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- Intreduction ’ :

-1t is 3 useal practive througheut the woﬂd-wamden coumtsy ints various zenes showing
the expected earthquake effects or dumages in terms-of ‘Modified Mercalli intensiios, Mape
of regions showing such zomes, the 3o cailed Seismic Zoming Maps, are usually inohuded in
building codes to be mdbyudeugnmrferuﬂhq@nhe retisant design of stractures.
‘Parthquake damage, however, & ‘a complex fonction of wny parametens viz,, seimmicity,
s0il type, water table elevation, geciogy snd the typeaf swustures.” '

In the case of a large city -within the area of which - éhere inay«bn no significant differences
n-seismicity, the earthquake ‘damage is mostly controlled by soil conditions and extremely
foeat geology. The influence of soil type on the extent, kind and amownt of damage canead
by earthquakes: is very well demonstrated during the 1934 Bihar - Mopal, 1950 Assam, 1964
Alaska, 1964 Nngata, 1967 Caracas snd 1971 San Pernando earthquakes. There are thyoe -
a;guﬁeznt ways in which soil deposits in an area contribute to damage. These are hiquefac-
“tion, loss of strength and damiﬁcmon The -intensity of these effects critically depend on
such factors ms confining pressure, water table elevation, permeability, relative density,
granularity, thickness of soil layer:, porosity etc. {Gaus & Sheriff, 1972). Shallowness of
water table has been ‘smocisted with ‘increased earthquake intensity. It has been suggested
that earthquake intensity is.a functien of scoustic impedance of geologic materials. - -

“Thus, for microzonation purposes, data on layer'iicknesses, depth to bed rock, depth
to water table, wave velocities, dynamic elastic modulii, etc. are required. A basic require-
ment of microzonation work is that in-situ data are needed. It is mot. possible te drill enough
boreholes to study the layering and to ocbtain subsurface samples for testing. This calis
for indirect means-of determining the depth and‘layer thickness parameters. Moreover for

: :mm}xenmon considerations, the parametersdetermined shipuld have eagineering significance.
“Fhe.values "of the parameters of interest should- be related to-the mechanical properties of
soit and rock with part:cuhu- emphasls on their dynaxmc aspects of those pmpntm (Mu.rphy

" 1978}

“The above  considerations adequately suggest the wltabihty of pophyncal methndl for
obtammg the kind of data required by engineers engaged in microzomation work. The
fequirement of dynamic values of certain mechanical properties e.g. shear modulus, suggests
the use of seismic methods and their borehole. Of the other geophysical methods, only the
electr:cnl resistivity method is of some s:gmﬁcanoe for determmmg depth to water table.

The Selsmic Methods (Surfaoe)

Of the two major types of seismic methods in.current use, the seismic refraction method
and the seismic reflection method, the former is more suitable for engineering applications,
'I'lm in befame of the &et that it s poauble to measure directiy the wave velocity. In seismic

WL Depmmen of. Ganhgy and- Gcephyml, University of Rmkee. Rootkee (India)
2 Department of Easthquake Engineering, Universiiy of Roorkee, Rigorkee (India):



118 " Bulletin of the Indian Suciety of Earthguaks Technoiogy

refraction method P wave . velocisiés are mensurod slpgwith depths 1c._bed rock and layer

The imtrumm ited for- sebific Tarteys Dave i vl o 4 & high degree of
sophistication ‘because of their wide spresd use is sitrolewin -exploration.  For engineering
purpess, however, portable instraments” of lew cost BiVe" been developed. A six or twelve

o i

channe} fleld seismograph is quite sufficient for shallow lavestigations. T
- For microsotiation purposes,  seismic:surveys -are sequichd to be done in highly congested

and typieally urban areas. . This restricis. the we-of dynemite and. requires greater use of
-non-dynamite sources.of enbigy e.g.  air guns, wéight: dropy; -gas exploders, vibrosels, etc.
‘With some of these energy. sources ¢:¢. vibroleis, mew teclindues of data proceming and signal
-anhancement can: be used. Special- attentiol is. required 16 be paid toseme other facters
which are the productof city eonditions e.gi, trafic intecference, near surface Jlocalisad
-conditions due 10 buildings and tremwh excavation, and backflling etc. L

The seismic refraction metholl 'hé Seen ' modified 0 .8 to measure directly the shear
wave velocity. Inome such niodification & Birdirectional energy spurce such as a sledge’
hammer striking. steel plates in oppatite- sidesof a test pitis employed. Horizontal rather
‘than vertical grophones are employed with -their sensitive axis aligned in a horizontal m
transvérse to the direction of .wavs travel. Other details regarding plotting of time-distiig)
curves and interpretation.of results:ars the same. The penetration of the method can ' be
.increased by increasing the' intensity of the énergy soureeand. spread length. This method
is subject -to all the limitations of conventional method. TFhe seismic refraction methods can
‘be advantagecusly used under conditibns when these iv sufficient working space to achieve
the desired penetration. With noo~dyaamite emergy. sources they do not réquire to drill
‘holes, and are. thus least expensive for obtaining -seismic velocity: daia beneath the site to
-sufficient depth (Schwarz and Musser, 1972), ..~ - o

Although seismic refraction method has received - greater attention, attempts have hisn
mads to use reflection. method for shallow investigations. Attempts have been made to use
bammer blaw .equipment and _identify refiections. Spacial instruments have been developed
for this purpose which pick up refiections sad discriminate against other events such as
.vofractions, etc. {Meidav, 1969)., ' i A
-Bore Hole Méthods o - L ] e

Seismic velocity logging has been used for shaliow engineering applications, e.g. for
determiining in-sitis elastic properties in Iayered media and in other soil studies (Swain 1962),
In-situ measurements ot P and -8 wave velocities of the ground have come to take an

- important significance, as being the fundamental data which evaluate the dynamic characteri-
ttics of the ground. ‘ - : '

In microzonation work, measurement of in-situ shear. wave velocity.is. an improtant
problem. A special borthole method calied cross-hole methed has been developed. In
this method the time for body waves to travel along a horipthital -path between two points
in& 0if maus is measured. Body waves are generated by'a vertital impuive applied at the
bottom of one borehole. The arrival of energy in ths form of P and'8 waves is monitored
in a second borehole with a vertical velocity transducer. - Kuowing the distance, the wave
velocity can be calculated. The knowledge of the twe wave velocities enables us to determine

_the Poisson’s ratio. The wmethod can be . used: for boreholesof different depths and thus
variation of velocity with depth can be determined {Stokoe & Woods, 1972): -
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- A miedifieation of crosliolé method Jas bean daveloped for:: iaidina-messuremant of shear
modulus of soil depesits. - This techuique -utiliies »: continucus vibrasery high enargy driving
source with “velocity transducers: isi:adjacent holes: | Shear waves are generated st dopth in
the form of sitie waves iii one borehole. and: their chammcteristior are measured Horisontally in
two adjacent holes. A largé emergy vibratorf source is used:so.:that the soil mass may be
subjected to strains approaching earthguake levels. The straing, shear wave velooity and
the: dynamtic shear modutus are deteimined from the meunsurements: (Miller and Brown 1972),
The croushole method s especially uieful ‘st Jocations where there s no nifficiéat space
to eonduct a seismic refraction survey and where ‘data is required at' relatively shatlow
depths. Locations where high ambient seismic backgronnd noise is prevalent are suitsble
for cross-hole method. When measurements are made Neara seismic interfage, significant
errors may be introduced by the occurrenceof refracted rather than direct travel paths
between the energy spurce and geophone. This method' iy comparatively expensive because
of the number of drill ‘holes required and the' necessity to keep a drill rig on site o decpen
“*itie hole. , o i o S
~ Ancther borehole method, khown as Down hole muthod has been developed to measure
in-situ shear wave velocity, It uses a revemible Bi~directional energy source located at the
ground surface near the top of a drill hole. The seismic energy is recorded at various
elevations in the drill hole using a horizontal geophone oriented in the same plane as the
axis of the energy source. - The geophcnes are firmly clamped in the drill hole to provide
good coupling. - Two seismic recordings aye made with energy. impluses to the right and
feft using & single geophone. The process is then repeatad with the geophone moved to other
‘elevations (depths) until & complete set of data is obtained throughout the. entire length of
the drill hole. Seismic data is obtained from which both velocities of P & 8 can be
determined. Correlations between material changes and velocity changes can then be made.
This technique yields better average seismic velocity data in stratified media than obtained
either from the refraction or the cross hole method. A Jow velocity stratum lying between
higher velocity strata can also be detected by this method (Schwarz and Muwer, 1972).

~. The Down hole method is comparatively inexpensive because a single driil hole is
required and a drill rig ismot required to standby at the site while measurements ara being
~  made. From measurements in 242 holes spread at different places in Japan, Imai (1877)
- found a relation in the variation of P-wave and S-wave velocities with the geology and il
_type, in regard to Aljuvial, Dituvial and Pliocene Tertiary deposits.  On further examination
_of data, a fairly good correlation between S-wave velocity and engineering properties of

soils, such as N-value of standard penetration test or unconfined compressive strength, was
also found. Sl

- Elnstic Modulil as a Fanction of Strain . | :
The elastic properties of near surface esrth materials ie.; toils, are found tobea
function of sirain induced in ihem: This is Uspécially the case with the level of strain
induced by strong earthquake motions. ‘The strain dependence of -elastic modulii of soils,
especially their shear modulus, is in turn controlled ‘by.the in-situ structure of soil and the
natural state of stress. The insitu determination of elastic modulii of soils is important from
this point-of view,: viz., thie inesitu striscture of soils’ is Pféserved and the necessity of knowing
the natural state of stress is eliminated. o o o
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The wave propagatien methods of determining initn elastic ‘properties of ssils iavolve
strwin icveis:-of the order 8104 peroent-or-desswhith sée comigaratively low. In the Iaboe
ratory, - tise Hetermination of shear modudus san e made at vasiousastrain levels.  Tronceso
ot al. (#977) have described wawe poopagation.experinents in the field by impule generated
shoar wave velocily measuremsents. The shesir straims st the point of measirement was
estimated a1 & ratio of the welocity of & soil particls moving perpendicwiar to the dn'ec!nn
of wave propagation to the wave velocity. .As aresmivofthese tests, it smerged that'shear
modulus decreases with an increase in the shear strain level. This decrease in shear modulus
is different for different soils. The oversconsolidated soils havs.larger values of shear modulns
than normally loaded soils, ' _ :

Electrical Resistivity Method

~ It has been suggested that earshguike intensity increases when depth to water table
decreases (Gauss & Sheriff, 1972). A .knowledge of depth to water table is thus esentia] in
microzonation work. The depth to water table can be determined easily by electrical
resistivity method which depends upon differences in electrical conductivity of saturated and
unsaturated rocks. The instruments uped for conducting the electrical resistivity survey, ta
feld procedures adopted and methods of data processing, are the standard ones and the

resuits obtained from such surveys are fairly reliable,

One important sspect of msicrozenmtion work is that ‘the dynamic elastic modulii vahums
should be obtained at strain levels experienced -during earthquakes. Most of the methods
described above fail to meet this requirement. The siastic modulii of soils depend critically
on the strainy induced in them. The dats made avaiiable by the geopbysieal methode have
to be modified sccording to properly developed scaling laws.

Concluding Remarks

The geopliysieal methods appropriate for microzonation purposes have been described
and their suitability examined frem the engineering view point. Itis felt that with newer
developments in geophysical technolagy move coafidence will be placed oa the efficacy of
geophysical methods in solving problems of engineering significance, :
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