NATURE AND SHEAR BEHAVIOUR OF CARBONATE SOILS

By

MANOJ DATTA

A thesis submitted to the
Indian Institute of Technology, Delhi
for the award of the degree of

DOCTOR OF PHILOSOPHY

DEPARTMENT OF CIVIL ENGINEERING

INDIAN INSTITUTE OF TECHNOLOGY. DELHI
MAY 1980



CERTIF ICATE

This is to certify that the thesis entitled "NATURE AND
SHEAR BEHAVIOUR OF CARBONATE SQILS", submitted by Mr.MANG3 DATTA
to the Indian Institute of Technology, Delhi, for the award of
degree of DOCTOR OF PHILOSOPHY is a record of the bonafige -
researcih work carried out by him. Mr. Manoj Datta has worked
under our guidance for the submission of this theéis, which to

our knowledge has reached the requisite standard.

The thesis or any part thereof, has not been submitted
to any other University or Institution for the auard of any

Degreze or Diplaoma.

Prof. Shashi K. Gulhati
Professor and Head
Department of Civil Engineering
Indian Institute of Technology, Delhi

Dre G Uenkéfappa Rao, -
Assistant;ﬁroﬁgSSOELw*
Department of Civil Engineering
Indian Institute of Technology, Delhi

ii



ACKNOULEDGEMENTS

The euthor is sincerely grateful and deeply indebted to
his guides, Prof. Shashi K. Gulhati, Professor and Head of
Civil Zngineering Department and Dr.G.Vcnkatappa Rao, Assistant
Professor of Civil Engineering, from whom he received systematic
guidance and constant help and encouragement during every stage

of the research worke.

The author is specially thankful to Prof. T. Ramamurthy,
Professor of Civil Engineering, for his continued interest in
the researcih problem and his invaluable suggesticns, fram time
to time, on the crushing behaviour of granular soils. Many help=~
ful discussions were held with Dr. S.L. Aggarwal and Dr. P. G,
Rawat of Engineers India Limited and theo author is grateful to
them. For the numercus valuable comments offered to him by
Dr. R, Kaniraj and Mr. KK Gupta of Civil Enginecering Depart-

menty; the author expresses his appraciatione.

The author is thankful to scmz of his collcaéues and to
some faculty members of departments othcer than Civil Engineering
for having helped him in his experimental warke. Thesz include
Or. GWwWe. Jere and Mr. CeS<R. Murthy of Chemistry Department,

O

Or. H.S. Randhawa and Miss U. Varshney of Physics Department,

and Mr. Rajesn Saxena of Textile Technology Department.

iii



iv

Thc assistance given by the staff of the Soil Mechanics
Laboratory, The Highway Engineering Laboratory, The Civil
Enginecring Workshop, the Instrumentation Laboratory, the X-Ray
Diffraction Laboratory, the Scanning Electron and Transmission

Electron Microscopy lLaboratories is acknowledged.

The assistance given for procuring samples of carbonate
soils by the Ministry of Shipping and Transport, 0il and Natural
Gas Commission and Engineers India Limited of India,as wcll as
by M/s.McClelland Enginecrs Inc. of U.S.A. and Singapore is

gratefully acknowlesdged.

The author is thankful to his fellow research scholars as
well as to all others who provided help during the preparation

of this thecsise



ABSTRACT

Carbonate soils are encountered on about 35 percent of the
ocean floor, both, in the deep sea as well as on the continental
shelves. They are found in abundance off the east and west
coasts of India. The engineering behaviour of carbonate soils
has been a subject of study only in the recent past. A revieuw
of literature reveals that, (a) there exists ambiguity in clas-
sification of such soils and many different terms of geeclogic
origin are being used to designate the same soil, (b) there is
inadequate data on shear behaviour of carbecnate sands, which it
is believed, will differ from that of non-—carbonate terrigenic
sands on account of the former's higher susceptibility to cru-
shing or on account of cementation in carbonate sand strata;and
(c; piles driven in carbonate sands shoy peculiar behaviour -
more speciiically ¢ low axial capecity, low resistance to dri-

ving and increased resistance to redriving after stoppages.

In view of the inadequate appreciation of behaviocur of
carbonate soilsy, a laboratory ﬁest programme was designed , in
which eight carbonate sands and four fine yrained carbonate
soils were investigated to s
(a) Study the nature of carbonate soils and identify parameters
relevant for classifyihg them from an engincering vieuwpoint.

This was done by studying the engineering behaviour of the soils
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in relation to their carbonate content and mineralogy as deter-
mined by chemical analysis, X=-ray diffraction analysis and in=-
frared spectra analysis; as well as in relation to the form of
existence of carbonate material as studied through a scanning
electron microscope.

(b) Understand the shear behaviour of carbonate sands with par~
ticular emphasis on evaluating their susceptiﬁility to crushing
under stress and to isolate the influence of crushing on shear
behaviour. This was achieved by performing drainmed and undrai-
ned triaxial shear tests on carbaonate sands at low and elevated
cell pressurcs as well as by performing cyclic triaxial tests
and static sand-to-steel dircct shear tests at low confining
pressures.

The thesis also attempts to rationally explain the observed ba-
haviour of piles driven in carbonate sands and reviews the
existing design practice of estimating toz axial capacity of
piles driven in such sands. This was donec on the basis of re-
sults of tests listed above as well as through a review of lite-~

rature on pile load tests in cemented carbonate sands and chalk.

The investigations conducted to study the nature of carbo-
nate soils show that in coarse grained soils, skeletal carbo-
nate particles are of ten characterised by the presence of large
intraparticle voids and thin walls, whereas nonskeletal carbo-

nate particles do not have intraparticle voids and are usually



round/oval in shape or comprise of a conglomeration of small
grains cementcd together. In fine grained soils, carbonate ma-—
terial was observed tc exist as nonskeletal needles or coating
and it was sometimes responsible for microlevel cementation,
resulting in the formation of coarser aggregates. Skeletal
carbonate soils contained calcite and aragenite as the carbonate
minerals uwhecreas nonskeletal carbonate scils contained dolomite

also.

Laboratory tests conducted to study the particle crushing
and shear bchaviour of carbonate sands reveal that skeletal
carbonate sands with large intraparticle veids and plate-like
shell fragments crush ecasily whereas nonslkcletal carbonate sands
do not crush readily. Nonskeletal carbonate sands with low sus-
ceptibility to crushing behave quite similer to non-carbonate
terrigenic sandse. The behaviour of skeletal material which cru-
shes readily, is markcdly different from that of non~carbonate
terrigenic sandse. For example ¢
(a) During drained shear, crushing causes the dilatancy rate at
failure to éhange from positive to negative with increasing con=
fining stress, and hencc results in a significant reduction in
the drained angle of shearing resistance.

(b) Dur ing undrained shear, crushing causes the pore water pres—
sure responsc to change from negative to positive with increasing
confining stress; without significantly altering the undraincd

angle of shearing resistance.



(c) Crushing of particles results in reduced drained and undrai-
“ned strzngths at elevated confining stresscse.

(d) During cyclic undrainecd shear, the pore water pressures in-
duced depend upon the static pore water pressure response of the
sand and hence sands which crush easily develop higher positive
pore water pressurcs.

(e} During sand-to-stecl shear, carbonate sands with high sus—
ceptibility to crushing show a significent reduction in the
angle of skin friction with increase in normal stress, for rough
steel surfaces, as well as lower ratio cof angle of skin FTriction
to anglec of shearing resistance in comparison to non"cafbonate
terrigenic sands.

Crushing appears to be the single major factor responsible
for the obscrved peculiar behaviour of piles driven in carbonate
sands. Existing practice of clasgifying carbonate soils and of
estimating the axial load capacity of piles driven in carbonate
sands arc not totally satisfactory since tivey do not take cogni-
zance of tuwo important relevant factors, namecly crushing of par-
ticles and degree of cementatien, and instecad, tend to give im-
portance only to the carbonate content of the scil which is not
an adequatc indicator of the susceptibility to crushing and degree
of cementation. Some suggestions for improving the existing pra-
ctice of soil classification and of estimating the axial pile capa-~

city are presentod.
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