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ABSTRACT 

 
Ordinary concrete may fail to exhibit the require quality performance or durability.  In such 

cases, Admixtures are used to modify the properties of ordinary concrete so as to make it 

more suitable for any situation The scope of application of high performance concrete is 

determined by their improved properties with respect to ordinary concretes and by technical 

and economical advantages which thus may be obtained. .For high-strength concretes, a 

combination of mineral and chemical admixtures is nearly always essential to ensure 

achievement of the required strength.  Silica Fume was used as the air entraining admixture 

and Reobuild1100 as the water reducing admixture for obtaining the required strength and 

workability. .  The Mix Proportion for M100 grade concrete is derived a 1:1.16: 1.77 by 

following the design procedure given by ACI Method. By maintaining the w/c ratio as 0.25, 

the 28 day Compressive strength of concrete at 6% of silica fume and 1.5% of reobuild1100 

have been achieved as 163.33 N/mm
2
 . The strength of the concrete may be still increased by 

reducing the w/c ratio & increasing the percentage of silica fume. 
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___________________________________________________________________ 
 

INTRODUCTION: 

                        

CONCRETE: 

 

“Concrete is a product obtained by hardening of the mixture for cement, sand, gravel and 

water in predetermined operations”. 

 

Concrete has been the most common building material for  many years.  It is expected to 

remain so in the coming decades.  Much of the developed world has infrastructures built with 

various forms of concrete.  Mass concrete dams, reinforced concrete buildings, prestressed 

concrete bridges, and precast concrete components are some typoical example.  It is 

anticipated that the rest of the developing world will use these forms of construction in their 

future development of infrastructures. 

 

Traditionally, concrete is a composite consisting of the dispersed phase of aggregates 

(ranging from its maximum size coarse aggregates down to the fine sand particles) embedded 

in the matrix of cement paste.  This is a Portland cement concrete with the four constituents 

of Portland cement, water, stone and sand.  These basic components remain in current 

concrete but other constituents are now often added to modify its fresh and hardened 

properties.  This has broadened the scope in the design and construction of concrete 
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structures.  It has also introduced factors that designers should recognize in order to realize 

the desired performance in terms of structural adequacy, constructability, and required 

service life.  These are translated into strength, workability and durability in relation to 

properties of concrete.  In addition, there is the need to satisfy these provisions at the most 

cost-effective price in practice. 

 

ULTRA STRENGTH CONCRETE: 

 

Long-term performance of structures has become vital to the ecnomies of all nations.  

Concrete has been the major instrument for providing stable and reliable infrastructure since 

the days of the Greek and roman civilization.  AT the turn of the 20
th
 century, concrete 

compressive strength was in the range of 13.8Mpa, by the 1960s it was in the range of 27.6-

41.4Mpa.  Deterioration, long term poor performance, and inadequate resistance to hostile 

environment coupled with greater demands for more sophisticated architectural, led to the 

accelerated research into the microstructure of cements and  Concretes and more elaborate 

codes and standards.  As a result, new materials and composites have been developed and 

improved cements evolved.  Today concrete structures with a compressive strength exceeding 

138Mpa are being built world over.  In research laboratories, concrete strengths of even as 

high as 800 Mpa are being produced. One major remarkable quality in the making of Ultra 

Strength Concrete (USC)is the virtual elimination of voids in the concrete matrix, which are 

mainly the cause of most of the ills that generate deterioration.  Such concretes can be either 

normal strength or high strength.  Normal strength concrete by ACI definition is a concrete 

that has a cylinder compressive strengths not exceedings 42 Mpa.  All other concretes are 

considered Ultra Strength Concrete (USC).  USC’s with 140 Mpa are currently being used in 

High rise structures in USA and Europe.  Important governing factors for USC’s are strength, 

long term durability, serviceability as determined by crack and deflection control, as well as 

response to long term environmental effects.  Ultra Strength Concretes (USC) are concretes 

with properties or attributes which satisfy the performance criteria.  Generally, concretes with 

high strengths and attributes superior to Conventional concretes are desirable in the 

Construction Industry.  USC is defined in terms of Strength and Durability.  Therefore USC 

can be considered as a logical development of cement concretes in which the ingredients are 

proportioned and selected to contribute efficiently to the various properties of cement 

concrete in fresh as well as in hardened states. 

 

Ultra Strength Concrete can also be defined as the concrete having desired properties and 

uniformity that cannot be obtained routinely using only traditional constituents and normal 

mixing, placing and curing practices.  These properties may include:Compaction without 

Segregation, Enhanced long term mechanical properties, High toughness, Volume stability, 

Long life in service environment. 

 

Based on a wide experimental programme on ultra strength concrete, the hardened concrete 

properties and their time development were investigated extensively. The primary findings 

are that the used materials influence especially the time development of the mechanical 

behavior of the concrete.  Ultra Strength Concrete (USC) is characterized by extraordinary 

mechanical properties (high compressive and tensile strength, large E-modulus) and has 

excellent durability properties regarding corrosion of concrete and reinforcement (low 

permeability against liquids and gases, thus high resistance against the penetration of ions, 

very good freeze-thaw-resistance with or without de-icing salts and a high abrasion 

resistance).  Nevertheless, the deformation behavior of the USC-Matrix in comparison to 

normal strength concrete is a contrary matter.  Until the peak load the behavior is 
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predominantly linear-elastic, large deformations at peak cannot be observed, and they 

reached post-peak strain is nearly zero.  These facts point out the very brittle material 

behavior.  The mentioned changes influence certainly design – relevant properties like 

bending, shear, torsion and punching bearing capacity as well as the bond of reinforcement 

and the behavior under concentrated loading. 

 

At the beginning of the development a central focus was only given to the concrete 

technology aspects in order to increase compressive and tensile strength, so experimental 

results for design relevant properties were of secondary interest.  However, before ultra high 

strength concrete can be used in the practice on site and therefore it can be taken advantage of 

the outstanding   mechanical und durability properties, adequate models to describe the 

bearing behavior and design concepts must be provided.  The fundamentals are wide 

experimental investigations in order to examine the influence of changed material properties 

and behavior.  In the following an analysis of data regarding the compressive and tensile 

strength and the modulus of elasticity is provided with the aim of classifying the concrete 

with the current regulations. 

 

MATERIALS AND METHOD:  

 

The Ultra Strength Concrete are made with basically the same components as ordinary 

concretes without application of special technologies, the composition of USC is 

characterized with respect to ordinary concrete by 

- Increased fractions of fine and very fine grains. 

- Lower w/c ratio and use of super plasticizers. 

- Smaller fractions of coarse aggregate and smaller maximum grain dimension. 

 

ADMIXTURES: 

Admixtures are chemicals which are added to concrete at the mixing stage to modify some of 

the properties of the mix.  Admixtures should never be regarded as a substitute for good mix 

design, good workmanship, or use of good materials.  It will be slightly difficult to predict the 

effect and the results of using admixtures because of the change in the brand of cement, 

aggregate, grading mix proportions and richness of mix after the properties of concrete.  

Sometimes many admixtures affect more than one property of concrete.  Some times more 

than one admixture is used in the same mix.  The effect of more than one admixture is 

difficult to predict.  Therefore, one must be cautious in the selection of admixtures and in 

predicting the effect of same in concrete.  As per the report of ACI committee 212, 

admixtures have been classified into 15 groups according to the type of materials constituting 

the admixtures or characteristics affect of the use: 

 

 TYPE OF ADMIXTURES: 

 

1.  Plasticizers,  

2.  Super Plasticizers,  

3.  Retarders and retaining plasticizers,                    

4.  Accelerators and accelerating Plasticizers,  

5.  Air entraining admixtures,                           

6.  Pozzolonic or mineral admixtures,  

7.  Damp-proofing and water proofing admixtures,  

8.  Gas forming admixtures,   

9.  Air-detraining admixtures,  
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10.Alkali aggregate expansion inhibiting admixtures,  

11.Workability admixtures,  

12.Grouting admixtures,  

13.Corrosion inhibiting admixtures,  

14.Bonding admixtures,  

15.Fungicidal, germicidal, insecticidal admixtures,  

16.Coloring admixtures 

 

ADMIXTURES FOR ULTRA STRENGTH CONCRETE: 

 

1. AIR – ENTRAINING ADMIXTURES: 

 

Air – entraining admixtures are used in USC primarily to increase the resistance of the 

concrete to freeze/thaw damage when exposed to water and deicing chemicals.  They may 

also be used to increase workability and facilitate handling and finishing.  Because the 

presence of air reduces concrete compressive strength, air entrainment is generally not used 

in producing ultra strength concrete (USC).  For most applications of USC, air – entrainment 

to provide freeze/thaw resistance is not required. 

 

2.CHEMICAL ADMIXTURES: 

 

Type A - Water – reducing 

Type B  - Retarding  

Type C  - Accelerating 

Type D - Water-reducing and retarding 

Type E  - Water – reducing and accelerating 

Type F  - Water –reducing, high-range 

Type G - Water-reducing, high – range and retarding 

 

Water – reducing admixtures and high-range, water-reducing admixtures in USC minimize 

the quantity of water necessary to produce a concrete with the required workability.  They are 

often used in USC specified for durability made are almost always used in high-strength 

concrete.  Retarding admixtures are used to delay the setting, i.e.,decrease the setting rate, of 

concrete.  They can be beneficial in offsetting the accelerating effect of hot weather or when a 

long transit time is required.  Accelerating admixtures decrease setting time and increase 

early strength development.  They are sometimes used in cold weather placements and are 

useful in precast concrete fabrication to facilitate form removal and release of prestressing.  

The same effect, however, can be achieved naturally in HSC because of the higher 

cementitious materials content. 

 

3. CORROSION INHIBITORS: 

 

Corrosion inhibitors are liquid admixtures used in concrete to raise the chloride threshold 

level at which corrosion starts and to reduce the rate of corrosion after it begins.  They are 

used primarily in producing structures that are exposed to chloride salts, such as bridge decks, 

parking garages, and marine facilities.  Various levels of corrosion protection can be achieved 

depending on the quantity of inhibitor used in the concrete. 
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4.SHRINKAGE-REDUCING ADMIXTURES: 

 

Shrinkage-reducing admixtures are used in applications where it is desirable or necessary to 

reduce the shrinkage of concrete.  Drying shrinkage reductions up to 50 percent have been 

achieved in laboratory tests.  It has also been reported that curling of slabs is reduced by 

means of shrinkage-reducing admixtures. 

 

5.MINERAL ADMIXTURES FOR HIGH PERFORMANCE CONCRETE: 

 

With today’s requirements for high performance concrete (USC), mix proportions containing 

cementations materials in addition to Portland cement are used more commonly.  According 

to a survey by the Portland Cement Association published in 2000, at least 60 percent of 

ready mixed concrete contains other cementations materials, often referred to as mineral 

admixtures or supplementary cementations materials.  The benefits of using these materials, 

either separately or in various combinations, include higher early strength, higher later age 

strength, reduced permeability, control of alkali-aggregate reactivity, lower heat of hydration, 

and reduced costs.  Mineral admixtures may be used in addition to the normal amount of 

Portland cement or as a substitute for a portion of the cement depending on the required or 

specified properties of the concrete.  This issue of Technical Talk reviews how USC can 

benefit from the three most commonly used materials – fly ash, silica fume, and ground 

granulated blast – furnace slag. 

 

6.SUPER PLASTICIZER: 

 

There are several kinds of super plasticizers available and very rarely appear in the market.  

They belong to two main groups: sulphonated melamine-formaldehyde condensates and 

sulphonated naphthalene-formaldehyde condensates.   Their action is explained by adsorption 

of polyanions on the surface of cement grains and by generation of negative potential which 

eliminates attraction and coagulation of grains.  As a result, the decrease of internal friction is 

obtained and the workability expressed for example by slump of 180-250mm is assured 

during 1-1.5 hours.  A correct selection of a super plasticizer for other mix components is 

important.  Usually super plasticizers are added as 2-4% of cement mass according to 

producer’s prescription. 

 

7.METAKAOLIN: 

 

The prefix meta in the term is used to denote change.  It is a borrowing from Greek meaning 

after, along with, beyond.  It is used, and is recognized, in the formation of compound words: 

metabolic, metamorphosis.  The scientific use of the prefix is used for a combining from 

denoting the least hydrated of a series.  In the case of metakaolin, the change that is taking 

place is dehydroxylization, brought on by the application of heat over a defined period of 

time.  At about 100-200 degrees C, clay minerals lost most of their absorbed water.  The 

temperature at which kaolinite loses water by dehydroxilization is in the range of 500-800 

degrees C.  This thermal activation of a mineral is also referred to as calcining.  Beyond the 

temperature of dehydroxylization, kaolinite retains two-dimensional order in the crystal 

structure and the product is termed metakaolin.The key in producing metakaolin for use a 

supplementary cementing material, or pozzolan is to achieve as near to complete 

dehydroxilization as possible without over-heating.  Successful processing results in a 

disordered, amorphous state, which is highly pozzolanic.  Thermal exposure beyond a 

defined point will result in sintering and the formation of mullite, which is dead burnt and not 
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reactive.  In other words, kaolinite, to be optimally altered to a metakaolin state, requires that 

it is thoroughly roasted but never burnt. 

 

8. FLY ASH: 

 

Fly ash is a by-product of pulverized coal in thermal power plants.  It is removed by 

mechanical collectors or electrostatic precipitators as a fine particulate residue from the 

combustion gases.  One of the most important uses of fly ash is in making cement and 

concrete.  As fly ash is available almost free of cost, there is considerable saving in making 

concrete by addition of fly ash.  However, each fly ash is different.  Its quality depends upon 

quality of coal used and type of collection.  The reactivity of fly ash depends on its chemical 

composition, fineness and particle shape.  Therefore, before using a particular fly ash, 

research on its cement properties need to be done. 

 

9.SILICA FUME: 

 

Silica fume is a by product of producing silicon metal or ferrosilicon alloys.  One of the most 

beneficial uses for silica fume is in concrete.  Because of its chemical and physical properties, 

it is a very reactive pozzolan.  Concrete containing silica fume can have very high strength 

and can be very durable.  Silica fume is available from suppliers of concrete admixtures and, 

when specified, is simply added during concrete production.  Placing, finishing, and curing 

silica-fume concrete require special attention on the part of the concrete contractor.  Silicon 

metal and alloys are produced in electric furnaces.  The raw materials are quartz, and 

woodchips.  The smoke that results from furnace operation is collected and sold as silica, 

rather than being land filled.  Perhaps the most important use of this material is as a mineral 

admixture is ultra strength concrete. 

 

10. CONPLAST: 

 

Conplast SP430 is a chloride free, superplasticising admixture based on selected sulphonated 

naphthalene polymers.  It is supplied as a brown solution which instantly disperses in water.  

Conplast SP 430 disperses the fine particles in the concrete mix, enabling the water content of 

the concrete to perform more effectively.  The very high levels of water reduction possible 

allow major increases in strength to be obtained. 

 

METHODOLOGY: 

 

MATERIALS AND PROPORTIONING: 

The water cement ratio is selected based on the desired compressive strength or the expected 

exposure conditions.  The amount of mixing water is based on the maximum aggregate size 

and the desired slump range.  The aggregate proportions are selected to provide for an 

economical mixture with the desired workability and finish ability characteristics.  A 

different type of Portland cement allows some tailoring of strength grain characteristics or for 

additional resistance to chemical attach.  An air-entrainment agent may be used for resistance 

to freezing and thawing. 

 In practice mix proportions vary depending on the properties of the individual ingredients 

and on the desired properties of the concrete in service details of some actual mixes used in 

the past. 

 As already said the aggregate must not have too large a maximum size.  The coarse 

aggregate must have a number of characteristics, it must be strong, absolutely clean, that is 
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free from adhering clay or dust, it must not contain reactive silica, with very few exceptions, 

and crushed aggregate is used.  As for fine aggregate it has to be coarsely graded, preferably 

with a fineness modulus of 2.7 to 3. 

 

There is another reason why the use of fly ash or slag is beneficial, and this has to do with the 

slump loss of fresh concrete.  Because these material reach only very little during the first 

few hours, they do not contribute to the slump loss, so that less plasticizer needs to be used. 

In other words, the amount of super plasticizer necessarily ensures an adequate workability is 

governed only by the content of Portland cement.  Any aggregate is acceptable provided that 

they are clean and hard, properly graded, and not susceptible to excessive volume changes 

during wetting, drying and thawing. 

 

Proportioning a trial mixture of USC is more complex.  The cementitious system is usually 

composed of a combination of Portland cement and other materials, such as fly ash, blast-

furnace slag.  The aggregate may have to be carefully selected to achieve high strength or 

high elastic modulus.  Chemical admixtures are needed for workability, enhanced durability 

or control of setting process. 

 

Because they are many factors to be considered, selection of ingredients and their optimum 

proportions is difficult.  It is uneconomical to use the traditional empirical approach to make 

alternative train mixtures of all possible combinations to arrive at optimum mixtures. 

 

The amount of testing required during the mixture optimization process could be reduced if 

there was a clear understanding of how the properties of ingredients affect the properties of 

the concrete. 
 
SILICA FUME: 

 

Silica fume is very fine non crystalline silica produced in electrical are furnaces as a by 

product of the production of elemental silicon or alloys containing silicon.  It is usually a grey 

colored power, somewhat similar to Portland cement or some fly ashes. 

 

RHEOBUILD 1100: 

 

The basic components of RHEOBUILD 1100 are synthetic polymers which allow mixing 

water to be reduced considerably and concrete strength to be enhanced significantly, 

particularly at early ages. RHEOBUILD 1100 is a chloride free product. 

 

Primary uses: 

 

Production of rheoplastic self compacting concrete. 

 

1.Precast concrete, 2.Low water/cement ratio concrete. 3.In complicated formwork or with 

congested reinforcement. The influence of RHEOBUILD 1100 on strength of concrete cured 

at 20°C or steam cured (cement content = 350 kg/m³; aggregate max. size = 20 mm). 
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    Curing at 20°C Steam curing 

    (days) Strength N/mm² 

Type of 

cement 

RHEOBUIL

D 1100 litres 

per 100kg 

cement 

w/c ratio 
Slump 

(cm) 
1 3 7 28 1 3 7 28 

Ordinary 

Portland 

cement 

0 

1 

0.60 

0.47 

21.5 

22.0 

5.6 

10.4 

13.1 

24.5 

25.3 

42.8 

33.8 

51.6 

17.3 

29.1 

20.1 

32.3 

26.2 

38.3 

33.2 

46.2 

High 

strength 

Portland 

cement 

0 

1 

0.63 

0.50 

21.0 

21.0 

8.2 

11.6 

14.8 

23.2 

29.6 

42.5 

38.3 

52.5 

21.1 

28.8 

24.1 

32.9 

30.8 

42.1 

38.5 

52.7 

High 

strength and 

rapid 

hardening 

Portland 

cement 

0 

1 

0.59 

0.43 

21.0 

21.5 

14.6 

21.0 

25.3 

41.2 

39.7 

53.2 

44.1 

60.0 

30.4 

40.2 

33.1 

44.2 

39.6 

54.6 

42.7 

59.4 

3 hours precuring at 20°C steam heating from 20°C to 70°C in 3 hours: steam curing at 70°C 

for 6 hours: cooling from 70°C to 20°C in 6 hours time; curing finishing at 20°C 

Mix Proportion of M200 Grade Concrete: 

Cement Fine Aggregate Coarse Aggregate 

614.032kg 712.4kg 1094.4kg 

1 1.16 1.77 

Water/Cement Ratio = 0.25 

 

RESULTS AND DISCUSSIONS: 

Compressive Strength Values 
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Cube 

no 

TEMPE

RATU

RE (°c) 

FAILURE 

LOAD (kN) 

COMPRESSIVE 

STRENGTH 

(N/mm²) 

STRENGTH 

(N/mm
2
) 

Average   Compressive  

Strength(N/mm²) 

7 days 28 days 7 days 28 days  

1 

50 

 

1120.00 1680 49.78 74.67 
75.16 

 

 

2 1127.89 1691.833 50.12 75.18 

3 1134.25 1701.4 50.41 75.62 

4 

100 

1147.3 1720.9 

 
50.99 76.45       

78.13 

 

 

5 1149.6 1724.4 51.09 76.64 

6 1219.6 1829.4 54.2 81.30 

7 

150 

1387 2080.5 

 
61.6 92.40 90.44 

 

 

8 

 

1405 2107.5 62.44 

 

93.66 

9 1278.99 1918.5 56.84 85.26 

10 

 

200 

1110.4 1665.6 

 

 

 

49.35 74.03    73.39 

 

 

11 1107.5 1661.3 49.22 73.83 

12 1085.6 1628.4 48.2 72.3 

 

In this current module we have studied the mechanical properties of Ultra Strength Concrete 

like Compressive Strength, thermal behaviour.  In future the work can be extended over the 

areas like flexural strength, split tensile strength, secant modulus of elasticity, Cost 

effectiveness and study of Chemical properties like Permeability, Durability which can be 

compared further. 

 

CONCLUSIONS: 

 

By maintaining the w/c ratio as 0.25, the 28 day Compressive strength of concrete at 6% of 

silica fume and 1.5% of reobuild1100 has been achieved as 90.44 N/mm
2
. The present 

generation of cement-based materials provides an economical option to replace several 

alternative materials currently in use.  Although several projects have been carried out to 
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demonstrate the usefulness of these materials, research is still needed to update current code 

requirements, quality assurance procedures and design processes to safely utilize these new 

materials to their ultimate potential.We are making a point that the setting time should be 

increased for Ultra Strength Concrete than that for Ordinary concrete to have a Healthy look 

& more Strength. 
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