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ABSTRACT

Coral reefs are extensively encountered throughout the tropi-
cal seas of the world. Their study is of particular significance
to countries like India which are situated in the tropics. Engineer-
ing concern ahbout coral reefs has recently taken on a new dimension
with increase in off-shore activities in search of 0il and seabed

mining.

Present day coral reefs are large massss of cavbonate rocks
built near the sea surface predominantly by lime secreting marine
animals known as corais. Coral reef rocks constitute the primary
component of coral reefs. These rocks ropresent a complex family

of carbonate r&cks, and are charactorizod by their organic origin,
typical mineralogy, varying degrees of lithification, non-homoge-
neity, presence of intricate pore patterns and random discontinui-
ties.

Our understanding of the gootechnical characteristics of
coral reef rock is far from being adequate. A geotéchnical classi-
fication system is yet to be evolved. The existing information is
insufficient even for identifying the problems likely to be associa-
ted with these rocks. An indepth study of the nature and behaviour
of coral reef rocks is thus imperative.

Scope of the Thesis
An understanding of the nature and engineering behayiour of

coral reef rock can be achieved by -
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1. a study of their genesis and nature,

2. an ovaluation of their physical and gootechnical
properties in the laboratory,

3. an asscessment of the influence of genesis, nature
and environment on geotechnical properties, and

4., a study of their in-situ behaviour.

This thesis confines itself to the first three points and
through a study of these threec, a useful classification system
from a geotechnical view point is proposed. Further, the oxtent

of anisotropy existing in these rocks has besn assessed.

For this study seventy thres coral reef rock samples were
collected Prom thirteen difforent locations in Indiash waters
including the Gulf of Kutch, the Llakshadwesp Islands, the Palk Bay,

The Gulf of Mannar, and the Andaman and Nicobar Islands.

Experimental Study
(i) Nature

The nature of these rocks was studied by determining their
chemical composition, assessing their mineral composition by using
infrared absorption and X-ray diffraction techniques and by exami-

ning their form of existence under scanning electron microscopa.

(ii) Physical Proporties

The study of physical properties included determination of
their specific gravity, porosity, and water absorption.
(iii)Geotechnical Characteristics

The geotechnical characteristics were assessed through permega-

bility tests, longitudinal eslastic wave velocity tests, uniaxial

compression tests, and Brazilian tests, on saturated specimens.
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Results
(i) Nature

(a) Visual Observations

Soventy three Samplns wers found to brlang to twelvg different
genera of the most common colonial reef building corals. The skelotal
systom: of these samples is characterized by contiguous cup shaped
formations known as corallites. The samples,in general, exhibit
variable size, shape,and orientation of corallites, different
degrees of lithification and random discontinuities. It was found
possible to group these samplos into four distinctly diffgrent
groups.

(b) Chemical and Mineralogical Analysis

Coral reef rock samples were primarily calcium carbonate
either in the form of aragonite or calcite. Samples of recontly
faormed coral reef rocks were composed entirely of aragonite,whereas
samples of different degrees of lithification generally containaed
some calcite - the greater the lithification the higher was the

percentage of calcito.

(1i) Prysical Propertics
A very wide range of void ratioc was observed. In gensral,

the void ratio was found to decrease with increase in ago.

(iii) Geotechnical Charactoristics

(a) Pormeability

The coefficient of permeability, k generally varies over a
wide range for rocks belonging to Groups I, II and III, but for

Group IV roeks the k  falls in a very narrow rangoa.
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(b) longitudinal Elastic Wave Velocity

The longitudinal elastic wave velocity for all groups falls
in a narrow rangs, it generally increases with decrease in void
ratio. Velocity in dry state is generally lower than that in satu-
rated state.
(1ii) Uniaxial Compressive Strength

A very wide range of uniaxial comprassive strength is obtained.
It is found 2to generally increase as the void ratio decreases for
all the four groups. High values of strength are obemrved consistently
for Group IV rocks, and the lowest valuas are for Group I rockse
The other groups fall in betwesn. In a narrow range of void ratio
or at the same void ratio considerablo variations in uniaxial compros-
sive strength arec observed.
(iv) Brazilian Strength

The Brazilian strength varies over a wide range, and is
observed to generally increase as the veid ratioc decreases for all

groups in a manner similar to that found for uniaxial compressive

i

. e

: ‘& oo, S 1.2’ T
stdond The Brazilien strength is about 4 to 6 times lower than
the respective uniaxial compressive strengthe.

Nature of the skelotal system, categorized by the group appears

to have a significant influence on all geotechnical properties.

Geotechnical Classification
.Through a study of literature, five parameters were identified
as being relevant to serve as criteria for a geotechnical classifi-

cation system for coral reef rocke. These are



viii

1. Structure and texture of skeletal system - this has been
used to isolate four different groups.

2. Degree of lithification of skeletal system - which is
considered herein to fall into three categories -
Young, 0ld and Very 0Old.

3. Type of coral reef. = continental and oceanic.

4. Zonation of coral reef - winduard and sheltered.

5. Discontinuitics (not considered).

txperimental investigation on intact coral reef rock samples
has indicated that the first four parameters are indeed relevant.

The fifth, iee., discontinuities, will,‘of course, have a marked
influence on in-situ behaviour of the rock mass but is beyond the
scope of this thesis which confings itself to intact rpck. Upon
classification using the above paramsters one can get an idea of tha
uniaxial compressive strength and permeability of the intact rock:
Anisotropy

On a visual examination, these biogenic carbonate rocks appear
to be highly anisotropic snd from a geotechnical view point it is
essential to establish the extent of their anisotropy.

AnisotrOpy has been assessed through measurement of permeability,
longitudinal elastic wave velocity, uniaxial compressive strength and
modulus of elasticity (at 50 percent of uniaxial compressive strength)
in throee orthogonal directions. In general, anisotropy effects are
maximum for permeability, less for uniaxial compressive strength and
modulus of olasticity and minimum for longitudinal elastic wave

velocity.
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