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Abstract— Sand is a prime material used for preparation of 

mortar and concrete plays a major role in mix design. The 

construction industry demands only specific type of sand, 

for making mortar and concrete. This has led to a huge 

demand and degradation of natural sources. Shortage river 

sand has greater impact on construction industry. Hence 

there is a need alternative material to river sand such as 

GGBS, copper slag, quarry dust, foundry sand may be 

alternative for river sand. Ground granulated blast furnace 

slags are one of the promising sustainable solid wastes 

generated by industry. In order to address the scarcity of 

sand GBFS can be used as an alternative material. Present 

experimental work explores the possibility of using GBFS 

as replacement of natural sand in cement mortar. The main 

objective of the present work is to study drying shrinkage of 

mortar of ratios 1:3 and 1:4 by replacing the fine aggregate 

with GBFS at 0%, 25%, 50%, 75%, and 100% with w/c 

ratios of 0.45&0.56 respectively. A total no of 30 specimens 

of size hardly25 % is being used mostly in cement 

production. Hence, using GGBFS in place of sand may 

reduce the environment affects and also may give solution to 

scarcity of sand. The feasibility of the usage of ground 

granulated blast furnace slag (GGBFS) as percentage 

substitutes for fine aggregate in cement mortar is proposed 

in this study. Drying shrinkage is defined as the contracting 

of a hardened concrete mixture due to the loss of capillary 

water. This shrinkage causes an increase in tensile stress, 

which may lead to cracking, internal warping, and external 

deflection, before the concrete is subjected to any kind of 

loading. Evaporation of gel water changes the surface 

energy of the solid phase and causes further shrinkage. 

However, if the environment is wet or moist, the flow of 

moist will be spread from the environment to the specimen, 

the result being a volume increase or swelling. All Portland 

cement concrete undergoes drying shrinkage or hydral 

volume change as the concrete ages. (25x25x25) mm are 

tested for drying shrinkage using The hydral volume change 

in concrete is very important length comparator after 28 

days of curing period. The optimum percentage replacement 

of sand with GGBS for 1:3 and 1:4 mix proportions were 

determined. Drying shrinkage of specimens with 1:3 and 1:4 

ratios increased up to 75% replacement of fine aggregate 

with GBFS. Ground blast furnace slag is recommended to 

use as an alternative material to natural sand. 
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I. INTRODUCTION 

In India the conventional concrete and mortar is produced 

by using natural sand obtained from river bed as fine 

aggregate. Sand is a naturally occurring granular material 

composed of finely divided rock and mineral particles. The 

composition of sand is highly variable depending on the 

local rock sources and conditions. The construction industry 

demands only specific type of sand, for there construction 

activates. Environmental concerns are also been rising 

against uncontrolled extraction of natural sand and 

protection of the natural river bed against erosion and 

importance of having natural sand as a filter for ground 

water. In order to achieve reduced environmental pollution 

and impact use of by-products such as GGBS, copper slag, 

quarry dust, foundry sand have been proposed from recent 

past. 

In India, the steel manufacturing is one of the most 

successful industries. The world steel industry produces 

about 780 Million tons of crude steel and simultaneously 

approximately 300 Million tons of solid wastes. The average 

of about 200 to 400 Kg of solid by- product is generated per 

ton of crude steel. The total steel production in India is 

about 25Million Tons and the waste generated annually is 

around 10 Million Tons to the engineer in the design of a 

structure. Drying shrinkage can occur in slabs, beams, 

columns, bearing walls, prestressed members, tanks, and 

foundations. Drying shrinkage is a major reason for the 

deterioration of mortar. 

A. Significance of Work 

The ultimate focus of this research work on the drying 

shrinkage of mortar mixes with containing blast furnace slag 

and compares it with the plain mortar mix of ratio 1:3 and 

1:4.To find the partially replacement natural sand with GGBS 

of mortar and it directly influences both the economy in 

construction. 

B. Objective 

The main objective of the present work is to study drying 

shrinkage of mortar of ratios 1:3 and 1:4 by replacing the fine 

aggregate with GGBS at 0%, 25%, 50%, 75%, and 

100%. 

C. Scope of Work 

 To study the feasibility of using GBFS as fine aggregate 

by studying physical and chemical properties of GBFS. 

 To study the drying shrinkage of mortar by replacing fine 

aggregate with GGBS for 1:3 and 1:4 mix proportion. 

D. Granulated Blast Furnace Slag 

Granulated Blast furnace Slag (GBFS) is a by-product of iron 

manufacturing industry. Iron ore, coke and limestone are fed 

into the furnace, and the resulting molten slag floats above 

the molten iron at a temperature of about 1500ºC to 1600ºC. 

The molten slag has a composition of 30% to 40% silicon 

dioxide (SiO2) and approximately 40% CaO. In India, the 

steel manufacturing is one of the most successful industries. 

So application of this industrial waste like granulated blast 

furnace slag to reduce consumption of natural resources and 
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pollution of the environment. Blast furnace slag is a non-

metallic byproduct consisting essentially of calcium silicates 

and other bases. The size of slag is that passing through 4.75 

and retained on 150 micron IS sieve. GGBS has better water 

impermeability characteristics as well as improved resistance 

to corrosion and sulphate attack. As a result, the service life 

of a structure is enhanced and the maintenance cost reduced. 

Granulated blast furnace slag can be best substitution for 

fine aggregate in a cement mortar and concrete. 

E. GBFS as Fine Aggregate 

Granulated blast furnace slag is a non-metallic by product 

consisting essentially of calcium silicates and other bases. 

The size of slag is that passing through 4.75 and retained on 

150 micron IS sieve. Granulated blast furnace slag has 

similarly physical and chemical properties like fine 

aggregate. GGBS is collected from vizag steel plant for 

replacement of fine aggregate. 

F. Advantages of GBFS 

 Lower the heat of hydration and thermal shrinkage. 

 Improve resistance to attack by sulphate soils and sea 

water. 

 Provide higher resistance to chloride attack and reduces 

the risk of reinforcement corrosion. 

 Reduces heat in concrete. 

 Environment friendly energy by-product. 

 Reduces cost of construction. 

II. PRELIMINARY INVESTIGATION 

A. Cement 

Throughout the investigation Ordinary Portland Cement of 

53 grade is used. The cement used has been tested for 

various properties as per IS: 4031-1988 (part 4&5) and 

found to be conforming to specifications of IS: 8112- 

1989.The physical properties of cement are: 

Sl.no Properties of cement Value IS - CODE 

1 Specific gravity 3.10 IS:4031 part -5 

2 Initial setting time 120 IS:4031(part-5) 

3 Final setting of time 240 IS:4031(part-5) 

4 Standard Consistency 33% IS:4031(part-4) 

5 Fineness of cement 8.35 IS:2720(part-3) 

Table 1: 

B. Fine Aggregate 

Fine aggregate which consist of crushed stone, sand and 

gravel, are among the most abundant natural resources and a 

major basic raw material used in construction. The particles 

pass thought the 4.75 mm sieve, and predominantly retained 

on the 75 µm sieve are called fine aggregate .it is used for 

construction purposes like mixing in concrete & farming 

works etc. In this research work zone –II fine aggregate is 

used according to IS 383- 1970. 

 
Table 2: Physical Properties of Fine Aggregates 

C. Tests on Fine Aggregate 

Specific gravity of fine aggregate IS 2386 (Part-3)  

Water absorption  IS 2386 (Part-3) 

Sieve analysis IS 2386(part-1) 

D. Specific gravity 

To determine specific gravity of a given sample of fine 

aggregate as per IS: 2386 (Part III).The specific gravity 

gives information on the quality and properties of aggregate. 

The specific gravity of an aggregate is considered to be a 

measure of strength of quality of the material. 

1) Procedure: 

 Dry the pycnometer thoroughly& weigh it with the cap 

(W1). 

 Pycnometer is filled with aggregate to about 1/3 rd and 

weigh again (W2). 

 Add sufficient water till top and allow the entrapped air 

into escape. 

 After air bubble on the cap gently tight to avoid leakage 

of water. 

 Fill the pycnometer with water slowly up to top of cap 

without spilling (W3) through the Pipe. 

 Clean the pycnometer by washing with water 

thoroughly. 

 Fill the pycnometer with only water as alone and weigh 

it (W4) 

 Repeat the test twice as more and take the average for 

better result. 

E. Water Absorption Procedure 

 The aggregate sample is washed thoroughly to remove 

fines, drained and then placed in the wire basket and 

immersed in distilled water. 

 The basket and the aggregate should remain completely 

immersed in water for a period of 24±0.5 hours 

afterwards. 

 The basket and the aggregate are then removed from 

water and allowed to drain for a few minutes, after which 

the aggregates are transferred to one of the dry 

absorbent clothes. The sample is then weighed. The 

weight is noted as (W1) g. 

 The aggregate should be placed in oven at temperature 

100ºc to 110ºc for 24 hours .it should from oven and 

weight (W2) g. 

F. Observations for Fine Aggregate 

Weight of empty pycnometer (W1) =652g Weight of empty 

pycnometer+sand (W2) =1150g 

Weight of empty pycnometer+sand+water (W3) =1790g 

Weight of empty pycnometer +water (W4) =1460g 
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=2.83 

Weight of sample =500g 

Weight of oven dried sample =497g 

 

G. Observations for GFBS 

Weight of empty pycnometer (W1) =636g Weight of empty 

pycnometer+sand (W2) =1132g 

Weight of empty pycnometer+sand+water (W3) =1920g 

Weight of empty pycnometer +water (W4) =1565g 

 
=2.93 

Weight of sample =500g 

Weight of oven dried sample =492g 

 

H. Fineness Modulus of Fine Aggregate 

Fineness modulus is only a numerical index of fineness, 

giving some idea about, the mean size of the particles in the 

entire body of concrete. Determination of fineness modulus 

is considered as a method of standardization of grading of 

aggregates i.e. the main object of finding fineness modulus 

is to grade the given aggregate for the most economical mix 

and workability with minimum quantity of cement. It is 

obtained by sieving known weight of given aggregate in a 

set of standard sieves and by adding the percent weight of 

material retained on all the sieves and dividing the total 

percentage by 100. 

1) Procedure: 

 Take 1 Kg of sand from sample by quartering in clean 

dry plate. 

 Arrange the sieves in order of 4.75mm, 2.36mm, 

1.18mm, 600 µ, 300 µ, 150 µ from top to bottom. 

 Fix them in the sieve shaking machine with the pan at 

the bottom and cover at the top. 

 Keep the sand in the top sieve carry out the sieving in 

the set of sieves and arranged before for not less than 10 

minutes. 

 Find the weight retained in each sieve. 

 
Table 3: Observations for Fineness Modulus of Fine 

Aggregate 

I. Ground Granulated Blast Furnace Slag 

Ground granulated blast furnace slag (GGBFS) is obtained 

by quenching molten iron slag (a by-product of iron and 

steel making) from a blast furnace in water or steam. Results 

of many researches show that usage of GGBS is beneficial. 

Percentage of silica content present in GGBS is the main 

reason for using it as partial replacement of fine aggregate in 

this research. The granular form of GGBS is used in this 

research. The GGBS used in this study is acquired from 

vizag steel plant, Visakhapatnam, supplied by SVSS 

Enterprises Pvt. Ltd, Autonagar, Visakhapatnam. Physical 

and chemical properties as follows. 

 
Table 4: Physical Properties of GGBS 

 
Table 5: Chemical Properties of GGBS 

III. DETAILED INVESTIGATION 

A. Drying Shrinkage of Mortar 

Drying shrinkage is defined as the contracting of a hardened 

concrete mixture due to the loss of capillary water. This 

shrinkage causes an increase in tensile stress, which may lead 

to cracking, internal warping, and external deflection, before 

the concrete is subjected to any kind of loading. Evaporation 

of gel water changes the surface energy of the solid phase 

and causes further shrinkage. 

B. Casting of Specimens 

As per IS 4031 (part 10)-1988 Methods of physical tests for 

Hydraulic cement determination of Drying Shrinkage. This 

standard covers the procedure for determining the drying 

shrinkage of hydraulic cement as obtained on rectangular 

specimens, prepared and tested under specified conditions. 

 The materials for the standard test mortar shall be 

cement and standard sand in the proportion of 1:3 and 

1:4 by mass blended. 

 Mixing of all ingredients of cement mortar like fine 

aggregate, cement, cementitious materials into a 

homogeneous mixture. A wet mixing is done until a 

mixture of uniform colour is obtained 

 The quantity of water is determined from the w/c ratio 

of cement mortar. 

 
Fig. 1: Mixing of Cement and Fine Aggregate 
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 After the completion of mixing, the test specimen shall 

be moulded in Beam mould of 25 x25 mm size and 280 

mm internal length in two layers, each layer being 

compacted with the thumbs and forefingers by pressing 

the mortar into the corners, around the reference inserts 

and along the surfaces of the moulds until a 

homogeneous specimen is obtained. 

 
Fig. 2: Drying Shrinkage Mould Specimen 

 
Fig. 3: Casting Specimens 

 After the top layer has been compacted, the mortar shall 

be leveled off flush with the top of the mould and the 

surface smoothed with a few strokes of the trowel. 

During the operations of mixing and moulding, the 

hands shall be protected by rubber gloves. 

 After filling the moulds, place them immediately in a 

moist room or moist closet for 24 hr. Then remove the 

specimens from the moulds and immediately immerse in 

water at 27°C and allow them to remain there for 28 

days. 

 Remove the specimens from the water and measure its 

length using a length comparator. Protect specimens 

against loss of moisture prior to reading for initial 

length. The temperature of the test specimens at the time 

of initial measurement shall be 27°C Store the specimens 

2°C 

percent relative humidity. 

C. Testing Specimens 

The drying shrinkage is measured by using length 

comparator. Use for measuring length changes of hardened 

cement paste, mortar and concrete prismatic specimens to 

0.0001 inch accuracy. Specimens are placed between the two 

terminals on the Length Comparator. These terminals are 

equipped with collars, and both are shaped to meet the 

measuring studs cast into the ends of the test bars. The upper 

terminal is attached to the end of the indicator spindle and is 

adjustable due to the functioning of the indicator. The lower 

terminal is stationery, being attached to the base with a 

threaded elevating screw through the base and held in place 

with a hex lock nut. The upper terminal needs to be adjusted 

is to obtain a proper reading on the indicator in operating the 

Comparator, specimens should be placed into the instrument 

with the Indicator retracted. The specimen is set against the 

lower terminal and the indicator is released, very slowly and 

carefully, to allow contact of the upper terminal with the 

gage stud of the sample. 

IV. RESULTS AND DISCUSSION 

In this chapter, the test results are presented and discussed. 

The test results of drying shrinkage of cement mortar with 

0%, 25%, 50%, 75%, and 100% replacement of fine 

aggregate with GBFS. After attaining 28 days of curing 

shrinkage test is carried out up to 56 days and considered 

mix proportion 1:3 and 1:4 with w/c ratio 0.45 and 0.56 

respectively. 

The length of each mortar specimens of size 

(25x25x285) mm is measured by using length comparator 

confirming IS 9459-1980 immediately after curing. The 

length of specimens was measured for their change in length 

to calculate the drying shrinkage strain at different ages. The 

difference between original measurement and dry 

measurement expressed as percentage of dry length. The 

shrinkage strain values of 1:3 and 1:4 cement sand ratio are 

shown in figures. 

Drying shrinkage strain values of 1:4 cement -sand 

ratio increases with increase in percentage replacement of 

fine aggregate with GBFS In general by replacement of 

GBFS, it is observed increase in drying shrinkage strain. 

From the results it was observed that Drying shrinkage strain 

values of 1:4 mortar increased by 25%, 27%, 36%, 32% of 

25%50%,75%,100% replacement of fine aggregate with 

GBFS respectively . Due to increase in water absorption of 

GBFS drying shrinkage values of GBFS mortar is more when 

compare with plain mortar. 

 
Fig. 4: Variation of drying shrinkage strain valves of 1:3 

ratio at different levels of GBFS percentage 

 
Fig. 4: Variation of drying shrinkage strain valves of 1:4 

ratio at different levels of GBFS percentage 
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The Variation of Shrinkage strain values of 1:3 and 

1:4 mix ratio with replacement of fine aggregate with GBFS 

by 0%, 25%, 50%, 75%, 100%, are shown in the figure 5.3, 

5.4, 5.5, 5.6 and 5.7 respectively. The drying shrinkage of 

cement mortar is increased with increases in GBFS content. 

The rate of increase in the drying shrinkage of mortar was 

high up to the age of 28 days. After 28 days the drying 

shrinkage gradually decreases with increase in the age of 

mortar. 

The drying shrinkage value of 1:3 ratio is more 

when compare with 1:4 mix ratio for all percentage 

replacement of fine aggregate with GBFS. At 0% 

replacement drying shrinkage value of 1:3 ratio is increased 

by 14% than 1:4 ratios. At 25% replacement drying 

shrinkage value of 1:3 ratio is increased by 9% than 1:4 

ratios. At 50% replacement drying shrinkage value of 1:3 

ratio is increased by 17% than 1:4 ratios. At 75% 

replacement drying shrinkage value of 1:3 ratio is increased 

by 7% than 1:4 ratios. At 100% replacement drying 

shrinkage value of 1:3 ratio is increased by 4% than 1:4 

ratios. 

V. CONCLUSION 

Based on the experiment results presented in previous 

chapter, the following conclusion can be drawn: 

 Drying shrinkage percent increased when GBFS is 

replaced with fine aggregate to mixes compared with 

reference mix for all ratios. 

 The maximum drying shrinkage percent occurred at 75% 

replacement of fine aggregate with GBFS at all ages of 

drying shrinkage in 1:3 and 1:4 mix ratio. 

 The rate of increase in the drying shrinkage of mortar was 

high up to the age of 28 days. After 28 days the rate of 

increase of drying shrinkage decreases with increases in 

the age of mortar. 

 Water absorption of GBFS drying shrinkage values of 

GBFS mortar is more when compare with plain mortar. 

 The graphs show that the shrinkage increases with the 

increase in the age of the specimen. 

 The increase in shrinkage is more for 1:3 ratio rather than 

that of 1:4. 

 The replacement of fine aggregate with GBFS makes it 

more economical as it is more readily available than sand. 

 Ground blast furnace slag is recommended to use as an 

alternative material to natural sand. 
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