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Special high strength concrete can be used when particular properties
are required. Two types of concretes will be considered. First, heavyweight
concrete (using magnetite as a coarse and fine aggregate) with density (3.2 -
4 t/m®) significantly higher than the density of concretes made with normal
aggregate. The second type of concrete to be considered is lightweight
concrete (usmg leca as a coarse aggregate), that is concrete with a density
(1.9-1.7¢/m”) significantly lower than the density of concretes made with
normal aggregates. Comprehensive literature surveys relating to
heavyweight concrete, lightweight concrete, high strength concrete and
properties of this concrete were carried out. In order to obtain high strength
concrete, 77 trial mixes were produced for both heavy and light weight
concrete. For heavy weight concrete, 12 mixes were selected to achieve a
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slump above 100mm and strength up to 140 MPa at 180 days with W/C 0.24
and 3.5% superplastizer (SP6). For lightweight concrete, 14 mixes were
selected to achieve the slump over 100mm and strength up to 7! MPa at 180
days and at W/C 0.34, 0.3, 0.28 for cement content 400, 500, 600 kg/m® with
2% superplastizer (SP6). The present program deals with the use silicafume
and superplasticier to produce special high strength concrete. To investigate
the properties of magnetite high strength concrete, three levels of silicafume
(0, 10%, 20%) by weight of cement, two ratios of coarse aggregate content
(0.48, 0.65) by volume and two type of fine aggregate (magnetite, sand)
were used. On the other hand, three cement content (400, 500, 600) kg/m3 ,
two levels of silicafume (10, 20%) and two ratios of coarse aggregate
content (0.48, 0.65) by volume were used to investigate lightweight high
strength concrete. For both type of concretes, information on mechanical
properties, stress-strain under static and cyclic load, creep, shrinkage,
permeability, surface absorption, sulphate resistance and exposure to high
temperature was provided. In addition shielding properties for heavyweight
high strength concrete were also provided. All experimental work was
conducted with the full co-operation of the technical staff and facilities in
City university, London, UK

A statistical method of analysis of experimental results was used to arrive at
an optimal solution. Analysis of variance (ANOVA) was used to analyse the
results, particularly for mechanical properties.

The results indicated that :-

Heavyweight high strength concrete (HWHSC)

- Silicafume is to be a good mineral admixture, improving all mechanical
properties, fatigue life, creep , shrinkage and durability. Silicafume is
effective in enhancing concrete residual compressive strength after
exposure to high temperature. Silicafume has a significant effect on
reduction the thickness required to shielding.

- There is a significant effect of coarse aggregate content on the all
mechanical properties, fatigue life, water absormption, oxygen
permeability. There is no effect of coarse aggregate content on creep and
shrinkage, residual compressive strength after exposwre to high
temperature,

- Magnetite as a fine aggregate gave a higher compressive strength than

sand as fine aggregate. For silicafume concrete, sand as a fine aggregate
gave a higher fatigue life than using magnetite as a fine aggregate.



Magnetite as a fine aggregate has a significant effect on residual
compressive strength after exposure to high temperature.

- Relationship between compressive strength and splitting tensile strength
or flexural strength for HWHSC is not the same as for NWHSC.

- There is no relationship between compressive strength and fatigue life.

- Specimen shape has an effect on the values of modulus of elasticity.

- The mode of failure of specimens tested under static and cyclic loading is
the same.

- There is not a clear relationship between the compressive strength and
water absorption or oxygen permeability coefficient.

- Compared with normal strength concrete, the water absorption and
permeability coefficient of HWHSC are found to be extremely low.

- There is insignificant effect due to sulphate attack on compressive
strength at age 180 days.

Lightweight high strength concrete (LWHSC)

- Cement content has a significant effect on all mechanical properties of
LWHSC, fatigue life, creep and shrinkage.

- Increasing cement content gave a significant effect on permeability and
water absorption

- The loss of compressive strength due to exposure to high temperature is
decrease when increase cement content.

- Silicafume content seems to attain high early age strength in 7 days with
relatively less increase in strength at 28 day. The economic silicafume
content for LWHSC is 10%

- Increasing silicafume content has a significant effect on improving the
fatigue life and does not lead to an increase shrinkage and specific creep.

- Increasing silicafume content from 10% to 20% leads to significant
decrease in both water absorption and oxygen permeability.

- There is no significant effect of silicafume content on residual compressive
strength after exposure to high temperature.

- At 0.48 coarse aggregate ratio, compressive strength, flexural strength and
modulus of elasticity were higher than for 0.65 coarse aggregate ratio.

- The most effective coarse aggregate content under cyclic loading is 0.65

- Increasing coarse aggregate content improved values of both shrinkage and
specific creep.

- There is no significant effect of coarse aggregate content on water
absorption and oxygen permeability.



- The coarse aggregate content has a significant effect on residual
compressive strength after exposure to high temperature.

- Steel fibres have a significant effect and lead to an increase in values of all
mechanical properties, particularly, splitting tensile strength and flexural
strength.

- Steel fibres lead to an increase in shrinkage , specific creep, water
absorption and oxygen permeability. There is no effect of steel fibre content
or residual compressive strength after exposure to high temperature.

- The equation for the prediction of splitting tensile strength and flexural
strength from the compressive strength of LWHSC is closer to the
relationship recommended other references. There is no relationship between
compressive strength and fatigue life.

- There is insignificant effect due to sulphate attack on compressive strength
at age 180 days.

VIl



Contents
Title Page
Acknowledgments
Abstract
List of table
List of figures
List of Abbreviations and definitions
Contents

Chapter 1: Introduction
1.1 Aim and objectives
1.2 Structure of thesis

Chapter 2 : Literature review
2.1 Introduction
2.2 Special concrete
2.3 Heavyweight concrete
2.3.1 Type of heavyweight aggregates
2.3.2 Magnetite concrete
2.3.3 Effect of elevated temperature on magnetite concrete
2.4 Lightweight concrete
2.4.1 Lightweight aggregate
2.4.2 Mode of manufacture lightweight aggregate
2.4.3 Type of lightweight aggregate
2.5 High strength concrete
2.5 1 Fundamentals of silica fume
2.5.1.1 Characteristics of silica fume
2.5.1.2 Water demand
2.6 Properties of fresh high strength concrete
2.7 Mechanical properties of hardened high strength concrete
2.7.1 Compressive strength
2.7.1.1 Effect of mix proportions
2.7.1.2 Time effect and test age
2.7.1.3 Effect of silicafume
2.7.1.4 Strength measurements
2.7.1.5 Specimen size
2.7.1.6 Effect of mould type
2.7.1.7 Effect of curing regime
2.7.1.8 Effect of specimen capping and test machine
2.7.1.9 Effect of type of mixer

VI

~) O\ N



2.7.1.10 Effect of type of aggregate

2.7.2 Splitting Tensile strength

2.7.3 Flexural strength

2.7.4 Bond strength

2.7.5 Modulus of elasticity

2.7.6 Creep and shrinkage

2.7.7 Fatigue strength
2.8 Permeability
2.9 Effect of elevated temperatures on high strength concrete
2.10 Summary and conclusion

Chapter 3 : Experimental Programme
3.1 Selection of materials and factors
3.1.1 General
3.1.2 Cement type
3.1.3 Cement content
3.1.4 Cement replacement materials
3.1.4.1 Introduction
3.1.4.2 Silicafume
3.1.5 Aggregate type
3.1.5.1 Introduction
3.1.5.2 Magnetite
3.1.5.3 Leca (expanded clay)
3.1.5.3.1 Leca production
3.1.5.4 Sand
3.1.6 Water/cementitious ratio
3.1.7 Chemical admixtures
3.1.8 Steel fibres
3.1.9 Magnesium sulphates
3.1.10 Curing regime
3.2 Mixing and casting
3.3 Mix design
3.3.1 General
3.3.2 Design of heavyweight high strength concrete
3.3.3 Design of lightweight high strength concrete
3.4 Trial mixes results and discussion
3.4.1 Workability
3.4.2 The use of superplasticisers
3.4.3 Silicafume content
3.4.4 Coarse aggregate content

IX

43
46
48
49
50
52
54
55
58
59

64
64
64
64
65
66
66
67
68
68
69
70
71
71
72
72
74
74
75
76
77
77
77
78
79
79
81
81
82



