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+ ABSTRACT

The behaviour of low and medium grades of concretes
has been studied When under the effects of aggressive
media, namely, artificial sea water ( with five times'
the concentrations of its principal salts), individual
solutions of the sodium chloride (1,36,050 ppm), magnesium
chloride (15,050 ppm) and magnesium sulphate (8300 ppm),
both at atmospheric pressure for periods urto 15 months,
and at pressures equivalent to 50,100 and 210 meters of
water for 3 months, Small-sized specimens of concrete
have been subjected to such attacking media at an early B

age after casting. Seven mixes of concrete with different

water-cement and aggregate-cement ratios have been used.

The specimens have been tested for compressive and
tensile strengths, modulus of elasticity, modulus of
rupture, dynamic modulus of elasticity, ultrasonic pulse
velocity, bond strength, permeability to water and pH

value,

Small-sized reinforced concrete beams have also

been tested for failure.

Scanning electron micrographs and x-ray diffracto-
graphs obtained on hardened cement paste samples of

similar water-cement ratios, which h&d been cured in



identical manrers, are also presented to appreciate the
causes of deterioration and possible chemical and morpho-

logical changes.

Hydrostatic pressures of the deep sea environment
were simulated in specially designed and fabricated

pressure vessels,

A quick permmeability test for'deteriorated' samples
has been devised. All properties (except permeability)
show reductions in their values with age and pressure in
all the media. The role of pressure has been to cause
an accelerated effect of deterioration of.concrete. All
the reagents react with cement paste and produce such
products which cause changes in the microstructure of

~ the paste and in the engineering properties of concrete,

N

Appropriate conclusions have been drawn on the
behaviour of cement concrete when it is likely to be

subjected to the salts of the ocean environment.



CONTENTS

CERTIFICATE

ACKNOWLEDGE MENT

ABSTRACT

CONTLNTS

CONTENTS~ELATRES

CONTENTS-FIGURES

CONTENTS~TABLES

ABBREVATIONS

CHAFTER 1

INTRODUCTION

1.1

1.2

1.3
1.4

1.5

Concrete in off-shore structures

Ocean environments, offshore structures,

classification and zones.
Brief literature review
Brief out line of this work.

Materials for experiments

CHAFTER II

LITERATURE REVIEW

2.1

2.2

2.3

General

Some reported uses and failures of concrete

structures in ocean environments
Durability criteria

Findings of some committees set up for

investigations

VI

I1I
IV

VI
XI

X1I
XVI

XVII

11

14

15

1€

22

24



2.5
2.6
2.7
2.8

2.9

Effect of sodium chloride on cement concrete

Effect of magnesium chloride on cement concrete

Effect of magnesium sulphate on cement concrete

Effect of sea water on concrete

Interfacial zone. Some aspects

CHAFTER III

EXEERIMENTAL WORK: CONCRETE CURED IN FOTABLE WATER

3.1

3.2
3.3
3.4
3.5
3.7

3.7

INTRCDUCTION

Froperties éf concrete

pH Value

Fermeability ‘
X-ray-diffraction studies

Morphology

Visual observations

CHAFTER IV

EXFERIMENTAL WORK; CONCRETE IN SODIUM CHLORIDE
SOLUTION,

4,1
4,2
4,3
4,4

4.5

General

Engineering properties with age and pressure
pH value

Fermeability

X~ray diffraction studies

26
40
46

67

85

20

91
99
100
101
102

104

114
115
126
127

128



VIII

4,6 Morphology 129
4,7 Visual observations 130
4,8 Discussion and remarks 131 .
CHAETER V

EXFERIMENTAL WORK: CONCRETE IN MAGMNESIUM CHLORIDE
SOLUTION

5.1 General 152
5.2 Engineering properties with age and pressure 154
5.3 pH value 165
5.4> Fermeability 166
5.5 X-ray diffraction studies 167
5.6 Morphology ‘ 169
5.7 Visual observations 17
5.8 Discussion and remarks . 172
CHAFTER VI

EXEERIMENTAL WORK: CONCRETE IN MAGNESIUM SULEHATE
SOLUTION

6.1 General 192
6.2 Engineering rroperties with age and pressure 194
6.3 pH Value 202
6.4 Permeability 203
6,5 X-ray diffraction studies 204

6,6 Morphology 207



6'7

6.8

Visual observations

Discussions and remarks

CHAFTER VII

FXFERIMENTAL WORK: CONCRETE IN ARTIFICIAL SEA WATER

7.1
Tl
7.3
7.4
745
7.6
7.7

7.8

General

Engineering properties with age and pressure

pH value

Fermeability

X-ray diffraction studies
Morphology

Visual observations

Discussions and remarks

CHAETER VIII

CONCLUSIONS

8.1

8.2 Compressive strength

8.3 Tensile strength

8.4 Dynamic modulus of elasticity
8.5 Ultrasonic pulse velocity

8.6 Alkalinity- pH value

8.7 Bond with reinforcing steel
8.8

Microstructure, chemical changes, morphology

IX

210

210

231

232

243

270
270
275
280
283
284
285

288



8.9 Visual observations

8,10 Some points for further research

CHAFTER IX

AFFENDIX

A

Fressure vessels and methods of application

of pressures

B Quick method to determine the pemmeability of
Concrete; Equipment and use

C Frocedure and set up to determine dynamic modulus
of elasticity and structural damping factor

D Chemical composition of average ocean water

B Specifications of materials used and mix
proportions of concretes

F Frocedures for Engineering tests

G pH value test procedure

H XRD Methods and interpretations

I Morphology

J Comparative changé@s of interior of concrete

K Microscopic data

M Chemical reactions

REFERENCES

BIO-DATA OF AUTHOR

293

293

324

330

331
333
338
338
340
342
345

347

349

362



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

