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Abstract 

The project work addresses the strength and durability of concrete against Sulfate Attack on concrete as it is considered one of the 

major degradation causing phenomenon in the durability of concrete in concrete technology. The primary variable being the 

introduction of Silica Fume as a 10% replacement, bentonite 20% and silica fume+Bentonite 20% by weight of cement. Super 

plasticizer is also used in order to attain high strength and make the concrete more workable in the presence of   silica   fume. A 

concrete batch with a proper mix design was prepared and aiming at a high strength of 6000psi. Part of the batch was tested for 28 

days Strength and part of it was subjected to cyclic wetting and drying exposure to sulfate rich environment, the solution being 50 

g/l of Na2SO4. The quality of concrete was measured by Ultrasonic Pulse Velocity testing for 20 days which showed an appreciable 

improvement in the resistance to sulfate attack by the Silica Fume made cylinders whereas the Normal concrete cylinders were 

affected severely in the sulfate environment. The same concrete cylinders were tested for compressive strength under the Universal 

Testing Machine and the results showed an alarming reduction in strength of the normal concrete cylinders   whereas the Silica 

Fume made and bentonite concrete cylinders showed small reduction in strength. The main conclusions   derived from this project 

are that the use of Silica Fume leads to a better performance of concrete in sulfate rich environments although the strength may 

not be altered as desirable. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

 Background  

External sulfate attack is a chemical reaction which causes expansion and degradation of concrete exposed to sulfate-rich 

conditions. Cracks occur at the surface of the material because of the differential expansion between the outer layer where the 

reaction occurs and the bulk of the material, which remains mostly unaffected. The assessment of the resistance of concrete to 

sulfate attack by laboratory is often difficult and generally time consuming(harbor 1982:Clifton et al. 1999)for this reason a great 

deal of effort has been made towards developing microstructure based that can predict behavior of concrete subjected to sulfate 

attack. 

 Objectives 

1) to develop a concrete mix for a maximum compressive strength of 6000psi (in a 1.5 to2 % dosage of Super plasticizer) 

2) To study the effects of 10% replacement of cement by weight in concrete with Silica Fume on strength and resistance to sulfate 

attack in concrete. 

3) To study the effects of 20% replacement of cement by weight in concrete with bentonite strength and resistance to sulfate 

attack in concrete. 

4) To study the effects of 20% replacement of cement by weight in concrete with bentonite and silica fume strength and resistance 

to sulfate attack in concrete. 

II. LITERATURE REVIEW 

 Introduction to HPC 

 Definition 

HPC is defined a concrete meeting special combination of performance and uniformity requirements that cannot be always  

achieved using conventional constituents  and normal mixing placing and curing practices 

a) Historical perspective: 

It is fair to say that in the last 40 years, the compressive strength of commercially produced concrete has roughly increased, from 

5000 to 14,000 psi so high performance in the 1950s, was 5000-psi, ready-mixed concrete was considered high-strength. The 

history of true, the Washington State Highway Dept. specified 6000 psi concrete for pre stressed girders, allowing to the highway 

department's girders to be become thin in the country. Late 1980s, very high-strength concrete was being produced in other parts 
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on North America. One of the highest-strength concretes used in any large-scale commercial application thus far has been concrete 

attaining a target compressive strength of 19,000 psi in the 58-story, 720-feet-tall 2 Union Square in Seattle. 

The compressive strength originally specified for the structure was 14,000 psi at 28 days. Testing show that an elastic modulus 

of this scale required concrete with a target compressive strength on an order of magnitude of 19,000 psi. At more than 150 stories 

and utilizing concrete with a specified compressive strength as high as 11,600 psi, the Burj khalifa skyscraper is the world's tallest 

building. Architecturally, 

b) Properties of aggregate in Hpc: 

Although common aggregates are used in making of Hpc in concrete of high strength the strength of coarse aggregates particles 

themselves can be critical .in consequence the strength of parent rock is of importance but the bond strength of the aggregate 

particles can also be a limiting factor Generally good quality aggregate must be used to ensure good bond between the coarse 

aggregate particles and matrix these particles should be approximately equal dimensional. 

Fine aggregate should be rounded and uniformly graded but rather coarse because rich mixes used in Hpc have high content of 

fine aggregate large particles of aggregate are undesirable.  

c) High Performance Concrete Composition & Features 

The composition of  (HPC) are almost same as those of Conventional Cement Concretes (CCC), Because of lower Water Cement 

Ratio, presence of Pozzolans and chemical admixtures etc., the HPC usually have many features which distinguish them from 

CCC. 

From practical considerations, in concrete structures, apart from the final strength, the rate of development of strength is also 

very important. The High performance concrete usually contains both pozzolanic and chemical admixtures. Hence, the rate of 

hydration of cement and the rate of strength development in HPC is quite different from that of conventional cement concrete 

(CCC). 

The proportioning (or mix design) of normal strength concretes is based primarily on the w/c ratio ‘law’ first proposed by 

Abrams in 1918. For high strength concretes, however, all the components of the concrete mixture are pushed to their limits. 

Therefore, it is necessary to pay careful attention to all aspects of concrete production, i.e., selection of materials, mix design, 

handling and placing. 

The proportioning (mix design) of High Performance concrete consists of three interrelated steps: 

1) Selection of suitable ingredients – cement, supplementary cementing materials (SCM), aggregates, water and chemical 

admixtures. 

2) Determination of relative quantities of these materials in order to produce, as economically as possible, a concrete that has the 

rheological properties, strength and durability. 

3) Careful quality control of every phase of the concrete making process. 

d) Composition of HPC 

The most common composition of high performance concrete as supplementing cementations materials or mineral admixtures is: 

1) Silica Fume 

2) Fly Ash 

3) GGBFS (Ground granulated blast furnace slag) 

1) Silica Fume in HPC 

Silica fume is a waste by-product of the production of silicon and silicon alloys. Silica fume is available in different forms, of 

which the most commonly used now is in a densified form. In developed countries it is already available readily blended with 

cement. 

It is possible to make high strength concrete without silica fume, at compressive strength of up to 98 Mpa. Beyond that strength 

level however, silica fume becomes essential. With silica fume it is easier to make HPC for strengths between 63-98 Mpa. 

2) Fly Ash in HPC 

Fly Ash of course, been used vastly in concrete for many years. Fly ash is, unfortunately, much more variable than silica fumes in 

both their physical and chemical characteristics. Most fly ashes will result in strengths of not more than 70 Mpa Therefore for 

higher strengths, silica fume must be used in conjunction with fly ash. For high strength concrete, fly ash is used at dosage rates 

15% of cement content. 

III. GROUND GRANULATED BLAST FURNACE SLAG (GGBFS) IN HPC: 

Sags are good for use in HSC at dosage rates between 15-30 %. However, for high strengths, in excess of 98Mpa  
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Fig. 2.1 composition of HPC 

 Advantages of High Performance Concrete (HPC)  

The advantages of using high strength high performance concretes often balance the increase in material cost. The following are 

the major advantages that can be accomplished. 

1) Reduction in member size, resulting in increase in plinth area/useable area and direct savings in the concrete volume saved. 

2) Reduction in the self-weight and super-imposed DL with the accompanying saving due to smaller foundations. 

3) Reduction in form-work area and cost with the accompanying reduction in shoring and stripping time due to high early-age 

gain in strength. 

4) Construction of High –rise buildings with the accompanying savings in real estate costs in congested areas. 

5) Longer spans and fewer beams for the same magnitude of loading. 

6) Reduced axial shortening of compression supporting members. 

7) Reduction in the number of supports and the supporting foundations due to the increase in spans. 

8) Reduction in the thickness of floor slabs and supporting beam sections which are a major component of the weight and cost 

of the majority of structures. 

9) Superior long term service performance under static, dynamic and fatigue loading. 

10) Low creep and shrinkage. 

11) Greater stiffness as a result of a higher modulus Ec. 

12) Higher resistance to freezing and thawing, chemical attack, and significantly improved long-term durability and crack 

propagation. 

13) Reduced maintenance and repairs. 

14) Smaller depreciation as a fixed cost. 

 Curing of High Performance Concrete 

High Performance Concrete has very low water-cement ratio and better particle distribution due to the use of mineral admixtures, 

which result in significantly less pore per unit volume of cementations materials in the mixture than the CCC. Filling of the voids 

by hydration product in HPC is much faster than that of conventional concrete as smaller pores needs less hydration products to 

fill. Therefore, moisture loss due to capillary action stops earlier in case of HPC compared to CCC under the same curing 

conditions. The moisture loss from HPC has been found predominant up to the first 24 hours. Owing to very low water-cement 

ratio and use of super plasticizer, the early stage hydration rate of HPC is higher than conventional concrete leaving less long term 

hydration potential. 
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Thus curing duration after the initial moisture protection has been found to have little effect on long term chloride permeability 

of HPC containing micro-silica or fly-ash. All these indicate that the requirement of curing duration for HPC is less compared to 

CCC. 

Duration of wet curing has significance on the shrinkage of HPC, which is not the case with conventional concrete. Method of 

curing has similar effect on HPC both for creep and shrinkage of concrete, which are again influenced by the type and duration of 

curing. Curing is the most intricate part of construction of the structures with HPC. For a given level of workability, HPC has lesser 

quantity of water compared to the conventional cement concrete, sometimes being lower than the minimum necessary for complete 

hydration and self-desiccation. Therefore, loss of moisture from the concrete at an early stage leads to detrimental effects on the 

soundness and long term properties of the concrete. Therefore, protection against moisture loss from fresh HPC is crucial for the 

development of strength, prevention of plastic shrinkage cracks as well as for durability. 

Again, wet curing of HPC cannot be done at an early stage because this will increase the water-binder material ratio adjacent to 

the exposed surface causing deterioration of the concrete quality. In one of the studies, it was found that moisture loss from HPC 

is maximum during the first 24 hours after placement. Fresh concrete mix of HPC is more cohesive and bleeding is very less 

compared to that of CCC. Evaporation of bleed water takes place rapidly which makes HPC more prone to plastic shrinkage cracks. 

Critical time to start forming of plastic shrinkage cracks is around the initial setting time. Therefore, plastic shrinkage cracks can 

be very serious problem under curing condition of elevated temperature, low humidity and high winds, which accelerate the 

evaporation of water from fresh concrete. Therefore, to overcome this problem, curing process should start immediately after the 

placement of fresh HPC. Wet curing, if applied immediately, after the placement of concrete to combat plastic shrinkage cracks, 

as in the case of CCC, would also have harmful effects on the quality of surface layer of the hardened concrete. In case, wet curing 

is applied before final setting of the concrete, the curing water will dilute the cement paste near surface thereby increasing w/c 

ratio. As a result, strength and impermeability properties of concrete will be seriously hampered. Therefore, HPC should be cured 

at an early stage without applying water directly on the exposed surface of fresh concrete. This calls for entire curing procedure 

for HPC to be divided into two stages. Therefore, Curing of HPC is generally done in two stages-Initial curing and wet curing. 

Water is not used directly during the initial curing. Time of commencement of both stages of curing and their duration depends on 

the initial and final setting time of concrete. It is difficult to make a general specification for curing, applicable for all weather 

conditions as well as for all types of structural elements. Loss of moisture from fresh HPC depends on the ambient conditions, 

Wind velocity, temperature and Humidity and also exposed surface area to volume ratio(s/v).Structural geometry, reinforcement 

layout and construction methods have bearing on the initial curing procedure. 

 Silica fume 

 Definition 

Silica fume is also known as micro silica. It is very fine (small) pozzolanic material composed of amorphous silica produced by 

electric arc furnaces as by production of elemental silicon or Ferro silicon silica fume can be used in variety of cementite’s product 

such as concrete and mortars as well as polymer ceramic and rubber application. 

 Working of silica fume 

In cementations compounds, silica fume works on two levels, the first one is a chemical reaction called the "pozzolanic" reaction. 

The hydration (mixing with water) of Portland cement produces many compounds, including calcium silicate hydrates (CSH) and 

calcium hydroxide (CH). The CSH gel is known to be the source of strength in concrete. When silica fume is added to fresh 

concrete it chemically reacts with the CH to produces additional CSH. The benefit of this reaction is twofold; increased 

compressive strength and chemical resistance. The bond between the concrete paste and the coarse aggregate, in the crucial 

interfacial zone, is greatly increased, resulting in compressive strengths that can exceed 15,000 psi. The additional CSH produced 

by silica fume is more resistant to attack from aggressive chemicals then the weaker CH. 

The second function silica fume performs in cementations compounds is a physical one. Because silica fume is 100 to 150 times 

smaller than cement particle it can fill the voids created by free water in the matrix. This function, called particle packing, refines 

the microstructure of concrete, creating a much denser pore structure. Impermeability is dramatically increased, because silica 

fume reduces the number and size of capillaries that would normally enable contaminants to infiltrate the concrete. Thus silica 

fume modified concrete is not only stronger, it lasts longer, because it's more resistant to aggressive environments. As a filler and 

pozzolan, silica fume's dual actions in cementations compounds are evident throughout the entire hydration process. 

 Characteristics of Silica Fume 

a) Physical Properties 

 Diameter is about 0.1 micron to 0.2 micron 

 Surface area about 30,000 m²/kg 

 Density varies from 150 to 700 kg/m³ 

 When its density is about 550 kg/m³ it is the best suited as concrete additive 

b) Chemical Composition 

 Contains more than 90 percent silicon dioxide 

 Other constituents are carbon, sulphur and oxides of aluminum, iron, calcium, magnesium, sodium and potassium 

 Advantages of silica fume 

 Silica fume improves the properties of fresh and hardened concrete 
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 Fresh concrete made with silica fume is more cohesive 

 Silica fume reduces segregation and bleeding 

 Silica fume improves the durability of concrete 

 Lack of bleeding allows a more efficient finishing process 

 Durability of Silica Fume Concrete 

a) Resistance to Chemical Attack 

Silica fume checks sulfate attack by: 

1) Being very fine, it reduces permeability and the entry of sulfate ions. 

2) By consuming the calcium hydroxide in course of pozzolanic action, it checks conversion of mono-sulfo aluminate into 

ettringite. 

b) Resistance against Acidic Environment 

1) Silica fume reacts with lime present in paste matrix. Lime is considered as a dangerous compound, as it reacts with various 

chemicals causing expansion. 

2) Silica fume mortar has a better pore structure which vastly reduces permeability. 

3) Addition of silica fume as a partial replacement of cement reduces C3A content of the paste. C3A is seemed to react with acids 

causing expensive products. 

 Summary 

1) The usage of silica fume give us rise to an increase or boost in the fresh as well as hardened properties of concrete, with less 

cement and a concrete having better resistance for freezing and thawing than ordinary concrete 

2) Durability is improved through significant improvement in resistance to chemical attack. The main reasons for this are reduced 

permeability and reduced levels of calcium hydroxide as well. 

3) Reinforcement corrosion is vastly reduced due to improved permeability, increased resistivity and improved tensile strength 

as well. 

 Super plasticizer 

Super plasticizers also known as high range water reducers are chemicals used as admixtures. It’s improve the flow characteristics 

of suspensions such as in concrete applications. Their addition to concrete or mortar allows the reduction of water cement ratio, 

not affecting the workability of the mixture, and enables the production of self-consolidating concrete and high performance 

concrete. This effect drastically improves the performance of the hardening fresh paste. 

 Use of Super plasticizer 

Use of super-plasticizers becomes essential for designing mixtures to achieve HPC. As can be seen, the w/binder ratio has an 

important bearing on achieving the strength parameters. In order to achieve dense concrete with reduced permeability, super 

plasticizers of following types are in general use: 

1) Sulphonated Melamine Formaldehyde Condensates (SMF) 

2) Sulphonated Naphthalene Formaldehyde Condensates (SNF) 

3) Polycarboxylate Ether Super plasticizer (PCE) 

Of the above types, the latest and the most effective super-plasticizer if SNF based. ASTM also has recommended use of this 

type for attaining the optimum benefits like good workability and minimum w/binder ratio. Around 2% by weight of cementations 

materials is normally used for achieving required workability 

 Bentonite 

Bentonite is a type of clay that is usually refined from volcanic ash. Its high absorbency makes it a useful substance in industrial 

applications. While you may be able to purchase bentonite as wet clay or as a gel-like substance, it’s most common, affordable 

and versatile form is powder. In concrete construction Sodium bentonite, a clay material, has enjoyed a steady upsurge in popularity 

over the past several years. In panel form, it has become the choice of a growing number of architects and builders. As it takes in 

water, the clay swells to 15 times its original volume and pushes itself into cracks and voids. When it reaches its maximum volume, 

it stays in these areas permanently to seal against water. One firm’s panels are 4x4-foot corrugated cardboard with clay particles 

held within the flutes of the cardboard. The panels can be nailed, fastened with a powder-actuated tool, or simply laid in place for 

horizontal applications. 

Some water proofers are nervous about using bentonite panels. With other products, you can inspect the finished waterproofing 

application and confirm the integrity of the seal before backfilling. With bentonite panels, the seal doesn't form until the foundation 

is backfilled and water reaches the panel. Suppose something goes wrong? It's a nagging question for "traditional" water proofers. 

Bentonite has its advantages, however: It's safe to work with, non-polluting, easy and quick to apply, and can go on even at low 

temperatures. One company makes a sheet membrane that uses a compound of bentonite and butyl rubber. 
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 Sulfate Attack in Concrete 

Sulfate attack is a chemical breakdown mechanism where sulfate ions attack components of the cement paste. The compounds 

responsible for sulfate attack are water-soluble sulfate-containing salts, such as alkali-earth (calcium, magnesium) and alkali 

(sodium, potassium) sulfates that are capable of chemically reacting with components of concrete. 

Sulfate attack might show itself in different forms Depending on 

 The chemical form of the sulfate 

 The atmospheric environment which the concrete is exposed to 

 What happens when sulfates get into concrete? 

 When sulphate enter in to the concrete it makes ettengrites. 

 External Sources 

External sources of sulfate are more common and usually are a result of high-sulfate soils and ground waters, or can be the result 

of atmospheric or industrial water pollution. 

 Soil may contain excessive amounts of gypsum or other sulfate. 

 Ground water be transported to the concrete foundations, retaining walls, and other underground structures. 

 Industrial waste water 

Nature of reaction: (chemical, Physical) Sulfate attack processes decrease the durability of concrete by changing the chemical 

nature of the cement paste, and of the mechanical properties of the concrete 

 Chemical Processes 

The sulfate ion + hydrated calcium aluminates and/or the calcium hydroxide components of hardened cement paste + water 

= ettringite (calcium sulphoaluminate hydrate) 

C3A.Cs.H18 + 2CH +2s+12H = C3A.3Cs.H32 

C3A.CH.H18 + 2CH +3s + 11H = C3A.3Cs.H32 

The sulfate ion + hydrated calcium aluminates and/or the calcium hydroxide components of hardened cement paste + water 

= gypsum (calcium sulfate hydrate) 

Na2SO4+Ca (OH) 2 +2H2O = CaSO4.2H2O +2NaOH 

MgSO4 + Ca (OH) 2 + 2H2O = CaSO4.2H2O + Mg (OH) 2 

Two forms of Chemical reaction depending on Concentration and source of sulfate ions. Diagnosis Composition of cement paste 

in concrete. 

 Physical Process: 

 The complex physic-chemical processes of "sulfate attack" are interdependent as is the resulting damage. 

 Physical sulfate attack, often evidenced by bloom (the presence of sodium sulfates Na2SO4 and/or Na2SO4.10H2O) at 

exposed concrete surfaces. 

 It is not only a cosmetic problem, but it is the visible displaying of possible chemical and micro structural problems within the 

concrete matrix. 

 Both chemical and physical phenomena observed as sulfate attack, and their separation is inappropriate. 
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 Discussions and Conclusions 

In this paper we study the effect of silica fume, bentonite and Super plasticizer on strength of concrete and its durability. We use 

12% of silica fume as a replacement of cement and 3% of dosage of Super plasticizer. We made 22 cylinders for normal concrete, 

18 cylinders with addition of silica fume, bentonite, and silica fume + bentonite each for 7, 14 & 28 days and check their 

compressive strength and effect of silica fume. The results obtained are given above. 

After conducting the 20-Day testing procedure for sulfate resistance, the reduction in strength was tested. The cylinders were 

capped in Plaster of Paris and were tested in Universal Testing Machine. When the results were compared with those obtained 

from the Rebound Hammer testing, clearly indicated that the concrete cylinders containing silica fume showed greater resistance 

to deterioration caused by sulfate attack whereas the concrete cylinders which were prepared by using a normal batch showed a 

great reduction in strength after exposure to sulfate environment. 
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The quality of concrete in terms of uniformity, incidence or absence of internal flaws, cracks and segregation etc. Indicative of 

the level of workmanship employed, can thus be assessed   using the guidelines given below, which have been evolved for 

characterizing the quality of concrete in structures in terms of the ultrasonic pulse velocity. 

At the end we got the result that silica fume, bentonite and super plasticizers can be used for preparing high performance 

concrete. Super plasticizer is also used in order to attain high strength and make the concrete more workable in the presence of   

silica   fume. High compressive is normally the first property associated with silica fume concrete. The relationship between tensile, 

flexural and compressive strengths in silica fume concretes the same as those for ordinary strength concrete. Increase in 

compressive strength by using silica fume also results an increase in the tensile and flexural strength. This plays an important role 

when silica fume concrete is used in bridging, flooring, and roadway projects.  
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