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ABSTRACT 

In the present experimental work an attempt was 

made to produce concrete with enhanced strength 

parameters and durability. Fibre reinforced 

concrete (FRC) is a concrete containing fibrous 

material which increases its structural integrity. It 

contains short discrete fibres that are uniformly 

distributed and randomly oriented. Fibres include 

steel fibres, glass fibers, synthetic fibers and natural 

fibers. Fibers are usually used in concrete to control 

cracking due to both plastic shrinkage and drying 

shrinkage. They also reduce the permeability of 

concrete and thus reduce bleeding of water. Taking 

these advantages into account a study was done on 

FRC. To produce durable concrete fibres only is not 

sufficient hence a pozzolanic material called silica 

fume was also used. We expect to achieve all the 

desired properties of a durable concrete using these 

two materials. As a preliminary work the properties 

of materials used were determined. It is very 

important to maintain workability of concrete, 

hence workability tests were done and dosage of 

super plasticizer was determined. The percentage of 

polypropylene fibre to be added was determined and 

fixed to be 0.6%. Cement was partially replaced 

with silica fume. Hence different combinations were 

adopted and cubes, cylinders and prisms were 

casted and were tested for strength and durability. 

 

KEYWORDS: Fibre Reinforced Concrete, durable 

Concrete fibres, Silica Fume 

 

1. INTRODUCTION 

Concrete is a composite construction material that is 

composed of cement (commonly Portland cement) and 

other cementitious materials such as fly ash and slag 

cement aggregate (generally a coarse aggregate made of 

gravels or crushed rocks such as limestone, or granite, 

plus a fine aggregate such as sand), water, and chemical 

mixtures. Concrete solidifies and hardens after mixing 

with water and placement due to a chemical process 

known as hydration. The water reacts with the cement, 

which bonds the other components together, eventually 

creating a robust stone-like material. Concrete is used 

to make pavements, pipe, architectural structures, 

foundations, motorways/roads, bridges/overpasses, 

parking structures, brick/block walls and footings for 

gates, fences and poles.  

 

The Ordinary Portland Cement (OPC) is one of the 

main ingredients used for the production of concrete 

and has no alternative in the civil construction industry. 

Unfortunately, production of cement involves emission 

of large amounts of carbon-dioxide gas into the 

atmosphere, a major contributor for green house effect 

and the global warming, hence it is inevitable either to 

search for another material or partly replace it by some 

other material. The search for any such material, which 

can be used as an alternative or as a supplementary for 

cement should lead to global sustainable development 

and lowest possible environmental impact. 

 

Concrete is a relatively brittle material, when subjected 

to normal stresses and impact loads. Tensile strength of 

concrete is approximately one tenth of its compressive 

strength. As a result of these characteristics, plain 

concrete members could not support loads and tensile 

stresses that occurred on concrete beams and slabs. 

Concrete members are reinforced with continuous 

reinforcing bars to withstand tensile stresses and 

compensate for the lack of ductility and strength. The 

addition of steel reinforcement significantly increases 

the strength of concrete, and results in concrete with 

homogenous tensile properties; however the 

development of micro cracks in concrete structures 

must be checked. The introduction of fibers is generally 

taken as a solution to develop concrete in view of 

enhancing its flexural and tensile strength. 

 

Concrete shrinks when it is subjected to a drying 

environment. The extent of shrinkage depends on many 

factors, including the properties of materials, 
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temperature and relative humidity of the environment, 

and the size of the structure. If concrete is restrained 

from shrinkage, tensile stresses develop and concrete 

may crack. Cracking due to restrained plastic shrinkage 

can be of critical concern in concrete construction such 

as highway pavements, slab cast on grade, and floors 

for parking garages. One possible method to reduce 

these adverse effects of cracking due to restrained 

shrinkage is addition of short and randomly distributed 

fibres. Addition of fibres is known to considerably 

reduce the crack width resulting from restrained 

shrinkage. 

 

Now a day the construction industry turning towards 

pre-cast elements and requirement of post-tensioning 

has made the requirement of the high strength of 

concrete invariable and the engineers had to overcome 

these drawbacks, which to a great extent we have been 

able to do. The construction today is to achieve savings 

in construction work. This has now turned into one of 

the basic requirement of concreting process. 

 

 2.   FIBRES IN CONCRETE 

Fibre reinforced concrete (FRC) is concrete containing 

fibrous material which increases its structural integrity. 

It contains short discrete fibers that are uniformly 

distributed and randomly oriented. Fibers include steel 

fibers, glass fibers, synthetic fibers and natural fibers. 

Fibres are usually used in concrete to control cracking 

due to both plastic shrinkage and drying shrinkage. 

They also reduce the permeability of concrete and thus 

reduce bleeding of water. Some types of fibers produce 

greater impact, abrasion and shatter resistance in 

concrete. Generally fibers do not increase the flexural 

strength of concrete, and so cannot replace moment 

resisting or structural steel reinforcement. Indeed, some 

fibers actually reduce the strength of concrete. 

 

The amount of fibres added to a concrete mix is 

expressed as a percentage of the total volume of the 

composite (concrete and fibers), termed volume 

fraction (Vf). Vf typically ranges from 0.1 to 3%. 

Aspect ratio (l/d) is calculated by dividing fiber length 

(l) by its diameter (d). Fibres with a non-circular cross 

section use an equivalent diameter for the calculation of 

aspect ratio. If the modulus of elasticity of the fibre is 

higher than the matrix (concrete or mortar binder), they 

help to carry the load by increasing the tensile strength 

of the material. Increase in the aspect ratio of the fibre 

usually segments the flexural strength and toughness of 

the matrix. However, fibres which are too long tend to 

"ball" in the mix and create workability problems. 

 

 

The effects of fibres on the behavior of plastic and 

hardened concrete vary depending on the concrete 

materials, mix proportions, fibre type and length, and 

quantity of fiber added. Research from various sources, 

though, generally agrees that adding synthetic fibers to 

concrete can improve the following properties: 

 Impact resistance (increases of 10% to 50%) 

 Abrasion resistance (increases of 20% to 52%) 

 Permeability (decreases of 33% to 45%) 

 Toughness, or post-crack integrity (increases of 

15%) 

Concrete made with Portland cement has certain 

characteristics: it is relatively strong in compression but 

weak in tension and tends to be brittle. The weakness in 

tension can be overcome by the use of conventional rod 

reinforcement and to some extent by the inclusion of a 

sufficient volume of certain fibres. The use of fibres 

also alters the behavior of the fibre-matrix composite 

after it has cracked, thereby improving its toughness. 

 

WORKING OF SYNTHETIC FIBRES IN EARLY 

AGE CONCRETE 

Early age volume change in concrete cause weakened 

planes and cracks to form because a stress exists which 

exceeds the strength of concrete at a specific time. The 

growth of this micro shrinkage cracks is inhibited by 

mechanical blocking action of synthetic fibres. The 

uniform distribution of fibres throughout the concrete 

discourages the development of large capillaries caused 

by bleed water migration to the surface. Synthetic fibre 

lower permeability through the combination of plastic 

crack reduction and reduced bleeding characteristics. 

 

WORKING OF SYNTHETIC FIBRES IN 

HARDENED CONCRETE 

Hardened concrete attributes provided by synthetic 

fibres are lowered permeability and resistance to 

shattering abrasion and impact forces. The ability to 

resist shattering forces is greatly enhanced with 

introduction synthetic fibres to concrete. When plain 

concrete is constrained it will shatter and fail at first 

crack. Synthetic fibres manufactured specially for 

concrete prevents the effect of shattering forces by 

tightly holding the concrete together. Abrasion 

resistance is provided when synthetic fibres are used 

because water cement ratio at surface is not lowered by 

variable bleed water. The water-cement ratio is more 

consistent at concrete surface. Synthetic fibres reduce 

amount of plastic cracking of concrete. This improves 

impact resistance of concrete. The relatively low 

modulus of elasticity provides absorption 

characteristics. 
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3. MATERIALS USED AND THEIR PROPERTIES 

Various materials used for the experimental study are 

the following: 

 

SILICA FUME: 

Silica fume also referred as microsilica or condensed 

silica fume is another material that is used as an 

artificial pozzolanic admixture. It is a product resulting 

from reduction of high purity quartz with coal in an 

electric arc furnace in the manufacture of silicon or 

ferrosilicon alloy. When quartz are subjected to 20000C 

reduction takes place and SiO vapours get into fuels. In 

the course of exit, oxidation takes place and the product 

is condensed in low temperature zones. In the course of 

exit, Silica fume rises as an oxidized vapour, oxidation 

takes place and the product is condensed in low 

temperature zones. When the silica is condensed, it 

attains non- crystalline state with ultra fine particle size. 

The super fine particles are collected through the filters.  

 

 

SUPER PLASTCIZER: 

Super plasticizers or chemical admixtures are added to 

concrete mix to improve workability and reduce water 

content. These can be added to concrete mix having a 

low to- normal slump and water cement ratio to 

produce high slump flowing concrete. The effect of 

super plasticizers lasts only for 30to 60 minutes, 

depending on composition and dosage and is followed 

by rapid loss in workability.  
 

CEMENT: 

Cement is a material that has cohesive and adhesive 

properties in the presence of water. Such cements are 

called hydraulic cements. These consist primarily of 

silicates and aluminates of lime obtained from limestone 

and clay. There are different types of cement, out of 

that I have used two types i.e. 

 Ordinary Portland cement 

 Portland slag cement 

 

Table: 1 Composition limits of Portland cement 

 

Ingredient Percentage Content 

CaO (Lime) 60 – 67 

SiO2  (Silica) 17 – 25 

Al2O3(Alumina) 3- 8 

Fe2O3 (Iron Oxide) 0.5 – 6 

MgO (Magnesia) 0.1 – 4 

Alkalies 0.4 - 1.3 

Sulphur 1 – 3 

(Reference: Book concrete technology M.S Shetty ) 

 

AGGREGATES: 

Aggregate properties greatly influence the behavior of 

concrete, since they occupy about 80% of the total 

volume of concrete. The aggregate are classified as 

Fine aggregates 

Fine aggregate are material passing through an IS sieve 

that is less than 4.75mm gauge. Usually natural sand is 

used as a fine aggregate at places where natural sand is 

not available crushed stone is used as a fine aggregate.  

 

COARSE AGGREGATES 

The materials which are retained on a 4.75mm sieve are 

called coarse aggregate. Coarse aggregate forms the 

main matrix of the concrete. The nature of work decides 

the maximum size of the coarse aggregate.  

 

WATER: 

Water is an important ingredient of concrete as it 

actively participates in the chemical reaction with 

cement. Since it helps to form the strength giving 

cement gel, the quantity and quality of water is required 

to be looked into very carefully. Potable water is 

generally considered satisfactory. In the present 

investigation, tap water was used for both mixing and 

curing purposes. 

 

POLYPROPYLENE FIBRES: 

Polypropylene fibre was first used to reinforce concrete 

in the 1960s. Polypropylene is a synthetic hydrocarbon 

polymer, the fibre of which is made using extrusion 

processes by hot- drawing the material through a die. 

Polypropylene fibres are produced as continuous mono- 

filaments, with circular cross section that can be 

chopped to required lengths, or fibrillated films or tapes 

of rectangular cross section. 

Polypropylene fibres are hydrophobic and therefore 

have the disadvantages of poor bond characteristics 

with cement matrix, a low melting point, high 

combustibility and a relatively low modulus of 

elasticity. Long polypropylene fibres can prove difficult 

to mix due to their flexibility and tendency to wrap 

around the leading edges of mixer blades. 

Polypropylene fibres are tough but have low tensile 

strength and modulus of elasticity; they have a plastic 

stress-strain characteristic. Monofilament polypropylene 

fibres have inherent weak bond with the cement matrix 

because of their relatively small specific surface area. 
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Fibrillated polypropylene fibres are slit and expanded 

into an open network thus offering a larger specific 

surface area with improved bond characteristics. 

 

 

4. MATERIAL PROPERTIES  

   

Silica Fume: 

Silica fume used was confirming to ASTM- (1240-

2000) and was supplied by “ELKEM INDUSTRIES”. 

Table: 2 Chemical and Physical Properties of silica 

fume: 

 
As per manufacturers manual 

 

Super Plasticizer: 

In this investigation super plasticizer- CONPLAST-SP 

430 was used. It confirms to IS: 9103- 1999. The 

properties of super plasticizer are shown below: 

Table 3: Properties of super plasticizer 

Cement : 

Ordinary Portland Cement of Ultra tech brand of 53 

grade confirming to IS: 12269-1987 was used in the 

present study. The properties of cement are shown 

below: 

Table: 4 Physical properties of cement 
 

Properties Values 

Specific gravity 3.1 

Normal consistency 32% 

Initial setting 45 mins 

Fineness 5% 

*As per manufacturers manual 

 

Fine Aggregate: 

 

Natural sand as per IS: 383-1987 was used. The 

properties are: 

 

Table: 5 Physical properties of fine aggregates 

 

Characteristics Value 

Type Natural 

sand 

Specific gravity 2.57 

Fineness modulus 2.28 

Grading zone II 

 

 

Coarse Aggregate: 

 

Crushed aggregate confirming to IS: 383-1987 was 

used. 

 

Table: 6 Properties of coarse aggregates 

 

Characteristics Value 

Type Crushed 

Specific gravity 2.74 

Maximum size 20mm 

*As per manufacturers manual 

 

Fibre: 

Polypropylene fibre (CTP 2024) is a type of fibre 

developed after vast research in the area. Polypropylene 

Components Value 

Chemical Properties % 

SiO2 90 – 96 

Al2O3 0.5 – 0.8 

MgO 0.2 – 1.5 

Fe2O3 0.2 – 0.8 

CaO 0.1 – 0.5 

Na2O 0.2 – 0.7 

K2O 0.4 – 1.0 

C 0.5 – 1.4 

S 0.1 – 0.4 

Loss of Ignition 0.7 – 2.5 

Physical Properties 

Specific gravity 2.2 

Surface area (m
2
/Kg) 20,000 

Size (Micron) 0.1 

Bulk Density (Kg/m
3
) 576 

Specific Gravity 1.220 – 1.225 

Chloride content NIL 

Air entrainment approximately 1% 
additional air  is 

entrained 
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fibres of 6mm, 12mm, 18mm, and 24mm are available. 

Fibres of length 12mm and aspect ratio 340 was used 

for the experimental work here. 

 

Table: 7 Specifications of the fibre 

 

Cross section Triangular 

Fibre length 12mm 

Dispersion Excellent 

Specific gravity 0.91 

Color Brilliant white 

Melt point 160
◦
c 

Filament diameter (25- 45) microns 

Alkali resistance Very good 

U V stability Good – very good 

Electrical conductivity Low 

 

*Reference: ( literature provided with the fibre) 

 

5   EXPERIMENTAL PROGRAMMES 

 

Mix design 

Mix design is known as the selection of mix ingredients 

and their proportions required in a concrete mix. There 

are several methods of mix design used throughout the 

world. Eventually, all of these methods follow the same 

procedure and produce similar results. In India the most 

commonly used method for mix design is the Indian 

Standard Method. The mix design involves calculations 

of the amount of cement, fine aggregate and coarse 

aggregate in addition to other related parameters. The 

mix design calculations are dependent on the properties 

of the constituent materials. 

 

MIX PROPORTION FOR M35 GRADE 

CONCRETE 

Table 9: Mix proportion for M35 

Water Cement 
Fine 

aggregate 

Coarse 

aggregate 

185.4 

Kg/m
3
 

515 

Kg/m
3
 

463.5 

Kg/m
3
 

1501.33 

Kg/m
3
 

0.36 1 0.9 2.92 

 6.  OUTLINE OF THE PRESENT WORK 
 

In the present investigation an effort was made to 

study the influence of polypropylene fibres and silica 

fume on strength and durability parameters of 

concrete. Cement was replaced partially with silica 

fume which has proved to be an efficient mineral 

admixture due to its pozzolanic action and fineness 

which enables good particle packing. Polypropylene 

fibre which is a synthetic fibre is used for the production 

of fibre reinforced concrete. At first, fibres were added 

in varying percentages (0.2%, 0.4%, 0.6%, 0.8%) to the 

weight of cement and cubes, cylinders and prisms of 

size 150mmx150mmx150mm, 150 mm diameter and 

300 mm height and 750mmx 750mm x 150mm were 

casted. And these specimens were tested for 

compression, split tensile strength and flexural strength. 

The percentage of fibre which gave maximum strength 

values was taken as the optimum dosage of fibre and 

this percentage was used for the further study. Thus 

optimum dosage of fibre was obtained as 0.6%. Cement 

was replaced with silica fume by 5%. 

The following mixes were considered: 

M1 OPC 

M2 OPC+5% Silica Fume 

M3 OPC+0.6% Polypropylene Fibre 

M4 
OPC+5% Silica Fume+0.6% Polypropylene 

Fibre 

 

Cubes, cylinders and prisms were casted and 

testes for 7 and 28 days strength with 0.6% addition of 

polypropylene fibres and 5% replacement of silica 

fume. Super plasticizer was added for better 

workability and optimum dosage of super 

plasticizer was determined using marsh cone test. Thus 

various strength parameters were studied. Apart from 

this certain durability tests were also performed. 

Various tests conducted are discussed below. 

 

7.  TESTS RESULTS AND DISCUSSIONS 
 

TESTS ON CEMENT 

Table: 10 Effect of Silica Fume on consistency of 

cement: 

% of cement replaced 

by Silica Fume 

Consistency 

(%) 

0 32 

5 36 
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Table: 11 Effect of Silica Fume on compressive 

strength of cement: 

 

Percentage of 

cement 

replaced by 

Silica Fume 

3 Days 

strength 

(Mpa) 

7 Days 

strength 

(Mpa) 

0 16.83 22.50 

5 20.33 28.38 
 

 

Discussion: 

From the tests results obtained it shows that there is an 

increase in the consistency of cement with the 

replacement of silica fume by 5%. Studies have proved 

that consistency increases with increase in percentage 

of silica fume. Silica fume has influence on 

compressive strength of cement mortar. The strength 

values at 3 and 7 days are found to be increased. But 

the increase in strength is not very much significant. 

 

TESTS ON FRESH CONCRETE 

Marsh Cone Test:

 
 

Fig 3 Marsh cone time of cement paste with and 

without silica fume Vs dosages of  super plasticizer 

in M35 grade concrete 

 

Table: 12 Effect on slump and compaction factor: 

Parameters 
Slump 

(mm) 

Compaction 

Factor 

0% of Silica Fume 102 0.9 

5% of Silica Fume 45 0.88 

5% of Silica Fume + SP 106 0.91 

 
Discussion: 

The percentage of super plasticizer to be added was 

determined from the marsh cone test. By analyzing the 

flow time the percentage was fixed to be 0.65%. Silica 

fume also has influenced the slump and compaction 

factor value. Super plasticizer was added to obtain 

required workability. 

 

 

TESTS ON HARDENED CONCRETE  

 

Test results for Optimum dosage of fibres. 

 

Table: 13 Optimum Dosage of polypropylene fibre: 

Fibre 

(%) 

Compressive 

Strength 
(N/mm2) 

Split 

Tensile 

strength 
(N/mm2) 

Flexural 

Strength 
(N/mm2) 

0.2 25.77 1.71 3.37 

0.4 26.66 1.82 4.24 

0.6 29.23 2.65 4.43 

0.8 29.75 1.78 3.56 

 
Compressive strength results:  

 

Table: 14 Compressive strength of cubes: 
 

Parameters 

6-Days 

strength 

(MPa) 

28 Days 

strength 

(MPa) 

OPC 25.21 36.30 

OPC+SILICA FUME 29.38 42.37 

OPC+PP FIBRE 27.50 38.46 

OPC+SF+PP FIBRE 30.95 40.29 
 

 

Fig: 4 Effect on Compressive strength of cubes 
 

Split Tensile Strength results:  

 

Table: 15  Split tensile Strength: 

 

Parameters 

6-Days 

strength 

(MPa) 

28 Days 

strength 

(MPa) 

OPC 3.11 4.12 

OPC+SILICA FUME 3.56 4.67 

OPC+PP FIBRE 3.98 5.23 

OPC+SF+PP FIBRE 3.87 4.735 
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Fig: 5 Effect on Split tensile strength of concrete 

 

Flexural Strength results: 
 

Table:16  Flexural Strength: 

 

Parameters 

6-Days 

strength 

(MPa) 

28 Days 

strength 

(MPa) 

OPC 3.89 5.84 

OPC+SILICA FUME 4.04 6.01 

OPC+PP FIBRE 4.83 7.75 

OPC+SF+PP FIBRE 4.53 6.99 

 
Fig: 6 Effect on Flexural Strength of concrete 

Compressive strength of cubes and cylinders 

 

Table: 17  Comparison of Compressive strength of 

cubes and cylinders at 60 days: 

 

Parameters 

Compressive 

strength of 

cubes at 60 

days 

Compressive 

strength  of 

cylinders at 

60 days 

OPC 40.37 36.73 

OPC+SILICA 

FUME 
57.44 49.78 

OPC+PP FIBRE 49.84 40.98 

OPC+SF+PP 

FIBRE 
54.43 46.13 

 
 

Fig: 7 Comparison of compressive strength of 

cubes and cylinders 

 

Modulus of Elasticity values: 

 

 
 

Fig: 8 Stress-Strain Curve (Loading Unloading) 

for various combinations 

 

Table: 18  Modulus of elasticity 

 

 

Parameters 

Modulus Of 

Elasticity (GPa) 

OPC 23.24 

OPC+SILICA FUME 25.38 

OPC+PP FIBRE 31.75 

OPC+SF+PP FIBRE 28.59 

 

 

Poisson’s Ratio values: 

 

Table: 19  Poisson’s Ratio: 

 

Parameters Poisson’s ratio 

OPC  0.114 

OPC+SILICA FUME 0.199 

OPC+PP FIBRE 0.169 

OPC+SF+PP FIBRE 0.242 
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Table: 20 Density of Cubes and Cylinders: 

 

Parameters 

Density of 

cubes at 60 

Days 

(Kg/m
3
) 

Density of 

Cylinders 

at 60 days 

(Kg/m
3
) 

OPC 2522.37 2380.709 

OPC+SILICA FUME 2551.703 2402.42 

OPC+PP FIBRE 2533.33 2393.353 

OPC+SF+PP FIBRE 2413.629 2306.15 

 

 

Fig: 9 Comparison of density of cubes and 

cylinders 

 

Discussion: 

The partial replacement of cement by silica fume and 

addition of polypropylene fibres into concrete is found 

to have positive impacts. The combination with both 

silica fume and fibre found to have maximum 

compressive strength. Where as in case of flexural and 

split tensile strength the combination with 

polypropylene fibre gives maximum results followed 

by other combinations. In every combination an 

enhancement in strength is observed compared to the 

conventional concrete. Compressive strength of cubes 

and cylinders almost has same pattern values except 

that compressive strength of cubes is higher than that of 

cylinders. These combinations also have effect on 

modulus of elasticity and poisons ratio of concrete. 

The fibre only mix has maximum modulus of elasticity 

whereas the mix with polypropylene fibre and silica 

fume gave highest poisons ratio. 

 

DURABILITY TESTS 

Acid Resistance test results: 

Table: 21 Effect of acid attack on weight and 

compressive strength of cubes 

Parameters 
Loss in 

Weight (%) 

At 30 Days 

Loss in 

Compressive 

strength (%) 

At 30 Days 

OPC 4.4 11.91 

OPC+SILICA FUME 2.81 8.18 

OPC+PP FIBRE 4.14 9.78 

OPC+SF+PP FIBRE 1.93 6.44 

 

 

Fig: 10 Effect of acid attack on weight and 

compressive strength of cubes 

 

Sulphate Attack test results: 

Table: 22 Effect of sulphate attack on weight and 

compressive strength of cubes 

Parameters 

Loss in 

Weight 

(%) At 30 

Days 

Loss in 

Compressive 

strength (%) 

At 30 Days 

OPC 4.14 7.87 

OPC+SILICA FUME 2.11 4.98 

OPC+PP FIBRE 2.46 6.10 

OPC+SF+PP FIBRE 1.68 5.45 

 

Fig: 11 Effect of sulphate attack on weight and 

compressive strength of cubes 
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Water absorption and porosity: 

Table: 23 Water absorption and porosity values 

 

Parameters 

Saturated 

water 

absorption 

at 60 days 

(%) 

Porosity at 

60 days 

(%) 

OPC 2.16 3.24 

OPC+SILICA FUME 1.89 2.56 

OPC+PP FIBRE 2.93 4.34 

OPC+SF+PP FIBRE 1.927 2.15 

 

Fig: 12 Effect of silica fume and fibre on water 

absorption and porosity 

Initial surface absorption test: 

Table: 24  Water permeability due to initial 

surface absorption test 

Parameters 

Average rate of 

penetration of water at 

60 days (ml) 

OPC 16.5 

OPC+SILICA FUME 9.6 

OPC+PP FIBRE 14.8 

OPC+SF+PP FIBRE 11.2 

 

Fig: 13 Water permeability due to initial surface 

absorption test 

Thermo shock: 

Table: 25 Compressive strength of concrete cubes 

before and after thermo shock 

 

Parameters 

Compressive strength at 
60 days in (MPa) 

Without 

thermo-

shock 

Temperature in °C 

100°
C 

200° 
C 

300° 
C 

OPC 41.38 37.33 34.28 32.62 
OPC+SILICA 
FUME 

57.92 52.88 48.66 39.77 

OPC+PP 
FIBRE 

51.25 48.44 46.67 37.33 

OPC+SF+PP 
FIBRE 

55.38 53.33 50.82 46.44 

 

Fig: 14 Compressive strength of cubes after 

thermo shock 

Discussion: 

The action of acids on concrete is the conversion of 

calcium compounds into calcium salts of the attacking 

acid. These reactions destroy the concrete structure. The 

mix with fibre and silica fume shows maximum 

durability to acid and sulphate attack. Saturated water 

absorption and porosity is the measure of volume of 

pores in hardened concrete. Saturated water absorption 

and porosity is minimum in combination with both fibre 

and silica fume. Hence it is found to have better 

durability compared to other combinations. In case of 

initial surface absorption test the mix with silica fume 

only showed least water permeability. The combination 

with fibre and silica fume obtained highest compressive 

strength values at higher temperatures proving to have 

enhanced durability under thermo shock. 
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8.  CONCLUSIONS 

 

Extensive experimentation was carried out to study the 

effects of silica fume and fibres in strength and 

durability of concrete and the following conclusions 

were arrived at from the present investigation. 

1) Consistency of cement depends upon its fineness. 

Silica fume is having greater fineness and surface 

area compared to cement so the consistency 

increases greatly, when silica fume is added. 

 It was observed that normal consistency increases 

about 12.5% when cement was replaced with 5% of 

silica fume. 

 

2) The results of the present investigation indicate that 

other mix design parameters remaining constant, 

silica fume and polypropylene incorporation in 

concrete results in significant improvements in the 

strength parameters and durability of concrete. From 

tests conducted on hardened concrete following 

conclusions were made. 

 Compressive strength is found to be maximum in the 

mix M2, followed by the mix M4. This is thought to 

be due to improved densification of the cement 

matrix and also to stronger bonding in the inter-

facial zone between the cement paste and 

aggregates. Compressive strength is found to have an 

increase of about 16.5% in M2, 11% in M4 and 6% 

in M3 at 7 and 28 days strength. From the 

comparison made between compressive strengths of 

cubes and cylinders following results were obtained. 

42.28% and 35.4% for M2, 34.83% and 25.6% for 

M4 and 23.45% and 11.58% for M3 increase in 

compressive strength at 60 days for cubes and 

cylinders respectively. Cubes are found to have an 

increase in strength of about 18% than cylinders at 

60 days. Hence in case of compressive strength of 

cubes and cylinders silica fume is found to have 

better influence compared to fibres. 

 Split tensile strength is found to have an increase of 

27.9% & 26.9% for M3, 24.43% & 14.9% for M4 

and 14.4% & 13.34% for M2 at 7 and 28 days 

respectively. M3 is found to have maximum increase 

also strength development is maximum at early age. 

It can also be concluded that polypropylene fibre if 

having better effect on split tensile strength of 

cylinders. 

 Increase in strength is 24.16% & 32.7% for M3, 

16.45% & 19.69% for M4, 3.85% & 2.91% for M2 

in case of flexural strength at 7 and 28 days 

respectively. It can be noted that strength 

development is larger at early age and addition of 

fibre shows better results. Thus flexural strength is 

found to have better enhancement compared to split 

tensile strength with addition of fibres. Also increase 

in split tensile strength and flexural strength due to 

addition of silica fume is not much significant. 

 Modulus of elasticity is found to be maximum in M3 

ie. 31.75 GPa. This value is almost 36.62% higher 

than conventional concrete. M4 and M2 have 

28.59% and 25.38% increase respectively. Modulus 

of elasticity increased by the addition of fibre. Silica 

fume replacement has not contributed much to the 

increase of modulus of elasticity. The combination 

of both has a better effect on the same. Poisson’s 

ratio is maximum for M4 mix. It shows that 

including both fibres and silica fume in concrete will 

have a positive effect on poisons ratio. 

 Density values obtained was maximum for M2 and 

minimum for M4 in case of both cubes and 

cylinders. Thus including mineral admixture like 

silica fume will increase density of concrete. 

 

3) Conclusions from durability tests conducted: 

 The action of acids on concrete is the conversion of 

calcium compounds into calcium salts of the 

attacking acid. These reactions destroy the concrete 

structure. The percentage of loss in compressive 

strength was 11.91%, 8.18%, 9.78%, 6.44% for M1, 

M2, M3, and M4 respectively. Thus addition of fibre 

and silica fume is found to have increased the 

durability against acid attack. This is due to the 

silica present in silica fume which combines with 

calcium hydroxide and reduces the amount 

susceptible to acid attack. The fibres present will 

help in better bonding and thereby reducing cracks 

and permeability. 

 Percentage loss in compressive strength due to 

sulphate attack are as follows.7.87%, 4.98%, 6.10% 

and 5.45% for M1, M2, M3, and M4 respectively. 

M2 is having highest resistance to sulphate attack. 

Thus silica fume offers better durability to sulphate 

attack. The silica fume present helps in better 

particle packing due to its fineness and reducing 

ingress of sulphate solution. Also chemical 

properties of silica fume contribute to resistance to 

sulphate attack. 

 Saturated water absorption is a measure of pore 

volume or porosity in concrete. The water 

absorption value is found to be decreased with the 

addition of silica fume. This is due to improved 

particle packing of silica fume which reduces 

volume of pores in concrete structure. The mix M2 

shows least value of water absorption and thus 

improved durability compared to other mixes. The 

value is 1.89% which is 10.7% lower than water 
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absorption in M1 ie. Conventional concrete. Porosity 

is reduced with the addition of silica fume and fibre 

together. The mix M4 shows least porosity ie. 2.15 

which is almost 34% lower than porosity 

conventional concrete. 

 Water permeability due to initial surface absorption 

was minimum in M2. Thus it proves that addition of 

silica fume in concrete reduces water permeability 

and thereby increasing the durability of concrete. 

 Loss in compressive strength at lower temperature is 

due to dehydration and air void formation. This 

causes decomposition and formation of cracks in 

cement particles. Maximum compressive strength is 

obtained for M4 at all temperatures. This is due to 

stronger binding forces between paste and 

aggregates, provided by silica fume and 

polypropylene fibres added which gives better 

thermal stability. Hence addition of both fibres and 

silica fume is found to have enhanced durability. 

The strength values are found to be decreasing as 

temperature was increased. The decrease was less 

than10%, 8.5% and 5% at 100°C, 200°C and 300°C 

respectively. At higher temperatures it is said that 

fibres melt and this results in formation of pores in 

the matrix which has resulted in the reduction of 

strength in the mix M3 in which only fibre was used. 
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