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Measurements of crustal deformation in India

P. )/. AGRAWAL

School ofResearch & Trainingin Earthquake En./{w tring, Unitersity ofRoorkee, Roorke

A BST RACT. Development of instru ments for the purpose of measurements of crustal deformation at
suita bly selected loca tions in Ind ia was sta rted in 1967 at the School of Research and Tra ining in Earth ·
quake Engineerin g, University of Roorkee. Now several permane nt o bservatory vaults have been co nstructed
and limited measurement done empl oying the instruments developed. The basic considerati ons influencing
the plan of such measurement s in the field ha ve also been studied in detai l. The paper briefly outlines the
sa lient feat ures and the present sta tus of these stud ies.

1. Introduction

The design and development of" Portable water
tube tl ltmeter" was taken up at the Schoo l of
Research a nd Training: in Ea rt hquake Engi
neerin g, U niversity of Roorkcc, in early 1967.
T his marked the beginning of research directed
t o the observat ions of the defon nation of the ea rth's
crust at suitably selec ted locat ions in Ind ia. T he
p ossible applica tion of these studies to the problem
of earthquake prediction (Agrawa l a ud Arya 1974)
has been the main lon g term objective in the plan
of work . Field measurem en ts were first started
in 1968 using the initiall y developed portable
water tu be tilt meter 10 determi ne the creep
along a pla ne of sub-rece nt move ment in the close
vicinity of K rol thrust a nd a lso X ah an thrust,
bot h these loca tions being ncar Dehradun. The
studies received a great impetus ill 1970 wh en
under the agreemen t 1'\0. ] -35153, finan cial assis
ta nce wa s received for this wor k th rough U.S.
PL-480 rupees funds. T he design of th is instru
ment has been im proved in va rious stages lakin g
adva ntage of the field experience gained through
the use of initi ally developed system . The work
of development of invar-wire strainmc tcr an d silica
tube strain mcters was taken lip in 1970 an d their
first field appl icat ions were in 1972 and 1974
respec tively. Since then these systems have been
used a t several import ant local ions. Permanent
observatory vaults arc being: set up at Pophali
{Maharashtra}, K alawar (U . P.), Harabagh
(Himachal Pradesh) an d Bar apani (l\I egha laya).
A special vau lt has been huilt at Roorkee to permit
extensive tests on the performance of these sys
tem s before their field usc. T he salient fea tures
and the present status of these developments arc
briefly given in this paper .

2. Portable water tube tlltmeter

Th e design of the ' Portable wa ter tube tilt
meter' initia lly developed at Roorkce (Agrawal
a nd Ga ur 1968) was somewha t similar to the one

described by Eton (1959). The micrometer spindle
which was made of har dened mild steel was di rcctlv
in contact with the wat er . Even d uring its 1I~
extending over short interval it was fou nd that the
water entered in the capilla ry space between the
micrometer spindle and its gu ide. Naturally ,
after each field use the micromete r assembly had
to be dismantled and clea ned, This led to rapid
wearing of the micrometer spindle and its gui de
a nd introdu ced undesired er rors in the repeat
measurement s on accou nt of appreciable changes
in the system errors. The finally developed
system in Fig . 1 employes a water leak proof cell
to prevent the entry of wa ter int o the micrometer
spindle eve n if th e system i~ kept conti nuouslv
filled with wa te r for long te rm usc. The' chang~
in t h e system errors with long term fie ld usc has
been avoid ed 10 a considera ble extent by the
a rra ngemen t. In its latest design the system
has become suitable even for permanen t insta lla
lion for periodic rcading in the spec ia lly built
underground vaults. Th e system when opera ted
by a spec ial ly train ed observer can permit easy
resolu tion of relative vertical displacements up to
± IOJ!. TIl e instrument has been used at
K alawa r ncros•.\ a plane of sub-rece nt movements
a nd Nah an thrust (Agrawa l and Ga ur 1974);
at Poph ali an d Koyna (Agrawal 1971 ) a nd
Pandoh (Agrawal, Ku mar and K ulshrcstha 1975) .

3. Inyar.wlre5trajnmeter

The "Inver-wire strainmeter ' is the same as
design ed a nd developed at Cambridge (Ililham
and K ing 1970) . The instr ument has been found
suitable for a pp lications ",'here measurements
have to be continued only over limited time a nd
not for long term , This is because of permanent
changes in the standard length of the wire used in
the system for the purpose of the relativ e measure
ments. The system has been used successfully
for field meas ureme nts at Kalawar (Sinvhal tI ai,
1973) a nd Pau doh (Agrawal, K um ar a nd K ul 
shreshtba 1975).
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