdx (3.10)

Which is obtained from the attenuation relationshipd f;(m) and &(r) are the

probability density function for the magnitude atistance respectively.

If the site of reference is in a region of Ns poitarearthquake sources, each of which
has an average rate of threshold magnitude exceeder: exp (a; — Bim,, then the

total average exceedence rate for the region witiiken by
Ay = 22, vi [ Ply > y*/m, rlfiy; (my)fy (i) dmdr (3.11)

The individual components of equation (3.11) areviotually all realistic PSHAs,
sufficiently complicated that the integral can bealaated analytically. Numerical
integration, which can be performed which simplyidié the possible ranges of
magnitude and distance intoyNand Nz segments respectively. The average

exceedence rate can then be estimated by

Ay = Zicy T304 2RE, vi Ply > y*/m, 1] g () s (i) AmAr (3.12)
Where, PDF of magnitude

m = (my; + m,)/2

m; = mg + (j — 0.5)(Mpax — my)/Ny

Ik = Mpin + (K= 0.5)(Tmax — 'min)/Nr

Ay = (Mpax —mg)/Ny

A; = (rmax = I'min)/NRr (3.13)

This is equivalent to assuming that each souramjsmble of generating only N<M
different earthquakes of magnitude at only different source to site distancex.R

The Equation (3.12) is then equivalent to

Aye = T T 2R, vi Ply > y* /my, ri[P[R = 1y ] (3.14)
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The accuracy of the numerical integration procedlresases with increasingynd
Nr.
The established attenuation relationship will givBHSA.

Using the Standard normal variate Z*, we have,\

7% — Iny*—InPHSA 3.:(5)

Ology

Where is the uncertainty associated with the a#teon relationship, which represents
the standard deviation of the lognormal PGA. Usimg table of standard variate, we

get,
P[PHSA >y* / M = myry] (3.16)

And then it is possible to calculate which are éodummed for each source to site

distance, each magnitude and each source zone.

3.5.1 Seismic hazard curve
The seismic hazard curve can be easily combinet thié Poisson’s model to
estimate the probabilities of exceedence in firtitee period. The temporal
occurrence of EQ is most commonly described byisopés model. The Poisson’s
model provides a sample framework for evaluatingbpbilities of events that
follow a Poisson’s process. Poisson’s process isedaon the following

assumptions:

() The number of occurrences in one time intervah@ependent of the number
that occurs in any other non-overlapping time waér

(i)  The probability of occurrence during a very shoriet interval.

The probability of more than one occurrence dumngery short time interval is

negligible.

The probability of exceedence of y* in time peribdks,

Plyp>y*]=1—eT (3.17)
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The mean annual rate of exceedence that has cégtpinobability of exceedence in

T year’s period will be given by rearranging thewad equation.

)\ — lOg(l_Pin>y*D :(8)

y*

It is often necessary to compute the value of gdounotion parameter
corresponding to a particular probability of excemeck in a given time period.
Reading out from the hazard curve for mean anratal of exceedence in a given

time period can be evaluated.

As a result of PSHA seismic hazard curves at tlierbek is obtained for individual

source zone and combined to express aggregatedhfazgrarticular site. The basic
concept of the computation requires for the develemt of seismic hazard curves is
fairly simple. The probability of exceeding a peutar value, y* of a ground motion

parameter, Y is calculated for one possible eadhkguat one possible source
location and then multiplied by that particular meéigde earthquake would occur at
that particular location. The process is repeatedafl possible magnitudes and

locations with probabilities of each source.

3.6 Response Spectral Attenuation Functions

Response spectral attenuation functions expressetheesponse spectrum parameter
values as functions of M, R site soil classificatiand faulting mechanism. The
spectral attenuation functions are used to weidtg tontributions of various
earthquake sources to the site seismic hazarda@nseldom used as end-products in
their own right. However, if spectral attenuatiamdtions representing the defined
range of natural periods are used collectivelyeove a design response spectrum for
any given combination of M, R and site classifioati the “collective function”
effectively becomes a pseudo-deterministic respspsetrum. Such

a pseudo-deterministic response spectrum can nwdglthe average effects of the
M, R and site classification and does not take atoount any particular source or
path effects. Thus, strictly speaking, the respapsetrum derived from the spectral
attenuation function is only partially deterministhence the description “pseudo”),

to distinguish it from the fully deterministic respse spectrum.
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3.7 Numerical Study

As there exists certain relationship between tlie oh occurrence of earthquake of
particular magnitude and the rate of the earthqitskdf. The concepts considers the
modal of all potential earthquake sources in thgiore under consideration

(Seismicity modal) given in the ‘Seismic Hazard Miyg and Seismic Risk

Assessment for Nepal’ as a part of National Buddi@ode for Nepal (Habital)

Subproject NEP/88/054. The 10- different source&HRL0 (Narayani River), HFF-

1.15 (Dhalkebar) , MBT-2.3 (Arun g Kh), MBT-2.5,Hetauda), MCT-3.3 (Gosai

Kunda), HFF-1.13 (Amelkhgunj), LH-4.10 (SunkoshijdaLH-4.7, (Saptakoshi-

Deomai) are taken for the research work as showahualar form in Table 3.1. The

characteristics values, assumed maximum magnitnder@mment magnitudes for 10-
different sources are taken from the project 88/0B4e source to site distance is

found from map.

After finding the seismic sources characteristmaximum magnitude, and source to
site distance the annual rate of occurrence ofshiuld magnitude i.e. 4.5 is
determined using the recurrence law given in eqoa8.5). The probability density

function is calculated using equation (3.16). Thha conditional Probability of

exceedence is calculated. Using attenuation lawetkrby Young's et al (1997),

mean annual rate of exceedence is determined aalllyfthe seismic hazard curve is
plotted. All calculations necessary for the PSHAIdse in my thesis work under the
supervision of my guide and the necessary grapblated .i.e. the probability of

exceedence versus peak ground acceleration (PGAh@sn in Fig. (3.3 to 3.6).

Some calculations with the characteristic valuesl dhe assumed maximum
magnitude for 10-different sources are presentebular form in Table 3.1. Also

Using Young's empirical relationships Spectral Aecation for rock and soil cases
are obtained .The necessary graphs are plotte&pectral Acceleration (g) versus
Period (s) as shown in Fig. (3.7 to 3.8).

3.8 Results and Discussion
The seismic characteristic of 10-faults in the nityi of Kathmandu Region
considered in the study as earthquake sourcessempied in table 3.1. The same table

shows the rate of occurrence of earthquake of nmadmigreater than the threshold for
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each fault also. The obtain probability densitydiion (PDF) of various magnitude
for each fault is worked out in the same table. Nariation of the intensity
Parameter (PGA) with source to site distance fdiedint magnitudes calculated
considering attenuation law. Fig.3.2. Presents suchirve for magnitudes M5, M6,
M7, M8 and M9 using attenuation law proposed by nhgaiet al (1997). The intensity
parameter reduces as the source to site distaomages. The seismic hazard for the
bed rock, free-field and also for soil amplificatitactor of 2 for center of Kathmandu
City using attenuation law Young's et al (1997) ah®own in Fig. 3.3, Fig. 3.4 and
Fig. 3.6 respectively. The Seismic Hazard curvéeat rock, free field and for soil
amplification factor of 2 using the same attenuataw for 50 years are shown in Fig.
3.3, Fig. 3.4 and Fig. 3.6 respectively. The spg¢cirdinates are obtained for bed rock
and free field by Young's empirical relationshigpaeately, which are shown in Fig.

3.7 & 3.8 respectively.

The PGA value for 10% probability of exceedencesthyears (the corresponding
return period is equal to 475 years) using atteondaw by Youngs et al (1997)

gives .32g for bed rock where as .39g for freedfigfig.3.6 shows that for soil

amplification factor of 2, the PGA value for 30%opability of exceedence in 50

years is equal to .32g. Fig. 3.7 and 3.8 showsdhlponse spectrum due to individual
sources and Single envelope of Spectral Acceleraiiothe basis of contribution of

each source in SHA for bed rock and free-field eesipely. Peak of Spectral

Acceleration is equal to 0.42g and 0.70g for bexk @nd free-field respectively.
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Table 3.1

Earthquake sources with its characteristic valuestad probability density function (PDF)

Probability Distribution Function (PDF)
Sources-to-
EQ
Sorces Fault Assumed| a- b- site
Sources Fault Name . M5 M6 M7 M8 M9
Zone Type M max Value | Value Distance
(Faults)
(Km)
1 HFF-1.10 Narayni River R/RL 6.7 5.2 15 84 0.7329.0732| 0.0073 0.0007Y 0.000{
2 HFF-1.15 Dhalkebar R 7.2 5.2 15 109 0.07132 (BOPM™.0007| 0.0001 0.7294
R,N
3 MBT-2.3 Arun Kh. d 7.5 5.2 15 171 0.007 0.0007 0.00p1 0.7296 0.0729
own
4 MBT-2.4 Narayni R 7.0 5.2 15 82 0.0007 0.0001.7206 | 0.0729| 0.0073
5 MBT-2.5 Hetauda R 7.3 5.2 15 42 0.00p1 0.72960729 | 0.0073| 0.0007
6 MCT-3.3 Gosai Kunda R 7.6 5.2 15 18 0.7287 (B0Y20.0073| 0.0007 0.0001
7 HFF-1.13 | Amlekhgunj R 7.0 5.2 15 54 0.0728 03(70.0007| 0.0001] 0.7304
. ) Rt-lat-st-
8 LH-4.10 Sunkoshi-Roshi Kh. | 7.0 5.2 15 70 0.0073 0.0007 0.00p1 0.7304 0.0730
S
9 MBT-2.6 Udaipur-Sunkoshi Rev.norm 8.0 5.2 15 138 0.0007 | 0.0001] 0.7304 0.0730 0.0073
10 LH-4.7 Saptakoshi-Deomai R 7.5 5.2 15 223 Ql0pM™.7304| 0.0730 0.0073 0.000f
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Fig, 3.2 Variation of PGA with source to site distace for different magnitudes of
earthquake for bed rock level.
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Fig. 3.3 Seismic Hazard Curve at Bed rock level for Centef Kathmandu City.
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Fig. 3.4 Seismic Hazard Curve at Free-Field for Center dathmandu City.
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Fig. 3.5 Seismic Hazard Curve at Bedrock & Free-Field foCenter of
Kathmandu City.
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Fig. 3.6 Comparison of Seismic Hazard Curve at Bedrock & Susafce for Center
of Kathmandu City, assuming soil amplification factor of 2
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4. TIME HISTORY SIMULATION

4.1 General
In reference with the hazard curve and responsetrsipe obtained in chapter 3,
seismic input parameters, especially artificialgimhistory is simulated for design

purpose in the region.

4.2 The acceleration time-history of the earthquake in Rerence 2 as expressed

as

H(t) = F(O)xIN,(—1)' A; sin(2IIf; t)

4.1)
Where,4: 's are unknown coefficients to be determined, Fqtaipositive envelope
function to the real earthquake(e.g. typical enpeldunctions such as the boxcar,
trapezoidal and exponential, as shown in Fig. 4lbve can be used), N=total number
of frequencies required to cover the entire fregyernge, (f;) frequency in cycles
per second. ThA;'s are assumed to vary linearly in magnitude betwWesquencies at

which the desired response spectrum is given.

1. Determination of unknown coefficients A’s )
The procedure to determine the unknown coefficignh equation (4. 1) is described

in the following steps.

a) From the given floor spectra, initially assume
AYi(f) = CBSa(f) (4.2)

Where A'; (f;) coefficient at frequencfy, C=constant between 1 to 2 (choosel.5),
f=damping ratio (should be greater than ze$pJf;) = required or target response
spectrum value at frequentyv = iteration number.

Note that constant C which determines the initiadtarting time-history can be safely
chosen to have any value from 4.1 to 4..2. Thel fin@e history generated are not
significantly affected if C chosen from this randdowever, the total number of
iterations required for convergence may vary shighf value of C =1.5 appears to be

an optimum value.
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b) With the envelope function F(t) and tdg” known, the acceleration time-history

in the iteration can be obtained as
HY(t) = F()x YL, (—=1)! A" sin(2mf; t) (4.3)

c) The response spectra @) at any frequencyf; are then calculated using the

following equation of motion of a single degredreiedom system:

d? (x+xg)
dt?

+ ZBwi% +wi’x =0 4. 4)
Where, x= ground displacement, x = relative displacement; frequency (rad/Sec)
=2n fi

d?(xg) _
dtZg =H@O 5

d) The coefficient A(f;) for the (v+1¥' iteration are obtained as

AT E® = (22) a0 6) (4.6)
Where,

S, (fi)) = Target response acceleration at frequency

S (fi) = Calculated response acceleration at frequéncy

&= a relaxation parameter the controls the speedmfergence.

The program assume the valuetaio be equal to 1.15 and in all cases the program

give excellence convergent results in only 8 tterss.

. . . Sa(fi) . .
e) The iterative process is sopped when the Eég'f(% is close to unity at all

clj
frequencies or the maximum number of iterationsvedid is reached. Otherwise

steps (b) to (c) repeated.
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2. Determination of sine terms (N)

In reference 3, the minimum number of sine term} l§Btween starts and end

frequencies/t and™) was selected using the following equation:

N = log, (fz/fl)/loge(l +.02B) 4.7)

This selection was such that the half power paftsdjacent frequencies overlap.
For the majority of the problem, this selection noet is adequate. However, it is
felt that equation (4.7) could be modified slighttythe give more sine terms for
damping values higher than 1%. The modified eqnafb8) to be used in this

research

N = Blog, <f2/f1>/loge(1 +.02B) 4.8)

3. Correction for the ground acceleration time histories(baseme Correction):
The Time — History generated at each iterationlmamodified to have zero final
ground velocity and displacement (at time =y adding a correction term

(At+Bt?) to the ground acceleration as follows:

Xg = H(®) = F(t) X[L,(—1)'A; sin 2mfit + At + Bt? (4.9)

H(t) = H,(t) + At + Bt?

. 2 3

Xy = fOtHl(t)dt+A7t+BTt (4. 10)
. 3

Xg = [Xgdt= fOthtHl(t)dtdt+ATt+Bl—f (4. 11)

The constant A and B are evaluated by applyingpthendary conditions such that the

final ground velocity and displacement are zero.

Let X,(t=t;)= X, (t=1¢,) =0
C, = [["H,(®dt C; = [ [ Hy(Ddtdt
The boundary conditions reduce equation (4. 10)(dnd1) to

At;%2  Bt,3 At Bty 4
2 3 1

6 12

_CZ
Solving for constant A and B, we get
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6 12
A= ! (Cit; — 4C,); B = o (3C, — 4C,ty)

Therefore correct ground acceleration can be obtbby substituting the values of
constants A and B in Equation (4.9)

It must be noted that when these end boundary ttondiare applied in ever iteration
the do not exactly enforce the final ground velpeihd displacement zero in the next
iteration. The artificial time —history of last itgion give small value of end velocity
and displacement. Sometimes it is very essentiahtorce the boundary condition on

the end displacement.

4.3Duration and Envelope function

Duration of earthquake is function of magnitude apicentral distance, thus each
earthquake has separate duration. A probabilisgectsum consists of many
earthquakes. Even within duration span acceleratioplitudes are not uniform. Thus
total duration () is divided into three parts as shown in Fig. Kh.2he past up to g
acceleration will be ascending, betweentd Tc, it is much effective and aftercTit
starts descendinggTand T are calculated using equations following Osaki4l88d
Tp is calculated following Kemption and Stewart 2006is significant duration

which is defined as time interval across which 9%86 of total energy is dissipated.
Tg = [0.12 — 0.04(M — 7)|Tp (4.12)
Tc = [0.05 — 0.04(M — 7)]Tp (4.13)

exp (b1+by(M-6))
( 101.5M+16.05 )

9% 108 + cr + ¢4 (4.14)

InTp = In
Where, b, by, ¢, ¢; are coefficients equal to 2.79, 0.82, 1.91, Oddpectively is

shear wave velocity equal to 3.2 Km/sec. s istgpié and equal to 1 for soil, and zero
for rock, M is magnitude of earthquake and r iscepiral distance. Now envelop

function F(t) is calculated using equations (4.15%3.

0<t< Ty F(H) = (i)2 (4.15)
Tg<t<TeFE) =1 (4.16)
0<t<TgF() = exp (TIL‘_O;C (t-To)) 13)
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In order to find out appropriate duration, sepasgmificant durations for all sources
using equations 4.12-4.14 were calculated, theaimldurations are multiplied by
corresponding cells weight and obtained durations found summing up all

durations. Then weighted average duration are ptedén Table 4.1

The Duration of strong ground motion increases witicreasing earthquake
magnitude. However, the manner in which strong omotduration varies with

distance depends on how it is defined. Durationeafthquake represented by
Hisada's Equation is

T = 1031M-0774 (4.18)
Where, M= Magnitude, T: Duration (sec)

Envelope Curve:

Initial: 10% of total T

Main: 40% of total T

Decreases: 50% of total T

4.4 Method based on interpolation of excitation

A highly efficient numerical procedure can be depeld for linear systems by
interpolating the excitation over each time intéaad developing the exact solution.
If the time intervals are short, linear interpadatiis satisfactory. Over the time

intervat; <t < t;,4, the excitation function is given by
Api
p(¥) =pi+3 T (4.19)
Where,

Ap; = piy1 — DPi (4.20)

and the time variablevaries from 0 ta\t;. For algebraic simplicity, we first consider
systems without damping; later, the procedure bellextended to include damping.

The equation to be solved is
mﬁ+ku:pi+%r 2
The response(t) over the time intervad < t < At; is the sum of three parts: (1)
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free vibration due to initial displacemapand velocity ; at T = 0, (2) response to
step force pwith zero initial conditions, and (3) responseadmp force<Api/At,>r
L

with zero initial conditions.

0 _ T sin wpT
u(t) = ujcos w,T + sm w,T+ 2 (1 COS W, T) + 2B (Ati T ) (4.22)
and
il A _1_(q 4.23
o, = Ui sin w,T + cos W, T+ —sm W, T+ _Tti( — COS W, T) (4.23)

Evaluating these equationstat At; gives the displacement.yand velocityu,, ; at

time i+1;
Pi Apl 1
Uj;1 = Uj COS Wy Aty + 51n W, Aty + = [1 — cos(wp At))] +— — [w, At —
sin(w, At;)] (4.24)
% = —uy; sin w,, At; + —cos Wy, At; + —sm(mn Aty) +— Ap‘ = 1At_ [1 — cos(wy At;)]

(4.25)
These equations can be rewritten after substitd&img(4.20) as recurrence formulas;
Uj+1 = Au; + BU; + Cp; + Dpiyq (4.26)
U4, = A'u; + B'0; + C'p; + D'pjyq (4.27)

Repeating the derivation above for under criticalmped systems (i.6<1) shows
that equations (4.26-4.27) also apply to dampetesys with the expression for the
coefficients A, B.......... D’ presented in Table 4.2 heloThey depend on system

parameters,,, k and { and on the time intervat = At;.

Since the recurrence formulas are derived from tegatution of the equation of
motion, the only restriction on the size of thedistepAt is that it permits a close
approximation to the excitation function and thatprovides response results at
closely spaced time intervals so that the respqusaks are not missed. This
numerical procedure is especially useful when tketation is defined at closely

spaced time intervals- as for earthquake grouncelation so that the linear
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interpolation is essentially perfect. If the tim@aseAt is constant, the coefficients A,

B.oooo.. D’ need to be computed only once.

The exact solution of the equation of motion reggim this numerical procedure is
feasible only for linear systems. It is convenigrdeveloped for SDF systems, as
shown above, but would be impractical for MDF sgsteunless their response is

obtained as superposition of modal responses.

4.5 Newmark’'s Method
In 1959, N.M. Newmark developed a family of timeggting methods based on the
following equations

Uiy = O + [(1 = )AL + (YAD (4.28)

Uip1 = u; + (A0 + [(5 = B)(AD2]H; + [BAY)? ]t (4.29)

The parameter§ and y define the variation of acceleration over timepstnd
determine the stability and accuracy charactesisticthe method. Typical selection

for y is % andé— <p Si is satisfactory from all points of view, includirthat of
accuracy.

Summarizes the time-stepping solution using Newisarkethod as it might be
implemented on the computer is presented in TaBBle 4

4.6 Theoretical Back Ground of SeismoSignal software

SeismoSignal constitutes an easy and efficient taprocess strong-motion data,
featuring a user-friendly visual interface and tagability of deriving a number of
strong-motion parameters often required by engirseesmologists and earthquake

engineers, such as

+ Fourier and Power spectra

% Elastic response spectra and pseudo spectra

)

®
%

Over damped and constant-ductility inelastic respaspectra

R/
0.0

Arias (la) and characteristic (Ic) intensities
Cumulative absolute velocity (CAV) and specific mgyedensity (SED)

Root-mean-square (RMS) of acceleration, velocity displacement

. .
% %

®.
%

Sustained maximum acceleration (SMA) and velo&iyY)

®
%

Effective design acceleration (EDA)

R/
0.0

Acceleration (ASI) and velocity (VSI) spectrum insity
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+ Predominant (Tp) and mean (Tm) periods

+ Husid and energy flux plots

« Bracketed, uniform, significant and effective dioas
The program is able to read accelerograms defimédth single- and multiple-values
per line formats (the two most popular formats usgdtrong-motion databases),
which may then be filtered and baseline-corredBadynomials of up to the 3rd order
may be employed for the latter, whilst three défardigital filter types are available,
all of which capable of carrying out high pass, jpass, band pass and band stop
filtering.
Finally, and due to its full integration with theidows environment, SeismoSignal
allows for numerical and graphical results to bpied to any Windows application
(e.g. MS Excel, MS Word, etc.), noting that therels¢eristics plots can be fully

customised from within the program itself.

4.7 Numerical Study

In reference with the hazard curve and responsetrsipe obtained in chapter 3,
seismic input parameters, especially artificial gim history is simulated. After
determination of Single envelope function of Spalct#cceleration, duration and
envelope function is determined using equation24d 4.19). Acceleration time
history is generated using equation (4.1 to 4.Efjuation 4.4 represents the motion
of single degree of freedom system, which is solwedising Method Based on Point
of Interpolation of Excitation. Design earthquakase simulated for calculated
duration presented in Table 4.1. On the basis @valdescription a program is
developed in Visual Fortran, which generates Tinigtdflies from given response
spectrum. The generated time histories for bed amxksurface cases are presented in

Fig.4.3 and Fig.4.4 respectively.
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4.8 Result and Discussion

Target Spectrum as shown in Fig.4.5 is used for loe##. The frequencies range
considered is between .333 Hz to 50 Hz. The eneetypve is as shown in Fig.4.2.
The 18.5,30 and 45 sec time-histories of the fitedation is shown in Fig. 4.3.
Excellent convergence is achieved within twentyaitens, by considering 264
frequencies using equation (4.8).The calculateghaiese spectrum envelopes the
target spectrum closely at any frequency betwe88 Bz to 50Hz. This spectrum
closely matches the target spectrum as shown id BigFrom Fig.4.3, The maximum
acceleration for 18.5 sec duration is 0.169 at #htesec and maximum acceleration

for 30 sec duration is at time 9.84 sec.

Target Spectrum as shown in Fig.4.6 is used fofaSer The frequencies range
considered is between .25Hz to 50 Hz. The envetopee is as shown in Fig.4.2. The
20, 30 and 45 sec time-histories of the final tierais shown in Fig. 4.4. Excellent
convergence is achieved within twenty iterationg, donsidering 278 frequencies
using equation (4.8).The calculated response spacgnvelopes the target spectrum
closely at any frequency between .25 Hz to 50Hzs Spectrum closely matches the
target spectrum as shown in Fig.4.6. From Fig. fi® maximum acceleration for 20
sec duration is 0.285 at time 2.94 sec and maximeneleration for 30 sec duration is

at time 9.88 sec.

The generated time- history for 18 sec as showfign4.3 used in SeismoSignal and
generated Spectrum (by SeismoSignal) is comparb thieé generated SA by a

program developed in this research work is vergalyp matches each other as shown
in Fig.4.7.
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Table 4.1 Weightage average duration for Center of KathmandCity.

Description Durations
TD B TC
For Rock 18.50 2.25 9.25
For Soill 20.00 2.50 10.00

Table 4.2 COEFFICENT IN RECURRENCE FORMULAS ({<1)

A= e‘f“’n‘”< sin wp, At + cos wp At>

¢
Ji-¢

1
B = e=S@n4t (— sin wp At)
Wp

1( 2¢ 1—2¢2 { 2¢
C=— + e~S@wndt - i At—(1+ ) At
K{wn At ¢ [( wp At 1— 72 St @p w, At €05 @p

1 2¢ 202 -1 2¢
D=—{1- —(wn At ' At—( ) At
K{ w, At te K wp At >Sm ®p w, At €0S @p

A= —e‘f“’n“t< sin wp At)
JI-2
B’ = e~ Swnat iCosa) At — ¢ sin wp At
wp 0 J1-¢z
1(1 ® 7 1
C'=—]—+4 e Sondt - i At + — At
Flar e [(m At¢1_—;z)s‘““’“ s i
D'=L 1 — e Swnat ¢ sin wy, At + cos wp At
KAt 1-¢2 b b
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Table 4.3 NEWMARK’'S METHOD: LINEAR SYSTEMS

Special Cases

(1) Average acceleration methéqzl = %,B = %)

(2) Linear acceleration methc(dl = %,B = l)

1. Initial Calculations

. _ Cug- ku
1.1ii, = Po_ Cllo— XUo

m

1.2 SelectAt.

R —k4 Y L
13K =k + gt oo

m

1.4a=im+lc;andb =im+At(l— l)c.
2B

At B 2

2. Calculation for each time step, i

ZlAf)l = Apl + al:li+ bul

2.2Ay; = 2R

W‘)l'-c.;)

2380 =LA — 2, +At(1—2y—6)iji
1

. 1 .
2.4Aui =B(A—t)2Aui —BTtui

L
2 !

2.5ui+1 = Uj + Aui,l:li+1 = U + Aui
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level.
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Fig. 4.5 Spectral Acceleration for Center of Kathmanduwat bed rock level.
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Fig. 4.6 Spectral Acceleration for Center of Kathmandwat Surface level.
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Fig. 4.7 Comparison of Spectral Acceleration using SeismoSigr@abftware and
developed Program.
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Appendix 4A: (Program Coding)

C *THIS IS PROGRAM TO GENERATE TIME HISTORY FROM IBEN RESPONSE
SPECTRAR*kkkkx kKRR Rk
C *DEVELOPED BY ER. SHAILENDRA KUMAR SAH, UDER THESUPERVISION OF
PROF. DR. P.N. MASKEY**** kK kb
DIMENSION FR(5000),VMAX(5000),V(5000,150), FF(5000§5000)
DIMENSION A(5000,150),W(5000,150),WD(5000,150), E¢BOL50)
DIMENSION F(5000,150),G(5000,150),AA(5000,150),B(®,150)
DIMENSION Q(5000,150),QQ(5000,150),C(5000,150) (5, 150)
DIMENSION RR(5000,150),D(5000,150),AAA(5000, 150865000,150)
DIMENSION CC(5000,150),DD(5000,150),UD(5000, 150§(5000,150)
DIMENSION UA(5000,150),SC(5000,150),SA(5000,156%3000)
DIMENSION S(5000,150),H(5000,150),HH(1500), UAA(SD050)
DIMENSION HHH (5000), HHHH (5000), HHC1 (500150), HHC2 (5000, 150)
REAL TI, TD, TB, TC
C *DESCRIPTION OF SYMBO Listiinsstoiinsiokink KRR IRl
C N=NUMBER OF DATA FOR TARGET SPECTRAL ORDINATE
C TD=TI "TOTAL DURATION OF EARTH QUAKE"
C TB=IN THE FIRST PART UP TO TB ACCELERATION WILL B ASSENDING
C TC=IT IS MUCH EFFECTIVE
C Z=ZIE
C *READ INPUT DATA i.e. PERIOD & TARGET SPECTRAL SCELEARATION*#*krx
WRITE (**)ENTER THE NO OF DATA TO BE READ, ZIE AD TIME PERIOD'
READ (* N, Z, Tl
OPEN (1, FILE='SEISM.TXT', STATUS='OLD")
DO 100 I=1, N
100  READ (1,% TF(I), SA (I, 1)
NN=TI/.01
PI1=3.1415927
TD=TI
TB=TD*.10
TC=TD*.50
C **GENERATION OF ENVELOPE FUNCTION stttk kbiiokiktiioktioik
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1500
888

223

123

423

300

200

1100

X=1
DO 1500 KC=1, N

A (KC, X) =1.5*Z*SA (KC, 1)

22777=0

DO 200 J=1, NN

T (J) = (3-1)*TI/(NN-1)

IF (T (J).LE.TB) GO TO 123

IF (T (J).LE.TC) GO TO 223

FF (J) =EXP (-2.3025*(T (J)-TC)/ (TD-TC))
GO TO 423

FF (J) =1.0

GO TO 423

FF (J) = (T (J)/TB) **2

wirirck GENERATION OF ACCELERATION *ikssci kKRR
HH (J) =0

DO 300 K=1, N

FR (K) =1.0/TF (K)

HH (K) =HH (J)

HHH (K) =HHH (J)
HH(J)=(-1)*K*A(K,X)*SIN(2*PI*FR(K)*T(J))+HH(K)
HHH(J)=-(-1)*K*A(K,X)*(COS(2*PI*FR(K)*T(J))-1)/(2 *PI*FR(K))+
CHHH (K)

HHHH(J)=-(-1)*K*A(K,X)*(SIN(2*PI*FR(K)*T(J))/(2*P| *FR(K))-
CT (3))/ (2*PI*FR (K)) +HHHH (K)

CONTINUE

H (3, X) =FF (J)*HH (J)*9.81

HHC1 (J, X) =FF (J)*HHH (J)*9.81

HHC2 (J, X) =FF (J)*HHHH (J)*9.81

CONTINUE

*CORRECTION OF THE GROUND ACCELERATION TIME HISRY *#¥tirtir
CC1=HHC1 (NN, X)

CC2=HHC2 (NN, X)

AA1=6*(CC1*TI-4*CC2)/ (TI**3)

BB1=12*(3*CC2-CCL*TI)/ (TI**4)

DO 1100 1Z=1, NN

H(1Z,X)=(H(1Z,X)+AAL*T(12)+BB1*T(12)*T(12))

*CHEC FOR ITERATION *txssitcsiorssnssinccnss ieae e
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C

+1,X)

ITERATION=X
IF (ITERATION.EQ.20) GO TO 999

*DETERMINATION OF SPECTRAL ORDINATE FROM GENERAED
ACCELERATION TIME HISTORY *kkitiirtiiitiokiik kb
**USING METHOD BASED ON INTERPOLATION OF EXCITATDN***tccctiirs
DO 400 L=1, N

W (L, X) =2*PI*FR (L)

WD (L, X) =W (L, X)*SQRT (1-2*2)

DT=TI/NN

E (L, X) =EXP (-Z*W (L, X)*DT)

S (L, X) =SIN (WD (L, X)*DT)

F (L, X) =COS (WD (L, X)*DT)

G (L, X) =Z/SQRT (1-2*2)

AA(LX)=E(L,X)*(G(L,X)*S(L,X)+F(L,X))

B (L, X) =E (L, X)*(L/WD (L, X)*S (L,X))
C(L,X)=1/(W(L,X)*W(L,X))*(2*Z/(W(L,X)*DT)+E(L,X)*(( (1-2*Z*Z)/(WD(L,X)*DT)-
G (L X))*S(L,X)-(1+2*Z/(W(L,X)*DT))*F(L,X)))
D(L,X)=1/(W(L, X)*W(L, X))*(1-2*Z/(W(L X)*DT)+E(L,X)* (( 2*Z*Z-1)/
(WD(L,X)*DT)*S(L,X)+2*Z/(W(L,X)*DT)*F(L,X)))
AAA(L,X)=-E(L,X)*(W(L,X)/SQRT(1-Z*Z)*S(L,X))
BB(L,X)=E(L,X)*(F(L,X)-G(L,X)*S(L,X))
CC(L,X)=L/(W(L,X)*W/(L,X))*(-1/DT+E(L,X)*((W(L,X)/SQ RT(1-Z*2)
+G(L,X)/DT)*S(L,X)+1/DT*F(L,X)))
DD(L,X)=1/(W(L,X)*W(L,X)*DT)*(1-E(L,X)*(G(L,X)*S(L ,X)+F(L,X)))

UD (1, X) =0.0

UV (1, X) =0.0

UA (1, X) =0.0

UDMAX=0.0

UVMAX=0.0

UAMAX=0.0

s sDETERMINATION OF MAXIMUM DISPLA  CEMEN Ttk

NN1=NN-1

DO 500 M=1, NN1

UD(M+1,X)=AA(L, X)*UD(M,X)+B(L,X)*UV(M,X)+C(L,X)*H( M, X)+D(L,X)*H(M+1,X)
UV(M+1,X)=AAA(L,X)*UD(M,X)+BB(L,X)*UV(M,X)+CC(L,X) *H(M,X)+DD(L,X)*H(M

UA(M+1,X)=-W(L,X)*W(L,X)*UD(M+1,X)-2*Z*W(L,X)*UV(M  +1,X)+H(M+1,X)
IF (ABS (UDMAX).LT.ABS (UD (M, X))) UDMAX=UD (M, X)
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500 CONTINUE

C *DETERMINATION OF MAXIMUM RESPONSE SA FOR EACH REQUENCY **#xxx
SC (L, X) = (W (L, X)*W (L, X))*ABS (UDMAX)/9.81
V (L, X) =ABS (SA (L, 1)/SC (L, X)-1)
400  CONTINUE
VMAX(X)=V(1,X)
DO 700 IV=2, N
IF (VMAX(X).LT.V (IV, X)) VMAX(X) =V (IV, X)
700  CONTINUE
IF (VMAX(X).LE..05) GO TO 999

X=X+1

DO 900 IY=1, N
900  A(IY,X)=(SA(IY,1)/SC(IY,X-1))**1.15*A(1Y,X-1)

GO TO 888
C **QUTPUT OF TARGET SPECTRAL ORDINATE & CALCULATED BECTRAL ORDINATE***
999 XXX=0

OPEN (2, FILE='SPECTRL.XLS', STATUS="NEW)
DO 1300 JC=1, N
WRITE(2,10)TF(JC),SC(JC,X-1),SA(JC,1)

10 FORMAT (3F10.3)

1300 CONTINUE

C *GENERATED ACCELERATION TIME HISTORY **kkiktiik skttt
OPEN (3, FILE='TIMEHISTORY.XLS', STATUS='NEW)
DO 1400 JT=1, NN
H (3T, X) =H (JT, X)/9.81
WRITE (3, 15) T (JT), H (JT, X)
15 FORMAT (2F10.3)
1400 CONTINUE
ENDFILE 3
ENDFILE 2
ENDFILE 1
STOP
END
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5. CONCLUSION AND RECOMMENDATIONS

5.1 General Conclusion

The probabilistic seismic hazard analysis is cdroat for the Center of Kathmandu
region which is surrounded by 10-active faultsisltassumed that the probabilistic
distribution in time is poison’s distribution, amdthin the source zone, epicenters are
uniformly spatially distributed. Various attenuati@mws are studied out of which one
attenuation law given by Young’s et al (1997) todomsidered to obtain the Hazard
curves at the site. Time history at the bed rockenter of Kathmandu city is obtain
by developing a program in Visual Fortran usingehhique given by M.R. Khan.
The program developed to be used to generate tiisteryr of site from given
response spectrum.

5.2 Major Conclusion
From the results of the study, the following majonclusions are drawn:

1) The seismic hazard curve at the bedrock and fedé @ibtained by using
attenuation law given by young’s et al (1997). T@A values having
10% probability of exceedence obtained is .32¢gbfmt rock and .399g for
free field.

2) The study shows that the contribution of Sourceas&sinda (MCT-3.3)
in Seismic Hazard Analysis is larger in comparettter sources and it is
considered to be the vulnerable source for KathmaZity.

3) Spectral Acceleration correspond to the differenticsural time period
are obtain for bed rock as well as free field.

4) Single envelope of Spectral Acceleration for botid bock and free field
are determined separately. Peak of SA in case dfrbek is .42g at
period .2 sec and Peak of SA in case of free f®ld0g at period .2 sec.

5) The program developed in Visual Fortran gives thedgresult within the
20 iterations.

6) The generated time-history used in SeismoSignalSpattrum generated
(by SeismoSignal) is compare with the program dged in this
research work is very closely matches each other.

7) The purposed method described in this thesis wonkerges rapidly and
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very closely to the target spectra and generated tistories rich in all
frequencies.
5.3 Recommendations
Here recommendation is made for the recently d@esld®rogram to be used for the
generation of Ground motion parameter for Nepabrefpr engineering purpose.
The study may be extended by considering variouslitons and parameters. It is

recommended that the research in the followingsabesfurther

= Simulation of Time history considering soil ampidtion effect on the surface
of site.

= Seismic Microzonation of Kathmandu region

= Reliability Analysis of structures in Kathmandu Reg

= Simulation of Time history considering Differentpy Envelope to be

considered.
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APPENDIX A
ATTENUATION RELATIONSHIPS FOR SUBDUCTION EARTHQUAKE S
The attenuation relationships derived by Young®le(1997) is summarized in this
Appendix.
The following attenuation relationship was deril®dYoungs et al (1997):
Attenuation Relationships for Horizontal Responspec®al Acceleration (5%
Damping) for Subduction Earthquakes.

For Rock.
In(PGA)= .2418+1.414M-C,+C,(10-M)’+C;In(r,,,+1.7818¢55™)+.00607H
Standard Deviation= C4 + CsM
The values of the coefficient;C.....Cs are listed in Table A-1
Table A-1 Coefficients of Attenuation Equasdderived by Young et al (1997

Pes“gg - c1 Cc2 c3 c4 c5
PGA 0.000 | 00000 | -2.552 1.45 20.10
0.075 1.275 0.0000 |  -2.707 1.45 20.10
0.100 1188 | -00011|  -2.655 1.45 20.10
0.200 0722 | -0.0027| -2.528 1.45 20.10
0.300 0246 | -0.0036| -2.454 1.45 20.10
0.400 0115 | -00043|  -2.401 1.45 20.10
0.500 0400 | -00048|  -2.360 1.45 20.10
0.750 1149 | 00057  -2.286 1.45 20.10
1.000 1736 | -0.0064] 2234 1.45 20.10
1.500 2634 | -00073|  -2.160 1.50 20.10
2.000 3328 | -00080|  -2.107 1.55 20.10
3.000 4511 | -00089|  -2.033 1.65 20.10
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For Soil
In(PGA)= -.6687+1.438M-C;+C(10-M)’+C;3In(ry,,+1.097¢-""M)+.00648H
Standard Deviation= C4 + CsM

The values of the coefficient;C.....Cs are listed in Table A-2

Table A-2 Coefficients of Attenuation Eqoat Derived by Young et al (1997

Pes”gf - c1 c2 c3 ca c5
PGA 0.000 0.0000 |  -2.329 1.45 20.10
0.075 2400 | -0.0019| -2.697 1.45 20.10
0.100 2516 | -0.0019|  -2.697 1.45 20.10
0.200 1549 | -0.0019|  -2.464 1.45 20.10
0.300 0.793 | -0.0020| -2.327 1.45 20.10
0.400 0.144 | -0.0020]  -2.230 1.45 20.10
0.500 0438 | -0.0035|  -2.140 1.45 20.10
0.750 1704 | -0.0048]  -1.952 1.45 20.10
1.000 2870 | -0.0066]  -1.785 1.45 20.10
1.500 5101 | -00114|  -1.470 1.50 20.10
2.000 6433 | -0.0164|  -1.290 1.55 20.10
3.000 6672 | -0.0221|  -1.347 1.65 20.10
4.000 7618 | -00235| -1.272 1.65 20.10

ryp = Closest distance to rupture (Km)

M = moment magnitude
H = depth (Km)

Standard Deviation for magnitudes greater than &t&gqual to the value for M8
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Appendix: B-1

Response Spectral Acceleration (5% damping) for Rock

0.010 0.198
0.075 0.344
0.100 0.390
0.200 0.423
0.300 0.362
0.400 0.317
0.500 0.285
0.750 0.185
1.000 0.129
1.500 0.072
2.000 0.045
3.000 0.019

Response Spectral Acceleration (5% damping) for Soil

0.010 0.293
0.075 0.560
0.100 0.629
0.200 0.702
0.300 0.619
0.400 0.506
0.500 0.412
0.750 0.267
1.000 0.172
1.500 0.070
2.000 0.037
3.000 0.019
4.000 0.010
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