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ABSTRACT

This work focuses on the study of the foundation characteristics by geotechnical and
geophysical investigations with PGA estimation of the Kathmandu Fun Park Project (KFPP)
located in Thankot area, Kathmandu.

To obtain information on subsurface materialpe#y distribution and soil thicknesseismic
refraction survey was conducted using a 24 channel seismograph system by Oyo. Other soll
properties were studied by-gitu Direct Cone Penetration Test (DCRIRd laboratory test of
samples. The problem of ground shaking in the case of large earthquake near the Kathmandu
valley is assessed in terms of synthetic peak ground acceleration (PGA) due to the lack of
observed data. The present study provides toolsdtimating geotechnical parameters from
seismic wave velocity in the area where soil test are difficult to conduct. Fewer amounts of
observed data and unavailability of instruments for undisturbed sampling have somehow
affected this research work. Manymtking of travel time data from waveforms has affected

the subsequent processing and interpretation of seismic refraction data.

The study area comprises of colluvium deposits, mainly washout with high clay content. The
high moisture content, low unconéid compressive strength and low bearing capacity of the
soil are noteworthy. A modeled equation relating th@aRe velocity and porosity for the
Lesser Himalayan colluvium soil has been established together with the material velocity.
Similarly, the PGA dtribution due to 1934 Taplejung, 1988 Udayapur and other two
hypothetical earthquakes shows the PGA may exceed 150 gal for earthquakes greater than
magnitude 8. However, the result shows the PGA hardly reach 15 gal for small but strong
earthquakes. Moreer, the geotechnical parameters, specially moisture content, unconfined
compressive strength, friction angle and porosity, show reasonably good correlation with
seismic Pwave velocity. The single field measurement (i.e. seismicat®e velocity) can

servethe best for estimating other geotechnical parameters.

Keywords: gismc refraction, PGA, DCPT atluvium, Fun-park,Chandragiri, Thankot.
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CHAPTER |
INTRODUCTION AND OBJECTIVES
1.1 Background

The country of Nepal occupies 800 km long segment of central Himalaya which is
tectonically active consisting of fragile geology. However, the small as well as large
entrepreneurs from Nepal are being interested in founding high rise buildings, furcpat&s,

cars and other civil structures targeting the highly dense settlement, i.e., Kathmandu valley.
The Kathmandu Fun Park Project is one of such ambitious project with many components of
civil structures.The purpose of the project is to promote the-tecwism activities in the area
focusing to both domestic and foreign tourist thereby contributing to both local and national
economy.For the sustainability of such civil engineering projects proper design should be
recommended addressing the natural hdseasuch as earthquake and landslides, which
frequently hit Nepal and are one of the major development obstacles. For this, proper
geotechnical investigation of foundation and quantification of risk in the area are the most
challenging issues. Therefore,ishwork intends to contribute towards the geotechnical
investigations, seismic refraction survey for the velocity distribution in the subsurface and

peak ground acceleration analysis of the Kathmandu Fun Park Project.

However, Kathmandu valley is said te bt very high seismic risk, there is no proper measure

in terms of ground shaking, liquefaction etc. in the case of a large earthquake near the valley.
In this study the problem of ground shaking in terms of peak ground acceleration map in the
project aea by the most inevitable earthquake are studied. Estirsatfasoil thickness are

other major issueof this study. These problems are resolved by geophysical investigation,
particularly seismic refraction survey in the study area. Furthermore, soerpespserve

basis for foundation design hence, their characteristics are studied in detail.

This research work aims to recommend the proper measure for the sustainability of large
projects addressing the high seismic risk in the perspective of the Nepalbla. This thesis
could be the best example for estimating geotechnical parameters from seismic velocity

measurements in the area where other test are difficult to conduct. Similarly, peak ground



acceleration analysis could serve as an ideal examplehvehin be followed in geotechnical

& geophysical investigations and seismic hazard analysis of large projects.
1.2 Location

The Kathmandu Fun Park ProjeFPP)is situated at the northern slope of Chandragiri Hills

in the westerrpart of capital city Kethmandu (Fig 1.1) between Easting 619000 &#2D500

and Northing 3064000 and 3061000 (Fig. 1KRFPP isaimed to develop &n parkand
resorts in the eastern part of Bhaleshwor Tengplé about 2.5 km longable car linking
Chunikhel (Ward No. 1) at théottom station to Bhaleshwdremple (Ward No. 9) at the
topstation of the ThankoVillage Development Committee, KathmandBeologically, the

study area lies in the Phulchoki Group of the Kathmandu @Goo(®tocklin and Bhattarai,
1977). The main landforms observed in the project area are fan deposits and washout
colluvium deposits. Rock outcrops in the study area are very few and mostly covered by the
colluvium soil. The geological study is carried out to assesg#utechnical andegpphysical
parameters, and peak ground acceleration estimediquired for the projecfo investigate
geotechnical parameters for different towers altogether seven pits wea tthegbase station

and along the cable car alignment and their locationshenwn in Fig. 1.2.

1.3Topography

The study area is dissected by a few numbers of streams and gullies. The relief varies along
the cable car alignment from base station to top station. For example, along the cable car
alignment northern part (downhill) ¢iie pit no. 6 is steep colluvium slope but the uphill side

is relatively flat, the downhill side and uphill side of the pit no. 4 is also steep colluvium slope,
and so on. The top and bottom stations are relatively flat compared to the cable car alignment
Although the slope is covered by colluvium, the relief is still controlled by the subsurface

lithology and structures.
1.4 Objectives

The general objective of present stuslyo carry ouigeotechnicabind geophysicadtudies of

the project specially the foundation characteristics of tower locations of cable car ropeway.



Out of 12 tower locationg, locations were selected for the detailed geotechnical investigation

in this study. The specific objectives of the study. ar

To obtain information on the geology of the study area.

To obtain foundation characteristics for the selected tower locations.

To explore suisurface geology using seismic refraction survey along the major
engineering structures

To correlate various geotechnical parameters with seismic wave velocity.

To estimate peak ground acceleration (PGA) during major earthquakes in the

Himalaya and prepare PGA map.
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Fig. 1.1: Location map of the study area.
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1.5 Limitations of the study

The seismic measurements were carried out using seismograph McSEIS 170f. Although the
in-built function of the machine was capable of giving digital data, we could only print out the
hard copies of data due t o ma cdlyitalpedessingdoef ect .
the data and subsequent interpretation specially in terms Seismic Refraction Tomography
(SRT). Similarly, the interpretation of seismic data by travel dilis¢éance curve method is

also affected by manual picking of data from hardies of waveforms. Moreover, manual

picking of data was time consuming.

Seismic signals were generated using the sledge hammer of 10kg weight. For the use of
explosives one should follow the hectic process imposed by the government which was time
consuming and expensive. Signals generations by hammer were not always reliable in terms

of resolution and signal to noise ratio which was the serious limitation of the study.

Dynamic Cone Penetration (DCP) was used igitn test. The use of Standard Penetratio
Test (SPT) would be more reliable but the unavailability of instrument, specially at Central
Department of Geology, during the field work program posed problems to the research work.
Using DCP has high variability of data in case of large, well gradedutar materials.
Although, fewer materials with a maximum aggregate size of larger than 2 inches were

encountered in this study, the use of DCP in such case has always been questionable.

Though the study area is located near the Kathmandu valley, ¢hepsitific accessibility
problem like the unavailability of foot trails along cable car alignment or to a specific tower

was one problem that had limited thesitu test to some extent.

The field work was carried in June and July which is monsoon periddepal and monsoon

had affected the moisture content in every test procedures.

Peak ground acceleration (PGA) calculation was synthetic, instead of real. Hence, absence of

real data for any earthquake is still to be tested.



CHAPTER I
LITERATURE REVIEW
2.1 Regional Geology

Himalaya is an active orogenic system created by contireotginental collision. It is
created by collision between northward moving Indian Plate and the Eurassian Plate. The
present day continuation of the orogeny in the &laya belt is evident by the occurrence of
intense seismic activities in the Himalaya and continued northward movement of the Indian
Plate at a rate of about 5 cm per year (Seeber and Armbruster, 1981; Jakson and Bilham,
1994; Pandey et al., 1995). Thisds to the large crustal shortening. Most of the convergence

is accommodated within Himalaya by movement on various thrusts and folds (Upreti, 1999).

Tectonemorphologically, the whole Himalaya can be divided into different longitudinal units,
each havingunique stratigraphic and evolutionary characters (Gansser, 1964). Moving
towards north from south these units are the Terai;FBmalaya (Siwalik), Lower or Lesser
Himalaya, Higher Himalaya and the Tethys Himalaya (Fig. 2.1). The Terai zone, which is the
southernmost tectonic unit of the Himalaya, is covered by alluvium deposit of Pleistocene to
recent age. Its northern margin is the Himalayan Frontal Thrust (HFT) which separates it from
the SubHimalayan zone. The mollassic deposits of the Siwalik orldiuimlaya zone is of
middle Miocene to early Pleistocene age and it is separated by Main Boundary Thrust (MBT)
from Lesser or Lower Himalaya in the north. Me&diments of the Lesser or Lower
Himalaya extends up to Main Central Thrust (MCT) in the ndrtte geology of the Lesser
Himalaya is complicated due to intense folding and thrusting and is largely unfossiliferous.
The entire Lesser Himalaya consists of allochthonous and autochthonous settings with various
nappes, klippes and tectonic windows. Theghér Himalayan Crystalline rocks of
Precambrian age overlie the Lesser Himalaya along the MCT. The South Tibetan Detachment
System (STDS) separates the medium to high grade metamorphic Higher Himalayan rocks
from the overlying lowgrade sedimentary rocks the Tethys Himalaya. Except Cambrian,

all systems of Paleozoic and Mesozoic Erathems have been well established by fossil contents
(Sah, 1999) in the Tethys Himalaya zone.
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Jnawali, 1991

2.2 Geologyof the Study Area

Geology has always been an important part for any studies related to geotechnical,
geophysical and peak ground acceleration analydspite long research history of the
Himalayan Geologyto date a few geological investigations have been carried out related to
the bedrock geology of the Kathmandu Valley. The main literature on the geology of the
Kathmandu Valley is attributeto Stocklin and Bhattarai (19Y, based on their study of aerial
photography. According to them the study area lies on the northern flank of the Mahabharat

Synclinorium with rocks of the Phulchauki Group dipping south.

Similarly, Acharya and Dhital (2006) studied the geology and structure of Raniban
Champadevi area, Kamandu Valley and their detailed geological study is confined to the
lower four formations of the Phulchauki Group, namely Tistung Formation, Sopyang

Formation, Chandragiri Limestone and Chitlang Formation. Based on Acharya and Dhital

7



(2006), the study am consist rocks of Sopyang Formation, Chandragiri Limestone and
Chitlang Formation. The Sopyang Formation consists of intercalation of grey merasandstone,
grey-green calcareous phyllite, and dolomite (Fig. 2.2). The Sopyang Formation is 200m thick
and theage is Cambrian. The rocks of the Chandragiri Limestone are mainly grey limestone
with grey-green slate partings and interbeds (Fig. 2.2). The age belongs to Ordovician and the
thickness is 2000m. Similarly, the Chitlang Formation is composed of intexthepidygreen

slate and white quartzite in the lower part and argillaceous limestone in the upper part (Fig.
2.2). The thickness of this formation is 1000m and belongs to Silurian age.

On the other hand, Sakai et al. (2006) suggested that the Kathmandinkthe southern rim

is separated from the Mahabharat Range by the active Chandragiri thrust fault. They
suggested that simultaneous deposition of the fanglomerate in the northern slope of the
Mahabharat Range and boulder conglomerate in the Siwalikn Badicates that the both
frontal range of the Himalaya and irfpasinal high in the Siwalik belt started rapid uplift at
about 1 Ma (Fig. 2.3).

Stocklin and Bhattarai (197 and Acharya and Dhital (2006) in their work did not indicate the
Chandragirithrust. But, the presence of Chandragiri thrust fault has been described by Sakai
et al. (2006) in their work on soft sediments of Kathmandu valley. During this research work
no direct evidence of this thrust in the field was found because it has alvaaysliffecult to

locate the fault in contact zone between basement rock and soft sediments. However, the
abrupt change in altitude and the extensive fan deposits in the southernmost rim of the
Kathmandu valley as compared to the northernmost rim wheresfarsiled by rivers are low,
suggests the presence of fault. Thus, the modified (after Acharya and Dhital, 2006) geological
map of the basement rock of the study area is shown in Fig. 2.4.
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2.3Geotechnical Studies

In-situ test and laboratory analysis of samples both were parts of the geotechnical studies in

this study. Literatures relevant to both analyses are listed and described briefly in the
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following sections. Detail methodologies adopted after reviewing sitetatures will be

discussed in chapter Il under methods and materials.
2.3.1Insitu Direct Cone Penetration Test

Standard test method for use of the Dynamic Cone Penetrometer, designation-3,6851
described by American Society of Testing and Mater(ASTM International) covers the
measurement of the penetration rate of the Dynamic Cone Penetrometer (DCP) through
undisturbed soil and/or compacted materials. The penetration rate may be relatsg¢uo in
strength such as an estimatedsitu Califania Bearing Ratio (CBR). The penetration per

blow is used to estimate-gitu CBR or strength using the appropriate correlation.

The ASTM D 695103 suggests the use of correlation equation recommended by the United
States Army Corps of Engineers. Classifion of soil prior to correlation is needed in this
equation, because there are different correlation equations for different soil types. For example
the correlation equation for low plastic clay with CBR less than 10 and high plastic clay are
different However, this paper also suggests that selection of the appropriate correlation is a
matter of professional judgment. Kleyn and Van (1983) after their extensive work in DCP
soundings proposed a correlation equation for shallow ground investigationtesaarch

work tempted to follow the correlation proposed by them. The CBR thus calculated was used
for the bearing capacity calculation suggested by PCA (1995). This relationship between
bearing capacity and CBR is also adopted by United States Army &fdgpgjineers.

2.3.2Laboratory Studies

Proper evaluation of the various soils is frequently required for its use as foundation material.
Some properties used in determination of soil classes can be determined selectively quite
quickly and easily and whichilvhave role in important aspect of engineering behavior of

soils such as strength. Following properties were tested in present studies and the

methodologies followed were adopted mainly from ASTM International.
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2.3.2.1Sieve and Hydrometer Analysis for SioClassification

This test was performed to classify the soils by determining the percentage of different grain
sizes contained within a soil sample. Arthur Casagrande developed a new engineering soil
classification system during World War Il. Since thé&nhas been updated and now is
standardized by ASTM International in its ASTM D248G as Unified Soil Classification

(USCS). Similarly, the standard test method for particle size analysis of soil has been
published in ASTM D 42:63. This test method cove the quantitative determination of the
distribution of particle sizes in soils. The distribution of particle sizes larger thanrii5 i s
determined by sieving, whil e the di stribut.
determined by a sedimentationopess, using a hydrometer to secure the necessary data
(ASTM D 422-63).

2.3.2.2Moisture Content

Moisture or water content of a soil has direct effect on its strength and stability. Standard test
method for laboratory determination of water (moisture) eanof soil is described in ASTM

D221698. In this method the loss of mass due to oven drying is considered to be water.
2.3.2.3 Atterberg Limits Test

Liquid and plastic limits together with shrinkage limit are often collectively known as
Atterberg limits. ASTM D4318.0 describes the standard methods for liquid limit, plastic
limit, and plasticity index of the soils. Wet preparation method was followekis research
work for the sample preparation.

2.3.2.4 Specific Gravity of Soils

The standard test method for specific gravity of soils is described by ASTM International in
its ASTM D85410. This test method covers the determination of the specifuitygiet soil

solids that pass the 4.75 mm (No. 4) sieve by means of a water pycnometer.
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2.3.2.5 Direct Shear Test

Standard direct shear test of soil samples has been described by ASTM-BB308@ test is
performed by deforming a specimen at a contdofirain rate on or near a single shear plane
determined by configuration of the apparatus. The shear strength parameters cohesion (c) and

Phi («) were determined by this test.
2.4 Seismic Refraction Survey

The equipment, field procedures, and interpretatnethods for the determination of the
depth, thickness and seismic velocity of subsurface soil and rock or engineered materials
using seismic refraction method has been described in ASTM B®F.7The seismic
refraction method is used to map geologicditions including depth to bedrock, or to water
table, stratigraphy, lithology, structure, and fractures or all of these. The calculated seismic
wave velocity is related to mechanical material properties. Therefore, characterization of the
material (type brock, degree of weathering, and rippability) is made on the basis of seismic
velocity and other geologic information (ASTM, D5700). Refraction field methods have
been described by Telford (1981). Similarly, the interpretation techniques of seismic
refraction data have been described by Telford et al. (1981 Raynblds (1997).

2.5 Peak Ground Acceleration

Generally, PGA is estimated from observed accelerograms. In the case of present study area
no observed data is available. For the modelinacotlerograms (PGA) synthetic earthquakes

are generated from finite fault source (Honda and Yomogida, 2003b). Methods developed by
Honda and Yomogida (2003a, 2003b and 2003c) uses wavenumbers to calculate
accelerograms. For the source velocity model givgrGhimire and Kasahara (2007) was
used. Similarly, a computer program in C+ language written by Honda (2003) was used in
PGA calculation. Details are discussed in section Batlier works in PGA distribution has

been conducted by Bhattarai et al. (201king 1934 Taplejung and 1988 Udayapur
earthquakes as point sourétowever, their preliminary probabilistic seismic hazard analysis

is concentrated in Eastern Nepal.
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CHAPTER 1l
METHODS AND MATERIAL S

Methodologies adopted during this study can begoaize into three parts viz. desk study of
the literatures relevant to thesis work (see chapter Il, Literature Review); field work including
geological study, geotechnical investigations & seismic refraction survey; and laboratory

analysis of data & interptation of data.

Geological maps and earlier works of the study area conducted by various researchers were
studied prior to the field work between™snd 28' April 2013. This was followed by a
reconnaissance survey with a team of experts includintegauical engineer, engineering
geologist and geophysicist from Nepal Environmental and Scientific Services Private Limited
(NESS), which was responsible for this Kathmandu Fun Park Project (KFPP). Reconnaissance
survey was conducted betweed and 7 Jwne 2013 for the geological, geotechnical
assessment of the project area. This reconnaissance survey team planned the methodologies to
be adopted for the igitu and laboratory test and analysis of data, and accordingly further
studies were conducted. Gegical survey was performed betweeh &nd 12" June 2013.

This includes identification of bedrock geology of the project site and nearby places. In
succession the geotechnical investigations were carried out which included the digging of test
pits (size 2mx2mx2m) at seven selected tower locationseeetvtd and 24" July 2013.
Similarly, for the strength and bearing capacity calculations in the field the Direct Cone
Penetration Test (DCPT) was conducted at each tower locations betwkand®&¥' July

2013. Furthermore, laboratory tests for sowssification, liquid limi® plastic limit and
strength parameters (c and @) of soil were performed frdhia232! July 2013. At last of the

field work the seismic refraction survey was carried out in early August 2013. Similarly,
interpretation of datarém laboratory analysis and from field test, and gathering and
interpretation of data of past earthquakes for the seismic hazard analysis were conducted in

the successive months of 2013.

Materials, equipments, software etc. needed for the field studEsatory analysis and data

interpretations are described below in the separate sections like geotechnical investigations,
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seismic refraction survey, and peak ground acceleration calculation to access the seismic
hazard.

3.1Geotechnical Studies
3.1.1 Insitu Test

The general direction of proposed tower alignment for cable car iS\WEFig. 1.2) The
proposed tower alignmerf the cable catay mostly on loosely deposited colluvium. To
investigate geotechnical parameters for different towers #ftegseen pits of dimension
2mx2mx¥X2m were dudFig. 3.1). For the field test DCPT was performed and soil profiles were

also prepared (from surface up to 2m).

Fig. 3.1: Pit holedug for geotechpal investigations, pit no. 1 (for detail description of pit profile
section 4.2).
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3.1.1.1Direct Cone Penetration Test

ASTM D695103 suggests that the Dynamic Cone Penetration (DCP) test is used to access in
situ strength of undisturbed soil and@mmpacted materials. The penetration rate of the 8 kg
DCP can be used to estimatesitu CBR, to identify strata thickness, shear strength of strata,
and other material characteristics. This instrument is typically used to access material
properties ta depth of 1000 mm below the surface. The 8 kg DCP is shown schematically in
Fig. 3.2. It consists of following components: a 15.8 mm diameter steel drive rod with a
replaceable point or disposable cone tip (tip angle 60 degree and diameter at the2@ase of
mm), an 8 kg hammer which is dropped a fixed height of 575 mm, a coupler assembly, and a
handle. The procedure was the operator derived the DCP tip into soil by lifting the sliding
hammer to the handle then releasing it (Fig. 3.3). The total penetfatiargiven number of

blows was measured and recorded in mm/blow, which was then used to describe stiffness,
estimate an wsitu CBR strength from an appropriate correlation chart, or other material

characteristics.

Normally readings were taken after gefl number of blows, that is, 1 blow for soft material,

5 blows for Anormal 06 materials and 10 bl ows
the nearest 1 mm corresponding to a specific number of blows was recorded. A reading was
taken immediatelywhen the material properties or penetration rate changed significantly.
Using DCP has high variability of data in case of large, well graded granular materials.
Although fewer materials with a maximum aggregate size of larger than 2 inches were

encounteredh this study, the use of DCP in such case has always been questionable.
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Fig. 3.2: Schematic of DCP device (souré&TM D695103).
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Fig. 3.3 Conducting DCP test in the field.

Kleyn and Van (1983) after their extensive work in DCP soundgrgposed a correlation

eqguation between DCP strength and for shallow ground investigation which is given as;
l0g10(CBR) = 2.6321.28*logio(Strengthe é e é e é e éééeéeéeéeée. .. (1)

Similarly, Unconfined Compressive Strength (UCS) can also be calculated Kleyvaand

(1983) equation and is given as;
UCS=15*CBR%¢ ¢ ¢ ¢ 6 ¢ éé¢ecééecééeééeeéeeéeeée. .. (2)

Thus calculated CBRvas used to calculate the bearing capacity which is suggested by PCA
(1995) as;

Bearing Capacity 46*(CBR) %% . é é ééééééééééééééééééé (3)
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3.1.1.2Soil Profiles

The test pits of size 2mx2mx2m for geotechnical studies were used for profiling the soils up to
2m depth from the surface. Profiles were made at field by using field identification and
description of soils given by Anon (1981).

3.1.2Laboratory Studies

Since the geotechnical studies are only concerned with the tower location, base station and top
station no particular sampling method was followed during this study. Hence, the samples
were taken from the bottom (i.e. 2 m below the s@faxf each seven pits for the laboratory
analysis. Similarly, the samples taken were disturbed samples. Five different tests were
performed in the laboratory of Environment and Resource Management Consultancy (ERMC)

Private Limited, Baneshwor, Kathmanduhely are described as follows.
3.1.2.1 Classification of Soils

Quantitative determination of the distribution of particle sizes in soils has been described by
ASTM in ASTM D42263. The distribution of particle sizes larger thane78 (retained on

the No. 20 Sieve) was determined by sieving, while the distribution of particle sizes smaller
than 75¢ mwas determined by a sedimentation process, using a hydrometer to secure the
necessary data. Similarly, the standard practice for classification of soils fimeemgg
purposes has been describe by ASTM as unified soil classification system in ASTM-D2487
06. This practice describes a system for classifying mineral and engaeoal soils for
engineering purposes based on laboratory determination of paiaeleharacteristics, liquid

limit, and plasticity index and shall be used when precise classification is required. Apparatus
used in the soil classification were balance, set of sieves, cleaning brush, sieve shaker, mixer,

hydrometer, sedimentation cylindegntrol cylinder, thermometer, beaker, timing device, etc.

Sieving was used in the particle size analysis of sands and gravels. The sample was placed on
a nest of standard sieves (prescribed by ASTM standard), of decreasing size from top to
bottom, and shaken by a-tap vibrator. At the end of the test the sodctions retained on

each sieve were weighed. However, if a significant amount ofgfiamed material is present

in the sample, it may have to be washed through the sieves, after treating with a deflocculating
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agent. The dry fractions retained on ea@veiwere then weighed. In hydrometer method, the
sample was treated with sodium hexametaphosphate to complgxAts, Fe*, and other
cations that bind clay and silt particles into aggregates. The sample was then mixed with
distilled water and was plagdein a cylinder. The relative density of the suspension was
measured at the same given times. The size of the soil particles in the suspension, and
consequently its density, decreases with time as the larger particles settle out. Corrections
were made fothe density and temperature of the dispersing solution. The results of particle
size analysis were given in the fractions, by weight, of different size grades. These fractions
were expressed as a percentage of the whole sample and were generally suobted &
cumulative percentage. Cumulative curves were then plotted irlegmaper and soil was

classified.
3.1.2.2 Moisture Content Determination

For many materials, the water content is one of the most significant properties used in
establishing a coelation between soil behavior and its index properties. The water content of

a material is used in expressing the phase relationships of water, air, and solids in a given
volume of material. The standard test method for laboratory determination of matstufe)

content of soil and rock by mass has been standardized in ASTM B32¥Xpparatus used

were based on standard as prescribed by this standard and were drying oven, balances,
specimen containers, desiccators, holder, knives, spatulas, scoople spliters, etc. The
procedure was that a test specimen was dried in an oven at a temperature of 110° + 5°C to a
constant mass. The loss of mass due to drying was considered to be water. The water content

was calculated using the mass of wateg)Bihd he mass of the solids g

/////////////////////

Water content(W)=(MMs) * 100 eééééééeccececeeeéeéééeccee.
3.1.2.3 Atterberg LimitsTest

Atterberg limit test are used as an integral part of several engineering classification systems to
characterize the fingrained fractions of soils and to specify the {fgrained fraction of
construction materials. The liquid limit, plastic limit, and gtieity index of soils are also
widely used extensively, either individually or together, with other soil properties to correlate
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with engineering behavior such as compressibility, hydraulic conductivity, compactibility,
shrink-swell, and shear strength $&AM D431810).

Procedure was followed as suggested in ASTM D4B18The specimen was processed to
remove any material retained on a 4251(No0.40) sieve. The liquid limit was determined by
performing trials in which a portion of the specimen was spreadomass cup, divided in two

by a grooving tool, and then allowed to flow together from the shocks caused by repeatedly
dropping the cup in a standard mechanical device. The three trials plotted or calculated to
make a relationship from which the liquidmit was determined. The plastic limit was
determine by alternately pressing together and rolling into a 3.2 mm diameter thread a small
portion of plastic soil until its water content was reduced to a point at which the thread
crumbles and can no longer peessed together andr@led. The water content of the soil at

this point was reported as the plastic limit. The Fig. 3.4 shows the essential features and
critical dimensions of the hand operated liquid limit device.
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Fig. 34: Hand operated liquidriit device (source: ASTM D4380).
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3.1.2.4 Specific Gravity of Soils

The specific gravity of soil is used in calculating the phase relationships of soils, such as void
ratio and degree of saturation. Similarly, it is also used to calculate the densiysof s
Standard method for this test has been described by ASTM International in ASTMLD854
This method covers the determination of the specific gravity of soil solids that pass the 4.75
mm (No. 4) sieve, by means of a water pycnometer. Apparatus mkquirthis test are

pycnometer, balance, vacuum pump, funnel, spoon, etc.
Specific Gravity G= Wo/(Wot(WaWp) ) éééééééeééeééeéeéeéeée. (5H)
Where, W= weight of sample of ovedry soil. Wa= weight d pycnometer filled with water.

Wy= weight of pycnometer filled with water and soil.

3.1.2.5 Direct Shear Test

ASTM D308398 covers the test method for determination of the shear strength of a soil
material in direct shear. Apparatus required are shear device, shear box, poroudevisert,

for applying and measuring the normal force, device for shearing the specimen, shear force
measurement device, shear box bowl, deformation indicators, balances, etc. The procedure is
to place the specimen in the direct shear device, applying atgmadeed normal stress,
providing for wetting or draining of the test specimen, or both, consolidating the specimen
under normal stress, unlocking the frames that hold the specimen, and displacing one frame
horizontally with respect to the another at a stant rate of shearing deformation and

measuring the shearing force and horizontal displacements as the specimen is sheared.
Nominal shear stress, acting on the specimen is;

O U (6) .
Where, U is nominal shear stress, F= shear

Normal stress acting on the specimen is;
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Where n= normal stress, and N= normal vertical force acting on the specimen.
Displacement rate (0= Ch/te .veeevrrreeiiieereeiiiieeeeie e e st e e et e e e et e s e e e e s e e e annes (8)

Where, d= relative lateral displacement, ard elapsed time of test.
3.2Seismic Refraction Method
3.2.1 Introduction to Basic Theory of Seismic Waves

A seismic disturbance is transmitted by periodic elastic dispkwerof the particles of
materials. The progress of the seismic wave through a medium is determined by the
advancement of the wave fronts. Seismic waves, which consist of tiny packets of elastic strain
energy, travel away from any seismic source at speetgsmined by the elastic moduli and

the densities of the media which they pass. There are mainly two types of seismic waves. One
which passes through the bulk of a medium known as body waves and another that confined
to the interfaces between media witmtrasting elastic properties, particularly the groaird
surface, known as surface waves. Two types of body waves can travel through an elastic
medium. Material particles oscillate about fix points in the direction of wave propagation by
compressional andilational strain in Rvave or compressional waves or primary waves.
While in Swaves or secondary waves or shear waves, particle motion is at right angles to the
direction of wave propagation and occurs by pure shear strain. Velocitwa?® (Reynolds,

1997) is given as;

Vp= (B¢ §ogécéecéecéceéeéeéceéceéceeeeeeeeée. .. (9)
Vp=[(K+4el3)) Y é ¢ é ¢ é ¢ é e éeéécéééééééeéeé. . .éée...¢eé (10
WhereVp=P-wavev el oci t y. E = Youngds modul us.

} = density of medi um. K = bulk modulus and

¢ = shear modulus.
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Velocity of the Swave is given by;
Vs=@E/) Y6 eéécéeecéécééeéeéeéeéeéeéeéeéeéeée. ... .. (11

The only elastic property that determines the velocity of the shear wave is the rigidity modulus
€. In liquids and gases is zero and hence, shear waves cannot propagate. Gogipar

equations (10) and (11), we get;

,,,,,,,,,,,,,,,,,,,,,,,,,,,

Vi 413(V&S) = K/} ééééeééeééeééeééeeéeeéeeéee. . (

By definition, the bulk modulus, K, is positive (if it were negative, an increase in confining
pressure would cause an increase in volume). Shear waves from an earthquake travel more

slowly than primary waves and are recorded as latter arrivals. Velagityaf seismic body

waves in terms of Poissonbds ratio (g9g) i S VE
equation.
(VplVe)?=(1-g) /-gD . BéE¢cééecééeééeééeééeeéeeé. . é.ée. (1c-

P-wave velocity for different materials is shown in Table 3.1. Similagpjcal values of

Poi ssonds ratio are given in Tab/MNgshb&ween For
1.5 and 2.0. Poi ssondés ratio can be <calcul a
theoretical limits of O (a hard, rigid medium) and (flgid). Earth material exhibit values for
Poissonbds ratio from about O0-bdafhg dnoonsolidated y h ar
materials (Sheriff and Geldart, 1982).

3.2.2 FactorsAffecting P- and S waves

Seismic velocity depends mainly on patgs pressure and water saturation. Different
sediment types are characterized by different velocity values and velocity dependencies of
controlling parameters. These are controlled by differences in the mineralogical composition,
grain size distribution rad grain shape, etc. In consolidated sedimentga¥e velocity
depends on the porosity and on the material filling the pores. The velocity generally increases

as the porosity decreases. The relationship given by Wyllie et al. (1958) is given below.

ING=Vi+(LONmE 6 6 6 6 6666 66666666666666666. (14)
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Where, \y and « are velocity of Pwave and porosity respectively, whiler ¥d W, are

acoustic velocities in the pore fluid and the matrix respectively. Typical values for trelV

Vm are 1450 m/s and P8 m/s for water and consolidated materials respectively. In this study

area most of the area is covered by unconsolidated materials, first the modelgaeé P
velocity and porosity were prepared wusing W

then sed to fit the observed data.

Table 31: P-wave velocitiegshrough some materials (souré&eynolds, 1997).

Material Velocity (m/s) Material Velocity (m/s)
Air 330 Dolomites 25006500
Water 14501530 Anhydrite 35006500
Loess 200-600 Rock salt 40005500
Soil 100150 Gypsum 30003500
Shale 20004100 Granites 46006200
Sand (loose) 2002000 Basalts 55006500
Sand (dry, loose) 20001000 Gabbro 64007000
Sand (water saturated, loose) | 15002000 Peridotite 78008400
Glacialmoraine 15002700 Serpentinite 55006500
Sand and gravels (near surface)| 400-2300 Gneiss 35007600
Sand and gravels (at 2km depth] 3000-3500 Marbles 37807000
Clay 10002500 Sulphide ores 39506700
Flood plain alluvium 18002200 Made ground (rubblestc.) 160-600
Permafrost (Quaternary sedimer; 15064900 Landfill refuse 400750
Sandstone 14004500 Clay landfill cap (compacted) | 335380
Limestone (soft) 17004200 Disturbed soll 180335
Limestone (hard) 28007000

Table3.2: Typical ValuesoP 0 i s s 0o nSowceArard, 2000). (

S. N. Types of soil Poi ssonbés ratio
1. Saturated clay 0.40.5

2. Unsaturated clay 0.1-0.3

3. Silt 0.30.35

4. Loose sand 0.30.5

5. Dense sand 0.2-0.3
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P-wave velocity is higher for denser rocks. An empirietionship given by Gardner et al.,

1974 shows an increase indvelocity with the

,,,,,,,,,,,,,,,,,,,,,,,,,

] = Q'Baédéecécécééeéeéeéeéeéeéeéeée. ... (15)

There exist significant correlation between velocity and porosity for unconsolidated sediments
(Schon, 1983). Velocity values in unconsolidated sediments are distinctly lower than in
consolidated sediments. The differences between the velocities in dnaterdsaturated state
increase with increasing porosity and decreases with increasing pressure (Klimentos, 1991).
The influence is generally much stronger fow&ves due to the distinct difference of the
compressibility of fluids and gases than few&ves where only the change of the density and
boundary effects play a role. At low pressure range, there is a marked increase of velocity
with depth. Similarly, with increasing amount of clay content the velocity generally decreases

in unconsolidated sedimtm

3.2.3 Loss of Seismic Energy

The loss of amplitude of seismic wave with distance occurs mainly in three ways as spherical

divergence or geometrical spreading, intrinsic attenuation and scattering.

Seismic wave propagates radially away from the soarwk decreases in amplitude with
increasing distance. The total energy (E) generated at the shot instant is spread out over a
hemispherical shell with a radius (r) that increase with time. The energy is spread out over the
surface of the half sphere suthat the energy density or intensity for body wave is at

distance, r, from source (Lowrie, 2007);

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

lb=FEy 226 6 ¢ écé¢éécecéécecééecééeééeééeeéeeé. ... (16)

Where, b, E,, and r are the intensity of body wave, total energy of body wave at source, and
distance fom the source respectively. The surface wave is constrained to spread out laterally.
The disturbance affects not only the free surface but extends into the medium to a depth of d,
which can be taken as a constant for a given wave. When wave front ofaeesudive
reaches a distance r from the source, initial energyigBistributed over a circular cylindrical
surface with area 2 rd. At a distance r fr

given as (Lowrie, 2007);
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Is=BE/ 2" rd ééeéééeceéécecé&&acrcééceéecéeeceée (17)

From equations (16) and (17) it is clear that the body waves attenuated more rapidly than the

surface waves.

Intrinsic attenuation is caused by the imperfect elastic behavior of the earth materials. The
energy is absorbed by the meuh by being transferred into neat by the friction of individual
particles moving against each other as the wave passes through the medium. The attenuation

in a homogeneous material is explained by;
AA=r/rexp{U(rg) } ééééééeéeéecéeéeéeéeéeéeé(lseé

Where, A and Aare the amplitudes at a distanceragfdr om t he source respe

attenuation coefficient which is related to the velocity (V) of elastic waves and their frequency
() by;

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

U = "f/ QV éééééééééééedcééééedcdééeecdéééesd.,
Q= 2Uos éééééééeééeééeééecéeecéeecééeeééeeée. .. (2
Where, Q is the quality factor and & is the

Scattering of incident energy is evident as an apparent attenuation takes place by reflection,
refraction of seismic waves. There are three levelscaftering can be described in terms of

t he wave number s ( k = 2 flV) and scale of
homogeneous when ka << 00.1 i.e. very large seismic wavelengths as compared to the
heterogeneities and the scatters are too smélktseen by the seismic waves. For ka < 0.1,

the material is heterogeneous displaying Rayleigh scattering which produces an apparent
attenuation. This situation is the most common. And, for kal0,lthe material is highly
heterogeneous, where variationvielocity is rapid and significant scattering occurs and the

energy dissipation is known as Mie scattering.
3.2.4 Refraction Principle

The seismic refraction principle iIis based o

Laws of refractionandreflct i on can derived from Huygendés |
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Wh e r ea n ddarefangle of incident (equals angle of reflection) and angle of refraction

respectively. Y and \4 are velocity of upper and lower layers.

The met hod of sei smic refract.i

on

can

be und

critical refraction at the interface between two layers. The seismic disturbance travels

immediately below the interface witiigher velocity of the lower medium. It is called head

waves (Fig. 3.5).
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Fig. 3.5 Direct wave, head wave, refracted wave and reflected waveanrgle of incident.

Certain distance off the source (shot point), called crossover distance, théedefraves

arrives prior to reflected waves and hence are the first arrivals to be recorded in seismograph.

The method of seismic refraction for the horizontal interface is illustrated in Fig. 3.6.

First arrivals are picked and plotted as a taistance arve (Fig. 3.6). Then, velocities of the

layers, the depth to the interface, and crossover distance can be calculated by following

formulas (for notation, see Fig. 3.6);
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d=1/2t{(V1V2) | 8(V¥) } éééééééééééééeéééeécéeéeecéceéce (24)
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Fig. 3.6 Travehlime versus distance curves for the direct ray and the reflected anttedfrays at a horizontal
interface between two layers with seismic velocitiesahd \s (Vi< V2). S = source, G = geophongriangle of
incident, X = critical distance, ¥ = crossover distance, d = depth to the interfageamd m are slopes of direct
and refracted rays, angstthe echo time at t = 0 (sourdeawrie, 2007)
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Xe= 2d s&)WAVY } 66666666666666666666666. .. (26

In case of inclined refractor the apparentdiip and dowrdip velocities are calculated from
the time-distance graph (Fig. 3.7). In this case the forward and reverse shoot is required at
both ends of the profile line. Later, those apparent velocities are used to calculate velocities of
layers, inclination of refractor and depth to the refractor at leoids (shoot points) of the

profile. Working formulas are given below (for notation, see Fig. 3.7);

,,,,,,,,,,,,,,,,,,,,

d = 1Hv2Naossim(Vi/Vy) } ééééeéééécéeeéééeeeééée. ... (21
ic=12{sinY(Vy/Va) +sint(Vi/V,)) } ééééééééééééééééééééé (28)

,,,,,,,,,,,,,,,,,,,,,,,,,,,

ta=2dhcostiVIié € ééeéééeecééeeééeecééeeceééeeeéee. . . e (29)
tw=2dcost/Voé é e éeééeééeéeéeéeéeeeeeéeéeéeée.. (30)

INVg+1Mu= 2ceocsald d/éeeéééeeceéééeeceeceééee. eéé (31)

3.2.5 Elevation @rrection

Dobrin and Savit (1988) suggest that the most usual computational procedure is to put both
the shot and the detector on the same imaginary datum plane by subtracting the times that
would be required for the wave to travel from the datum to the respebiweos detector
locations if they are higher than the datum or by adding the times that would required if they

are lower.

Fig. 3.8 demonstrates how this transformation is accomplished. Assume that both the shot and
the detector are above the datum plaBieot point P has to be lowered on the datum plane
directly below the shot hole and the detector at Q on the datum plane below E. The
hypothetical ray path after the correction is shown by the dotted line. The difference between

the time from A to D alondhe actual path and that from P to D along the hypothetical path is;

AB/Voi CD/V1=AB/NVoi PB/V1=Ds
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which is, by definition, the delay time associated with the layer between the bottom of the shot

at

s |

refracting
velocities of layers (¥ V1)

da and @& are depth to refractor at A and B,and 1, are downdip and updip time intercepts respectively,ym
and m are slopes of ugip and dowrdip refracted waves respectively; s the slope of direct wave, and, V
and V4 are updip and dowrdip velocities respectively (sourdeowrie, 2007).
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Fig. 3.8 Elevation correction for twdayer case. e is shot elevatiakdthe detector elevation above sea level

(source:Dobrin and Savit, 1988).

Ds = {(e-h-d)cost}/V o = {(e-h-d )

Similarly, at the

path from the surface to the datum is;

Di=(Ed) & VPN1Vo

&-Vob)IW 1Vo

det ect o delagtimd assobiaed with tha e

el

The sum of these corrections in delay time should be subtracted from the observed intercept

time in order to place both shot and detector effectively irddtem plane. The elevation of

the shot is actually the surface el evation
charge in the hole 6ho, so that the final
is;

Elevation correction = (@+E-2 d ) 1AVA(VWVoé é € é é eééeéeéeé é .

3.2.6 Hidden Layer Problem

A hidden layer or blind zone occurs when a layer that is present is not detected by seismic

refraction. According toReynolds (1997) there are four cases of this problem: velocity

inversion; lack of velocity contrast; the presence of thin bed; and inappropriate spacing of

geophones (Fig. 3.9). In the situation where a layer with lower velocity underlies one with a

higher velociy, then the lowetying layer may not be detected using seismic refraction

methods. No critical refraction can occur in such a situation and this no head waves from the
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interface are produced. If there is little velocity contrast; then it may be extrdiffalylt to

identify the arrivals of head waves from the top of this zone. In addition, in the case where
velocities increases with depth, but the thickness of a layer is less than one wavelength of the
incident wave, then the thin bed would not be evidam the corresponding tinistance

graph and would therefore effectively be hidden. The hidden layer problem precludes seismic
refraction surveys from being undertaken where there is known to be a velocity inversion,
such as where there is a layer obsgly cemented material in less consolidated material at
shallow depth, such as hgpdn or duricrust. The only way seismic refraction can be
undertaken in such circumstances is for each shot and geophone to be located below this hard,
highervelocity laye. This solution can lead to considerable logistical problems and reduced

production rates, with a corresponding increase in cost (Reynolds, 1997).
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Fig. 3.9: Depiction of the &éhi ddenx\V)aWdackoofvelaciybl em du
contrast (M V) and (c) a thin layer (layer 2) sandwiched between layers 1 and 3. In (d) the distance between
geophones is too large to permit the identification of layer 2 (source: Reynolds, 1997).
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3.3 Seismic Refraction Survey
3.3.1 InstrumentUsed for Seismic Refraction Survey

A 24 channel seismograph namely McSEIS 170f from OYO Corporéfign 3.10) Japan
was used for data acquisition. One (vertical) component geophones with frequency range
between 0.1 and 100 Hz from the same company wag./4 10 Kg hammer was manually

impacted to generate the signal.

Fig. 3.10 McSEIS 170f used in seismic refraction survey.

3.3.2 Data Acquisition

Two way inline shooting was deployed for data acquisition. During this study, seismic
refraction was caied out along 17 profiles. In inline shooting geophones are spread along a

straight line(Fig. 3.11)regarded as profile line hereinafter. Signals are generated at the two
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ends of the profile. The seismic energy penetrategrbend and reaches to the geophones.
The waveform at each geophone is then transmitted to the seismograph which records the
waveform as seismograrfig. 3.12 shows the seismic refraction survey carried in this study.
Thus, in two way inline shooting, tw@cords of waveforms (seismograms) are obtained as
the raw data.

The data acquisition was carried out with sampling frequency of 1000 -secomd. To

remove the ambient noise due to many factorstli&iic, micro tremor, wind etc.he data

was filtered within a narrow band between 30 and 62 Hz. Since the amplitude of the
waveform decreases inversely with respect to the distance of the source the gain of the
geophone far away from the source was high with respect to the geophone near to source. The
rangeof the gain was between 20 and 50 dB. Further, to homogenize the data for visual
inspection all seismograms were normalized. The normalization was carried out by dividing

each data of individual waveform by the maximum amplitude.

Fig. 3.11 Installinggeophones along a seismic refractsomveyline.
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3.3.3 Data Processing and Analysis

Data processing includes the picking of travel time from seismograms and preparation of

travel time curve. Time spent by seismic signals to reach each geophone wasynpacked|

from the seismogram and was plotted to obtain the travel time curve. Thus, obtained curve

was used to estimate the velocities of different layers in the subsurface, depth to the interfaces
and the geometry of the interfacdslevation corrections were made where needed as

described in section 3.2.5.

Fig. 3.12 Conducting seismic refraction survey in field.

3.4 Calculation of PGA

Frequency domain potentials at a point P (Fig. 3.13) due to a finite fault source can be
estimated from the following equations (Honda and Yomogida, 2003b);
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Where, «+ and « represent wgoing and dowsgoing Rw a v e s ,+a a d fdrypygoing and
downgoing Swaves, respectivelyxk ( Jrixahdky = ( Qnydrelwavenumbers with the
maximum wavenumber ofyr= ny = N. Lx and Ly corresponding to periodic source intervals
introduced by the discretization of wavenumbers i axnd ydirections, respectively.
Si mi |2&kfikli kfand=ki kli k2

ko= ¥/ Up=armwd bk corr espondi nwavetamd Svazev enumber s for

Indeed,« bei ng a scal ar xp 9 yAWeing avectoapoténtiay whish afey
decomposed from a displacement vector U in a Cartesian coordinate system with positive z

axis downward (Honda and Yomogida, 2003b).
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Now, source related coefficients ABx+, By and B- are given by

with moment tensors related to fault paramewgrsla n d

3.13) as;

Mxx=-Mo (sindc o0 s
Myy = Mo (sindc o s
Myxz =-Mo (cosdc 0 s
Myy = Mo (sindc o s
My, =-Mo (cosdc 0 s

Mz=Mo(sindsi n &) éé

24+&/DIN 23 i n

&+ @OIAS i n

el cesids i n

asi sinAls i2n 23 cos

¢c@mQ o e
—0 ¢’ @ ¢@u
o
eééééééeeeceé. eéééé (37)
M, mQ i
U 0] (¢21¥)
I
eééééeéééeceee. e éé (38)
. mQ .
U 0] @u
r
Eéééeéeéééeceecee . éé (39)
. mQ . e
Qo : U Y @u
Eéééeéeééeeeceeecee (40)
2 ( Ahaids, H980dandHRFig.
as+sin As i2n 2@ si n
3s) =9Myxn 2
@=Miéné e e e éé ..e..(41)
@=Myg&seeeeee.é.e (42
Eeééééééececeeéeéeééédl
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Fig. 3.13: Fault geometry. L, W, dand o are | engt h, wi dt h, stri ke,
whose definitions are after Aki and Richards, 1980% the direction of rupture propagation amds the other
direction on the fault plane. Similarly,«¥o,2) is the sourcedcation.

With the introduction of finite fault source, and considering®™M € DS wi t h t he
fault area S and decomposingn@ve potentials into SV and SH waves, expressions of
potentials radiated from a finite fault (Honda and Yomogida, 1999) are

QO o e o o
N ————AgEO » Qw w vueU a

L QU
Agay 6 Q 6 Q 6w p
6 6Q 6 uQ

Agai— 6 © 6 Q 64 p

— 6 6Q 6u1Q
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6 AgpU
eééecééecééeecééeeceéeeceeeecéeeecéee. . . eeée. (45)
Q0 6 s o s T~ o
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¢ QU
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6 67 61 1Q

Agai— 6@ 6°Q 61 p
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eeééeeéeeéecéecéeceéeéceecéeeceéee.e. .. (4606)

[ SHx and SVz are potentials for SH and SV waves withfilllowing coefficients.
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Where, Gy, Ci2, € é3zzareC@efined by the following rotation matrix;
o fbp @p o
0C @PC ©C O
00 Po Qo o
[ Qt Bhdodoé | O 1 Qe 1 Qf Bokdi QE 0 & i &E | 1 Q¢ (%t
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eEééeééeécécécécéeeeéeéeéeéecécéecéecece ... (49)

To remove singularities such as surface wave poles from the integration path averkk a
complex frequency with a small positive imaginar p a wds intsoduced by Honda and
Yomogida (2003b). Hence, it is not necessary to change formulations mentioned above, even

in the calculation of static component.

Moreover, displacements are affected by truncation number of wavenumbers. Reuired
trunation horizontal wavenumvemkx can be estimated by following flow chart (Fig. 3.14)
given by Honda and Yomogida (2003b).

Now, displacement can be calculated using the following formula described by Honda and
Yogodisa (2003a);

eeééeeéeecéeecéeecéeecéeeée. é..é& (50)

W — ——éééééééééééééééééeéé. é&ééé (51)
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Where,Uand r 6 component (direction of the wave
W is the vertical. The surface displacement by-Vves, which is hdazontal and

perpendicular to Uis given by;

,,,,,,,,,,,,,,,,,,

Veg=-T ysn/T ra ééeééééeéée. .. eééeceééééée. €52)

Calculate static displacement at surface by the
Okada's analytical solution.

Obtain its horizontal wavenumber spectra by FFT

Assume a two-digits convergence range and define the required value of truncation
number of horizontal wavenumbers.

Compare analytical sohution of the surface deformation with those numerically
caculated by the discrete wavenumbers method.

Fig. 3.14: Flow chart to estimate a reqdirguncation horizontal wavenumb Knax (source: Honda and
Yomogida, 2003b)
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Based on these theoridsuble differentiating equations (50), (51) and (52) with respect to

time the acceleration can be obtained. These equations were used in the program (C+

program) written by Honda (2003). This program was used to estimate the PGA in this study.

PGA calculaibn was done in the area with a grid of 10mx10m. The velocity model (Fig. 3.15)

of the source was taken as suggested by Ghimire and Kasahara (2007). We use 1934

Taplejung earthquake, 1988 Udayapur earthquake (Fig. 3.16) and two hypothetical

earthquakes lated (Fig. 3.17) 50 km northeast and 50 km northwest of study area to

calculate PGA. Mechanisms of earthquakes are tabulated below (Table 3.3).

Table 3.3: Parameters used to simulate the earthquakes.

Earthquake Location My Depth Mechani | Dip U (s)
(km) sm © de

1934 Taplejung| 2 7 A17 6 2/ 84 |15 T 0 12 130
87A32064

1988 Udayapur | 26.75° N 6.7 |45 S 325 54 38
86.62° E

H1 28A90658 6.0 |10 T 0 20 18
85A10061

H2 27A46061 60 |10 T 0 20 18
85A43061

*Mw=Moment Magnitude, T=Thrust event, S=Strikbp event, «=dip-direction of the fault planed=dip-

of

amount of the fault plane, U=duration
A 0 b 0
B o B Lla_
iE‘, 50 50 —
L
o
[
(=] — —
v
100 | I | 100 T T T
0 4 8 0 4 8
_— _
Velocity(km/s) Velocity(km/s)

t he

earthqua

Fig. 3.15: \klocity modelfor the (a) source region and (b) station ¢#eurce: Ghimire an&asahara, 2003).
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Fig. 3.16: Regional seismicity in and around Himalaya. Rupture areas of the great Himalayan earthquakes are
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Fig. 3.17: Map showing the locations of hypothetical earthquakes (solid dots labeled as H1 and H2) used to

calculate peak horizontal ground acceleration in the study area.
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3.5 Correlation as a Statistical Tool

Correlation is a statistical tool which studies thetiehship between two variables under
study. Two variables are said to be correlated if the change in one variable results in a
corresponding change in the other variable. If the values of the two variables deviate in the
same direction i.e., if an increasn the values of one variable results, on an average, in a
corresponding increase in the values of the other variable or if a decrease in the values of one
variable results, on an average, in a corresponding decrease in the values of the other variable,
correlation is said to be positive or direct. On the other hand, correlation is said to be negative
or inverse if the variables deviate in the opposite direction i.e., if an increase (or decrease) in
the values of one variable results, on the averagecamrasponding decrease (or increase) in

the values of the other variable. The correlation coefficient (r) lies betvieand +1. If r is

+1 then the correlation is said to be perfect and positive. Similarly, if-1 ithen the
correlation is said to beerfect and negative. Correlation coefficient between two variables X

and Y, usually denoted byyror r is given by;

R B8 8 9 9
O
B8 8 B9 9

////////

eeeeéeéeééee. . .. (53)
Where,®is the mean of X values anglis the mean of Y values.

In this study the correlation coefficient is frequently used in order to study the relation

between Rvave velocity and other geotechnical parameters.
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CHAPTER IV
RESULTS
4.1 Geotechnical Studies
4.1 In-situ Direct Cone Penetration Test

Direct ConePenetration Tests was conducted in seven different pits at 2m below the surface.
DCP strength was calculated and was used in calculation of California Bearing Ratio (CBR),
Unconfined Compressive Strength (UCS) and Bearing Capacity. Three or four DGketests

conducted in every pit holes. The Table 4.1 shows the average of all three or four tests.
Summary of the test, i.e. penetration versus blows plots for seven pits, are shown in Fig. 4.1.

For the sample format of test and detailed calculations, ref&E3NA.

Table 41: CBR, UCS, and bearing capacities from DCP test at seven pit locations (for pit locations see Fig. 1.2
in chapter 1).

Pit numbers
1 2 3 4 5 6 8
CBR 32.8 7.5 6.4 20.7 12.2 10.2 7.4
UCS(KPa) 321.3 87.5 76.7 213.1 134.9 114.9 87.0
Bearing ca. (KPa) 261.2 98.6 89.4 189.8 136.6 120.9 97.5

4.2Soil Profiles

Soil profiles of all seven pits were prepared. The depths of soil logs were limited to 2m depth.
(See ANNEX B). Description of soil logs of all seven pits are described below in Table 4.2.
Soil profiles of all seven pits show only little variations. Theegal pattern is top (organic
clay) soil layer followed by clayey colluvium. Profile 3 and 8 show boulder in third and

second layer respectively, otherwise the soil is gravel rich clay.

47



No. of blows No. of blows No. of blows
0O 10 2 30 4 S0 6 70 8 S 100 110 ° 10 20 30 0 50 ° 10 20 30 40 50 60
° ° °
100
100 — b \ 200 | L2
e, 200 % .\;\'
200 Bl Xe 300 =
R 300 b My
o, o . .
300 R )
. 500
- o g + DCPTL = 400 +DCPT 4 - .\\. .peeT 8
E 400 \ - DepT2 E, 500 40CPT 5 E “» *DCPT
= = - DCPT 6 : L) : g DCPT 10
'S = L 2 600 S 800 R e
« Average g * Average **esetionya, + Average
- 2 700 900 i o
$ 1000 e
E & 800 & S
700 1100 N
Pit No. 1 ] Pit 1200 PitNo. 3 <
800 1000 1300 ~
900 1100 1400 \\
1500 x
1000 2o 1600
No. of blows No. of blows
° 20 40 60 80 100 120 ) 10 20 30 4 S0 6 70 8 %0 ¢ B %0
0 °
100 \l‘_ 100
100 1%. 00
200, 200 b
. 300
300 500 NG 100
400 D% "3 +DCPT 11 500
= %0 + DCPT 15 = b = socr 21
E 500 DCPT E i i E 00 - DCPT 22
b=t ) i el SRS : 799 DCPT 23
600 - DCPT 17 = e 3
g S 700 gl - DCPT 14 2 800 i
€ 70 * Average ‘. ) 900 e
B % 800 el + Average :
800 5 (5 e, T 1000 =
E = \\ 2 o0 - (B B
3 1000 5 . 3 :
Pit/No. 4 e ] Pit No- 5 L o Pit No. 6 N
1000 1100
\ = 1300 %
b,
1100 e 1200 \\ 1400
1200 1300 1500
1400 1600
No. of blows
o 10 20 30 40 50 60 70
°
100
200
300
400
500
S + DCPT 18
E 700 - DCPT 19
<
g 800 - DCPT 20
‘g 900 + Average
g o0
A4 1100
120 TP No. 8 N
1300 o~
1400 \\
1500 s
1600 N
1700

Fig.4.1: Summary of DCP test (penetration in mm versus no. of blow plot)



Table 4.2: Summary of soil profiles of seven pits (for figures see ANNEX B).

Pit No. | Layer 1 Layer 2 Layer 3 Layer 4 Layer 5
60an thick, 90cm thick,
. brown,few brown angular
ggﬁ ng;[:éf(k,gobp nodules of gravels(>layer2)
1. darll< humous pebbles, highly | of fine grain
(or énic clay) weathered, clay | sandstone, clay
9 y rich soil rich gravelly soll
(colluvium) (colluvium)
50cm thick
90cm thick, brown todark
60cm thick, top | brownto dark brown, angular
sal, black to brown, with few | gravels and
> dark brown pebbles and pebbles with
' humous withfew | gravels, highly | their proportion
pebbles (organic| weathered, clay | greater than
clay) rich soll second layer,
(colluvium) clay rich ®il
(colluvium)
30cm thick, top | 60cm thick, érlc?v(\:/nm wilt%k:a
soil, black to brown, with few '
. large boulder (2
3 dark brown, gravels, highly 3m) and
' humous with few| weathered, clay
- . gravels(>layer2),
pebbles (organic| rich soil . )
clay) (colluvium) clay rich soil
(colluvium)
. 90cm, reddish
igﬁrgrgéikt'ot()p 70cm thick, light | brown, gravels
darI,< brown reddish brown, | (>10%), silty
4. hUMOUS soi,I with gravels (<5%), | clayey soil with
ravels (organic few cobbles, couple of thin (2
gla ) 9 silty clayey soil | 3 cm) gravelly
y clay layers
35cm thick, top . . 25cm thick, light s 50cm thick, light
soil, black to 70cm thick, light brown to reddish 20cm thicklight brown to reddish
brown, angular brown, angular
5. dark brown, ; brown, gravel ! brown, gravel
k gravel rich ravel rich clayey
humous soil . (~5%), clayey . (>5%), clayey
. clayey soil . soil X
(organic clay) soil Soil
30cm thick, top 170em thick
soil, black to ddish b '
dark brown in reddish brown to
6. color with few light brown, few
(<8%) gravels (710%) gravelly
(organic clay) silty clay
180cm thick,
20 cm thick very light brown,
black, top soll to yellowish
8. with gravels brown, cobble

(organic clay)

and boulder rich
gravelly clayey
soil (colluvium)
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4.3Laboratory Test

To study geotechnical parameters, laboratory studies included classification of sampled soils,

moisture content determination Atterberg limit test, specific gravity test and direct shear test.

Table 4.3: Laboratoriest of geotechnical parametefssamples.

Moisture | Atterber limits Direct shear test
Pit . o Specific
Soil classification content ) (c) f
No. LL PL Pl gravity
(%) Kpa | (degree)

Reddish brown clayey silt
1. ] 18.2 38.30| 33.38| 4.92 | 2.5 4 24
with gravel and sand

Brownish grey sandy silt
2. with clay and traces of 24.7 33.50| 25.48| 8.02 | 2.574 12 17

gravel

Brownish red sandy silt
3. with clay and traces of 27.4 16.70| NP NP | 2.577 6 19

gravel

Brownish grey sandy silt
4. with clay and traces of 23.7 32.80| 26.99| 5.81 | 2.439 6 17

gravel

Brownish grey sandy
5. clayey silt with traces of | 25.4 28.30| 24.61| 3.69 | 2.522 16 16

gravel

Brownish grey clayey
6. sandy silt with traces of 195 25.00| 22.12| 2.88 | 2.485 11 21

gravel

Brownish grey sandy silt
8. with clay and traces of 32.8 35.50| 27.43| 8.07 | 2.621 13 16

gravel

Sieve analysis and hydrometer test were performed for the soil classification. Distribution of
particle sizes larger than #5n(retained in No. 200 sieve) was determined by sieving, while
the distribution of particles smaller than §5mwas determined by a sedimentation process,
using a hydrometer. Cumulative curves were prepared for all seven pit holes and the soil was

classified (Table 4.3). Moisture contents of samples taken from all seven test pits were

50



determined by ASTM D221698 procedure. Results are shown in Table 4.3. To characterize

the finegrained fractions of soil Atterberg limit tests were conducted. This included the liquid
limit test, plastic limit test and plasticity index calculation (Table 4.3) according to the
stancird procedure of ASTM D43180. Similarly, specific gravity of samples was also
determined and are presented in Table 4.3. Shear strength parameters were calculated by
direct shear test. This included the determination of cohesion (c) and angle of iinietioal

(f). Results are presented in Table 4.3.

For the sample format of detailed calculations made for and after individual laboratory test of
samples, refer ANNEX C.

4.4Description of Results from Geotechnical Studies

Pit no. 1lay on colluvialterrain(washed out soil) consisting of rock fragments of limestone,
slates and quartzite$he soil is reddish brown clayey silt with gravel and sand with gravel
18%, sand 17%, silt 38% and clay 27%. DCP result shows the bearing capacity at 2m depth of
261.2 KN/n?. Plasticity index, moisture content, cohesion and friction angles are 4.92, 18.2%,
4KPa and 24° respectively. Thickness of soil at this pit hole is estimated to be 10m from

seismic refraction survey (Fig. 4.2).

Pit no. 2 also consist colluviumvashed out deposit) with fragments of limestone, slates and
quartzites. The thickness of colluvium deposit is approximated between 12.5 m to 15 m (Fig.
4.2). The solil is poorly graded with gravel 2.8%, sand 24%, silt 47.9% and clay 25%. The
bearing capagjtfrom DCP test is 98.6 KN/f Similarly, plasticity index, moisture content,
cohesion and friction angles are 8.02, 24.7%, 12 KPa and 17° respectively.

Colluvium deposits of pit no. 3 consist of fragments of metasandstone and phyllitic slates, and
the thckness ranges from 7.5 m to 10 m (Fig. 4.2). The boulders3ahZiameter are found

(as indicated in soil profile Table 4.2). The soil is well graded with gravel 8.9%, sand 25.6%,
silt 46.5% and clay 19%. Bearing capacity, moisture content, cohesidniciwh angles are

89.4 KN/nt, 27.4%, 6 KPa and 19°respectively. Meanwhile, the soil is found to be non plastic
(Table 4.3).
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Colluvium with fragments of limestone, quartzite and slates are dominant in pit no. 4 and the
thickness of the colluvium rangesoin 10 m to 12.5 m (Fig. 4.2). The soil is brownish grey
sandy silt with clay and traces of gravels. Similarly, soil is humus and poorly graded with
gravel 2.6%, sand 16.2%, silt 66.2% and clay 15%. Bearing capacity, moisture content,
plasticity index, cobsion and friction angles are 189.8 KN/n23.7%, 5.81, 6 KPa, 17°

respectively.

Similarly, the pit no. 5 consists of colluvium with limestone, slate and quartzite fragments.
The thickness is about 10 m (Fig. 4.2) and consists of mixture of gravel and greyvsandy
clayey silt. This clayey soil is poorly graded with gravel 1.9%, sand 22.1%, silt 55.0% and
clay 21%. The bearing capacity, moisture content, cohesion and friction angles are 136.6
KN/m?, 25.4 %, 16 KPa and 16° respectively.

The coluvium of i no. 6 consist of brownish grey clayey sandy silt with traces of gravels in
which gravels are of slate, limestone and quartzites. Seismic refraction survey concluded the
soil depth to be of 10 to 12.5 m. Soil is well graded with gravel 7.1%, sand 1il786,.2%

and clay 16%. The bearing capacity at 2 m depth is 120.9 KNgimilarly, water content,

cohesion, friction angle are 19.5%, 11 KPa and 21° respectively.

Pit no. 8 is made up of brownish grey sandy silt with clay and traces of gravels and the
thickness ranges from 7.5 m to 10m (Fig. 4.2). Similarly, the soil consist boulder® of 1
diameter. The soil is poorly graded with gravel 1.5%, sand 9.8%, silt 58.7% and clay 30%.
The bearing capacity obtained from DCP is 97.5 KN\/@imilarly, moisturecontent,

cohesion and friction angles are 32.8%, 13 KPa, 16° respectively.

4.5Seismic Refraction Survey

During this study, seismic refraction was carried out along 17 prdielsthe geophone
spacing was 5mnignalsweregenerated at the two ends of firefile. Time spent by seismic
signals to reach each geophone was manually picked from the seismogram and was plotted to
obtain the travel time curve. Thus, obtained curve was used to estimate the velocities of
different layers in the subsurface, depthttie interfaces and the geometry of the interfaces
(Table 4.4) Refer ANNEX D for sample format of travel time curves preparation and raw

data obtained in this study.
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In this study the seismic velocity of soil ranges between 200 and 1300 m/s.-WaeeP
velocity of rocks is dependent on porosity, water content and compactness and degree of
weathering of the rock. Generally sedimentary rocks like shale, mudstone etc. have low
seismic velocity comparable with the compact soils. The seismic velocity of rikeks |
limestone, dolomite is very high up to 6 km/s. Metamorphic rocks like quartzite, gneiss have
very high seismic velocity. In this study, the velocity of the rocks is generally more than 2000
m/s. The layers with different velocities are correlated vtk lithology basd on surface
observations and geological observatioBased on the results from the seismic refraction

along all profiles a map of soil depth is compiled angrésented in Fig. 4.2.

The location of seismic refraction profiles are provided in Table 4.4 with location of first
geophone and last geophone. Different velocity layers and apparent dip angles of interfaces
unveiled by seismic refraction survey are presented also in Tabl¥elatities of topmost

and second layers are also provided together witlipijand dowrdip depth to the refracting

interface.

All seismic profiles are of 115m in length with geophone spacing of 5m. The topmost layer
unveiled by all seismic profiles aratérpreted as loose soil due to low velocity except for
profile Sr4 (Table 4.4) where the velocity is comparatively high and surface geological
observations favors it as compact soil. Second layers in all profiles have velocity comparable
to weathered rockHowever, in profiles Srl, Sr3, Srl12 and Srl5 the second layers are
interpreted as highly compact soils or weathered rock. Furthermore, profile Sr2 shows no
refracted pulse and direct wave velocity unveils the top layer is loose soil of thickness >25m.
(refer ANNEX D for travel time curve of Sr2).
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Table 4.4: Location of the seismic profiles and the results (Note: Sr2 showed no refracted pulse).

UTM Location of the profile (end points)

. Velocity of the| Velocity of | Inclination Up-dip depth to Down-dip depth
Profiles Geophone 1 Geophone 24 topmost layer| the second pf the the interface (m) to the interface
Easting Northing Easting Northing (m/s) layer (m/s) interface (m)

Srl 619997 3063748 | 620046 | 3063652 | 467.73 1125.59 1.79 3.6528 3.0611
Sr2 620036 3063775 | 620085 | 3063675 | 391.67 - - - -

Sr3 620098 3063777 | 620029 | 3063700 | 657.02 995.70 3.51 6.2199 5.9132
Sr4 619982 3063606 | 620029 | 3063700 | 72685 1223.14 2.42 9.9951 8.0503
S5 619982 3063606 | 619954 | 3063506 | ©90.75 996.32 7.79 11.6250 11.1067
Sré 619903 3063551 | 620000 | 3063506 | 484.11 1605.00 2.96 16.3206 10.4228
Sr7 619971 3063657 | 620040 | 3063575 | 669.06 1387.22 4.12 11.8689 10.3375
Sr8 619177 3061564 | 619130 | 3061468 | 43924 1114.86 1.90 14.5837 14.3447
Sr9 619100 3061526 | 619201 | 3061491 | 246.83 1003.49 3.12 6.5988 3.6724
Sr10 619301 3061350 | 619196 | 3061328 | 34539 1353.97 2.07 7.9709 6.5233
Srll 619196 3061328 | 619111 | 3061260 | ©22.89 1503.31 4.70 11.3597 7.7224
Srl2 619616 3061264 | 619538 | 3061338 | 366.14 884.50 5.20 5.0485 7.3
Sr13 619616 3061264 | 619674 | 3061172 | 386.02 1256.00 2.22 10.1084 5.8458
Srl4 619674 3061172 | 619727 | 3061079 | 32589 1468.21 1.98 13.5942 6.6884
Sr1s 619619 3061358 | 619579 | 3061259 | 248.29 575.11 2.26 8.0500 3.8000
Srl6 619959 3063491 | 619912 | 3063394 | 372.76 1788.72 4.65 8.8905 6.2712
SR17 619894 3063473 | 619986 | 3063428 | 375.24 860.26 9.44 5.3686 12.0000
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Fig. 4.2:Soil (or highly weathered rocks) depth map prepared from the results of seismic refraction survey. The
lithology with Pwa v e v el o c i haybedd cateQodized as 508 or highly weathered rocks. The red open
circles labeled as Phl, Ph2 etc. represent the pit holes dug for geotechnical investigation. The solid red lines
labeled as Sr1, Sr2 etc. represent the seismic profile lines along sefisahic refraction survey was carried out.
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4.6 Peak Ground Acceleration (PGA) Calculation

Based on the finite fault source and synthetic horizontal peak ground acceleration for different
scenario earthquakes has been deployed to access the PGA maytatiyharea. The soil

depth map (Fig. 4.2) is one of the most important parameter to estimate PGA. From seismic
refraction survey the layers withWave velocity less than 100m/s are interpreted as soil.

The parameters used to simulate earthquakes asenpeel in Table 3.3. The project area was
divided into a mesh of size 10mx10m and the maximum horizontal acceleration at each square
grid was searched. The peak ground acceleration is then contoured to prepare the PGA map.
PGA map due to 1943 Taplejung thgpuake 1988 Udayapur earthquake and two hypothetical
earthquakes arpresented in Fig. 4,31.4, 4.5 and 4.6 respectivelijhe length and width of

the fault of the Taplejung earthquake are 150 km and 75 km and those of Udayapur
earthquake are 39 km ar2d km (Ghimire and Kasahara, 200A synthetic accelerogram
obtained by simulating 1934 Taplejung earthquiskéhis studyis shown in Annex Easa

sampl@.

The maximum PGA of more than 150 gal (cthfiue to the Taplejung earthquake is observed
in the northeastern corner of the project arda the south and southwestern part PGA
progressively decreases below 40 gal.

The maximum PGA of more than 1.0 gal due to the Udayapur earthquake is observed in the
northeastern corner of the project area. To thehsand southwestern part PGA progressively

decreases below 0.25 gal.

The maximum PGA due ttwo hypotheticalearthquakes exceeds 10 gal in the northeastern
corner of the project area. However, the pattern of PGA distribution is differetitese two
eathquakes For H1, which is located in the northwest direction of project area, Phl to Ph3
are characterized by PGA more than 9.0 gal. In the case of H2, the PGA is different for these

pit holes.
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Fig. 4.3: Map showing the distribution of peak ground keredion in the study area due to the 1934 Taplejung
Earthquake (Mw=8.4)Open red circles labeled Phl, Ph2 etc. represent the pit holes dug for geotechnical
investigation. Solid red lines labeled Sr1, Sr2 etc. represent seismic profile lines.
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Fig. 4.4:Map showing the distribution of peak ground acceleration in the study area due to the 1988 Udayapur
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Fig. 4.5:Map showing the distribution of peak ground acceleration in the study area due to the Hypothetical
Earthquake H1 (Mw=6.0), at 50 km northwest of the project.atgeen red circles labeled Phl, Ph2 etc.
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Fig. 4.6: Map showing the distribution of peak ground acceleration in the study area due to the Hypothetical
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CHAPTER V
DISCUSSION

The soil profiles and the soil classification show the washout colluvium of the study area
comprises of clay rich soil. Moreover, the percentage of coarser particles (particularly gravel)
shows an increasing trend with the depth. This signifies thatutlg atea is under continuous
weathering and the high degree of weathering is confined to near surface conditions only, with
no other significant disturbances. Relatively high amount of clay results in low stiffness of the
soil which is reflected in the beag capacities of the soil. Similarly, the high clay content in

the colluvium also shows the effect on unconfined compressive strength, cohesion (c) and
friction angle. With such low bearing capacity, cohesion and friction angle the bearing
capacity factes are also small (Terzaghi, 1943). Which ultimately describes the soil in the
study area cannot tolerate high pressures. High amount of fine content cannot easily drain the
moisture content. The colluvial soil of the study area shows variation in moistotent and

the excess pore pressure is not likely to be dissipated from the soil. This high amount of
moisture and fine contents may have reduced the bearing capacity of the soil in the study area.
Such low values of bearing capacities will finally afféee stability of soil in terms of bearing
failure. In the case of foundation on Rbamogeneous deposit Lee (1983) suggests that the
strength of the saturated clay increases with depth. But unavailability of instrument for
sampling at greater depth hasspd problem to find the suitable depth of reasonable bearing
values in the study area. In order to estimate geotechnical parameters, at some depth where
sampling is difficult, this research work tempted to establish some correlation wigtve®

velocities

Kurtulus, et al. (2009), suggested that there exists a good correlation betwese Relocity

and plastic limit and liquid limit in clay rich soils (Fig. 5.1). However, in the study area
Atterberg limits of the clay rich colluvium soil fluctuates framne pit to another (Fig. 5.2).
Fewer amounts of observed data are noteworthy and that may have affected the further
correlation. Nevertheless, a reasonably good correlation betweavd?velocity and other

geotechnical parameters was found which wiltiseussed successively.
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Fig. 5.1: Correlation of fvave velocity with plastic limit and limigsource: Kurtulus, edl., 2009).
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Fig. 5.2 Relation between-iave velocity and Atterberg limits in the study area.
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The seismic velocityf a particular material depends on its elastic properties like rigidity,
Youngds modul us, porosity, moi sture content
increases as the soil becomes more compact and dry. Hence, there exists a significant
correlation between friction angle andwve velocity. In this study correlation between P
wave velocity and geotechnical parameters were studied. If there would have been large
amount of data then the statistical correlation will be much more precise,, lieadétle
disperses of data can be attributed to this limitations. Similarly, sample tested in laboratory is
disturbed one that may have affected the test results. Fig. 5.3 shows the correlation between
moisture content and-Wave velocity. The correlan co-efficient is-0.94 which shows data

are highly correlated and as the moisture content decreaseswtaeePvelocity increases.

This signifies that increasing moisture content (and increasing pore water pressure) in the
study area, softens the elastnineral frame by opening cracks and flaws, trending to low
velocity. Decrease in velocity with increasing clay content is also noteworthy; this is the result

of low stiffness of wateclay aggregates or sediments.
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Fig. 5.3 Correlation between-Ravevelocity and moisture content.
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Similarly, unconfined compressive strength (UCS) obtained fromsitin direct cone
penetration test was correlated withwBve velocity (Fig. 5.4). There has been much work
done in correlating UCS with-Rave velocity for diferent works (Bery and Saad, 2012 and
Sheraz, et al., 2014). However, in solil it is still not well constrained. This study showed that
the correlation coefficient (0.74) such that there exist a significantly good correlation between

UCS and PRwvave velocity As the strength of colluvium increases thavde velocity also

increases.
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Fig. 5.4 Correlation between-Rave velocity and UCS.

Likewise, there have been relatively few attempts to find relationship between friction angle

(9) and geophysical log measurement because of the fact that even weak rocks have relatively
high «, and there arecomplex relationships (Chang ef., 2006). Nomtheless, some
experi ment al evidences shows that materials
possess a higher (Chang etal., 2006). Fig. 5.5 shows the correlation betweenake
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velocity and friction angle in the study area with correlatioefficient 0.70, which shows the

data are reasonably fairly correlated. As the friction angle increaseswheePvelocity also
increases.

To relate porosity with fvave velocity, equation 14 is modeled for different material velocity
(Vm) keeping fluidvelocity (V) fixed to 1450 m/s. All together five models are prepared with
values of \\ = 1545, 1550, 1560, 1570 and 1575 m/s. Porosity is calculated for different P
wave velocities ranging between 300 and 1400 m/s. An exponential relation is dbfeerve

the synthetic data (Fig. 5.6All these lines converge for high-#ave velocity indicating
porosity does not change significantly after a particulawake velocity (~1400 m/s).
However, the observations were few the datasfgsificantlywell with themodeled with W,

1560 m/s. In this study the soil is assumed to be fully saturated however, field observations

and laboratory data indicates soil is not saturated. The misfit between observed data and the
model can be attributed to this limitation.
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Fig. 5.5 Correlation between-Rave velocity and Friction angle.
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Fig. 5.8 Relation between ®ave velocity and porosity. Solid lines blue, red, green, orange and purple are
modeled curves for material velocity {1545, 1550, 1560, 1570 and 1575 m/s respectively. Solid circular dots
represent observed data.

There exist significant correlation between velocity and porosity for unconsolidated sediments
(Schon, 1983). But much of the works are confined to contihéstrace/shelf and slope and
permafrost areas. Hamilton et al. (1982) derived the second order polynomial in order to relate
the Rwave velocity with porosity for continental terrace/shelf and stmaktments. This study
shows arexponential relation ishe best correlation betweerwRwve velocity and porosity.

This variation may be attributed to the difference in soil type from different landform.

This research work tempted to attempt the level of peak ground acceleration (PGA) in the
study area takingl934 Taplejung earthquake, 1988 Udayapur earthquake, and two
hypothetical earthquakes. The former two were used because these are the major earthquakes
that caused huge damage wrackihavoc in Nepal (Bhattarai e, 2011). The PGA
distributions due to smario earthquakes show that the PGA reaches maximum at northeastern
corner of the study area whereas the south and southwestern part PGA progressively
decreasesThis difference in PGA distribution can be attributed to varying soil depth of the
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study aea where northeastern corner consist greater soil thickness as compared to south and
southwestern part. As compared to the earlier work in regional scale by Bhattarai et al. (2011)
the computed values of PGA in this study are lower. This difference maytriimuted to
number of sources considered for computation and scale of the study.

The difference in spatial distribution of PGA in the study area due to the earthquakes of same
magnitude, epicentral distance, and degpiio hypothetical earthquakes attributed to the
directivity of seismic waves and damping effect of the sediments in the Kathmandu basin.
Since, the seismic waves propagate towards southwest from H2 and encounter overwhelming
sediment deposit, the real input motion at the projéetsust have significantly changed with
respect to the waves from HEig. 3.17) On the other hand, seismic energy from H1 travels
southeast and reaches the project site before penetrating the valley sedieakt&round
Acceleration (PGA) due to scemararthquakes suggedtsat for mega quakes trerea is

prone to high seismic hazard. The PGA in case of M>8.0 earthquake may exceed 150 gal
(~0.15 g) in the area with an epicentral distance more than 100 km. For small but strong
events the PGA hardly refa 15 gal (0.015 g). The simulation of PGA shows that the seismic
hazard in the area is high for the earthquakes located to the northeast relative to that in

northwest.

Ground response isstimated usinginear apprach with a single layer of sadssuminghe
maximum thickness (including top soil and highly weathered rocks) of 60 m and 30 m in the
northern and southern part respectively in the project area. Based on the velocity structure
obtained from seismic refraction survey, an averaga® velocityof 650 m/s is considered

while computing the ground respons&he results (Fig. 5)7 show the maximum
amplifications of 13 and 12 with 5% damping in the northern and southern part respectively.
The amplification factor decreases with the higher value wipitlag factor. The fundamental
frequencies associated with the maximum amplification factor in the northern and southern

part of the profile are 9.7 ad8 Hz respectively (Fig. 5.7
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CHAPTER VI
CONCLUSION

Based on the present study focused in the geotechnical and geophysical investigations with
PGA estimation of the Kathmandu Fun Park Project, Thankot, Kathmandu following

conclusions are made.

The study area lies on the washout colluvium deposit with high amount of moisture and fine

content suggesting low bearing capacities. Hence, the soil is weak.

Depth to the bedrock, geometry of the subsurface interface and velocity distribution in the
subsurface was determined by seismic refraction survey. Thickness of soil was used in PGA
calculations. Similarly, the #ave velocity and geotechnical parametesshibit good
correlation. The results of the present study with further correlation betwewdPvelocity

and geotechnical parameters at different locatiorssiofi colluviumsoil (in Nepal Himalaya)

serves the best model equation for determination ofi ggeotechnical parameters from P
wave velocities (for the area where soil sampling is difficult to conduct). The present study
shows the following relation betweenwve velocity () and moisture content (w),

unconfined compressive strength (UCS) ainctitbm angle ).
w =-0.0324\) + 42.56

UCS = 0.0229x°024vp

«=0.0149V, + 10.36

Modeled relation betweenkave vel ocity and porosity (A)
= 132.58&-093VP at fluid velocity 1450m/s. The modeled relation shows the material

(colluvium) velocity in the study areia 1560m/s.

The simulation of PGA shows that the seismic hazard in the area is high for the earthquakes
located to the northeeelative to that imorthwest which might be assigned to soil thickness
and basin effects of Kathmandu valley. Large earthquakes (M>8) may generate PGA up t0150
gal in the area. With 5% damping the amplification of ~13 was found in the frequeargsy
between 9.7 and 4.8 Hz.
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ANNEX A: In-situ DCP Tests

(ANNEX A includes only sample format)



DYNAMIC CONE PENETRATION TEST (DCPT) 1 Pit No.1

Project: Kathmandu Fun Park

Date: July 5, 2013

Location: E00619996\03063632

Start Layer: 2 meter down from surface

TestNo.: DCPT 1,2,3 PitNo.: 1 Zero Error (mm): 0

DCP Test Results,i g 1
No. of blows
-200
) 140 20 30 40 50 60 70 8 90 100 110

0
s
E 200 « DCPT1
[ « DCPT2
©
*§ 400 « DCPT3
3] 00 » Average
GCJ ”‘“Ouu.m g
&’ 600

‘::::0...’.‘-“‘\\
800 o tenn,
1000

Figure IS 1.1: DCPT Results of Pit No.01




Details of DCPT 1 Soil Layers Average
1 2 3 4 5 6

Layer Bottom depth 185 240 495 660 780 813

Thickness (mm) 185 55 255 165 120 33

Strength(mm/blow) 12 4 9 11 8 3

CBR BY TRL R.N.31 21.2 76.6 314 23.9 335 85.5 45.4

CBR BY KLEYN & VAN 17.2 81.4 27.6 19.9 29.9 93.0 44.8

UCS (DCP Strength), Kpa 187.6 | 705.0 | 280.5 2125 |300.6 | 789.3 |412.6

UCS (TRL R.N.31), Kpa 220.7 |682.9 | 311.0 2454 | 330.0 | 752.0 | 423.6

UCS (KLEYN & VAN), Kpa 183.4 | 7204 | 277.9 208.6 | 2985 |809.5 |416.4

BEARING CAPACITY* 198.9 | 466.5 | 257.7 2155 | 269.5 |501.7 | 318.3

BEARING CAPACITY** 173.0 | 485.7 | 236.7 190.6 | 249.9 |530.4 |311.1

Details of DCPT 2 Soil Layers Average
1 2 3 4 5 6

Layer Bottom depth 214 340 442 816 921

Thickness (mm) 214 126 102 374 105

Strength(mm/blow) 14 8 7 8 11

CBR BY TRL R.N.31 18.2 31.8 39.8 31.9 25.2 29.4

CBRBY KLEYN & VAN 14.3 28.1 36.8 28.2 21.1 25.7

UCS (DCP Strength), Kpa 160.1 | 285.1 | 358.9 285.9 | 2235 262.7

UCS (TRL R.N.31), Kpa 192.7 | 315.3 | 383.8 316.1 | 256.2 292.8

UCS (KLEYN & VAN), Kpa 155.7 | 282.6 | 358.5 283.4 | 219.8 260.0

BEARING CAPACITY* 179.6 | 260.4 | 302.0 2609 | 222.7 245.1

BEARING CAPACITY** 152.9 239.7 286.9 240.3 198.3 223.6

Details of DCPT 3 Soil Layers Average
1 2 3 4 5 6

Layer Bottom depth 152 370 457 473

Thickness (mm) 152 218 87 16

Strength(mm/blow) 10 7 6 2

CBR BY TRL R.N.31 26.1 37.1 47.1 164.5 68.7

CBR BY KLEYN & VAN 22.1 33.8 45.2 205.3 76.6

UCS (DCP Strength), Kpa 232.4 | 3339 |426.8 1549.7 635.7

UCS (TRL R.N.31), Kpa 264.9 | 360.9 |445.0 1337.3 602.0

UCS(KLEYN & VAN), Kpa 228.8 | 332.7 |428.9 1625.6 654.0

BEARING CAPACITY* 228.3 | 288.3 | 337.7 774.7 407.3

BEARING CAPACITY** 2045 | 2712 |328.4 897.6 425.4




Details of average of pit no.01 Soil Layers Average
1 2 3 4 5 6
LayerBottom depth 159 624 754
Thickness (mm) 159 465 130
Strength(mm/blow) 12 7 6
CBR BY TRL R.N.31 214 | 37.2 48.9 35.8
CBR BY KLEYN & VAN 174 | 33.9 47.2 32.8
UCS (DCP Strength), Kpa 189.1 | 334.2 443.2 322.2
UCS(TRL R.N.31), Kpa 222.2 | 361.2 459.6 347.6
UCS (KLEYN & VAN), Kpa 184.9 | 333.1 445.9 321.3
BEARING CAPACITY* 199.9 | 288.5 346.0 278.1
BEARING CAPACITY** 174.1 | 271.4 338.2 261.2
N
> DCPT 2
2m
O DCPT1 ||~
o DCPT 3
2m

Figure IS 1.2: Sketch of Pit No.01

TRL R.N. 31 equationlogio(CBR) = 2.481.057*log.o(Strength)
Kleyn equationlogio(CBR) = 2.6321.28*logio(Strength)

UCS (From DCP Strength) = 2900*(Strengt§

UCS (From TRL R.N. 31) = 15*CBH®
UCS (From KLEYN & VAN) = 15*CBR88
Bearing Capaty* = 26.16*(CBRf%¢in Kpa

Bearing Capacity** = 26.16*(CBR¥°in Kpa

[CBR by TRL R.N. 31]
[CBR by KLEYN & VAN]




ANNEX B: Soil Profiles.



SOIL LOG OF KATHMANDU FUN PARK PROJECT

Project : Geotechnical Investigation
Pit No..: 01

UTM Easting: E00619996

UTM Northing: N03063632

Depth Soil

Sample no. (cm) Legend

Soil Description

0.00
10.00

20.00
30.00
40.00
§ —r 50.00
60.00
70.00
- Pit01/02 A 80.00

90.00
100.00
{ =)  110.00
120.00
130.00
140.00
150.00
160.00
170.00
180.00

190.00
200.00

Top soil, black to dark brown in color, humous

L Pit 01/01 A
Pit 01/01 (ORGANIC CLAY)

: | Brown in color, with few nodules of pebbles, highly |
weathered, clay rich soil (COLLUVIUM)

Brown in color, angular gravels of fine grained

[ B0 " sandstone, clay rich gravelly soil (COLLUVIUM)

Fig. SP1 (a)
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SOIL LOG OF KATHMANDU FUN PARK PROJECT

Pit No.: 02

Project : Geotechnical Investigation

UTM Easting: E00619964
UTM Northing: N03063551

: Soil ; a0
Sample no. [();F:)h Le gén d Soil Description
000 B0
10,00 — 5:?) i
L pit 0201 4 30'00 _§ i',:’/:'(fjfl,'-{;‘i& | Top soil, black to dark brown in color, humous, with |
' ' = ’;‘%’5:"?"’«-." few pebbles(ORGANIC CLAY)
4000 SIS
E ko
50.00 E TS 7
o —r 60.00 — * "
7000 —
80.00
90.00
100.00 Brown to dark brown in color, with few pebbles and
- Pit 02/02 - e gravels, highly weathered, clay rich soil 1
11950 (COLLUVIUM)
120.00
130.00
140.00
+ — 150.00 "
160.00 .
8 “'o|| Brown to dark brown in color, angular gravels and
| pit 0203 4 170.00 || pebbles, proportion of gravels and pebbles greater |
e 180.00 than second layer clay rich gravelly soil
190.00 (COLLUVIUM)
200.00

Fig. SP1 (b)
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SOIL LOG OF KATHMANDU FUN PARK PROJECT

Project : Geotechnical Investigation
Pit No.: 03

UTM Easting: E00619946

UTM Northing: N03063499

Depth

Soil Description
(cm)

Sample no.

0.00
10.00

20.00
{— 30.00
40.00
50.00
+ Pit03/02 4 60.00
70.00
80.00
- r 90.00
100.00
110.00
120.00
130.00
140.00
150.00
160.00
170.00
180.00

190.00
200.00

Top soil, black to dark brown in color, humous, with few

- Pit03/01 -+ pebbles(ORGANIC CLAY)

1 | Brown in color, with few gravels, highly weathered, clay rich |
soil (COLLUVIUM)

“| L brown in color with a large boulder and gravels, clay rich soil |

L Pit 03/03 - (COLLUVIUM)

lIlllllllllllllIllllllllllllIlllllllllllllllllll]ll[ll Illlllllllllllllllll lll]ll

Fig. SP1 (c)
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Fig. SP1 (d)



