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Abstract— Concrete is one of the most important materials 

in today’s construction industry. In today’s construction 

industry demand of concrete is increasing rapidly. As per 

the common practice concrete is made up of cement, 

aggregates and water. Cement is the major constituent 

material of the concrete which produced by natural raw 

material like lime and silica. Cement has very vast 

consumption in today’s world. Once the day will come that 

there will be no natural resources available for making 

cement and hence there will be a need to find good 

alternative or replacement for cement which should have 

similar properties to cement. Industrial waste like Ground 

Granulated Blast Furnace Slag shows many chemical 

properties similar to cement. Ground Granulated Blast 

Furnace Slag has designated as GGBS, GGBFS, Slag or 

Slag cement. Use of GGBS as cement replacement will 

simultaneously reduces cost of concrete and help to reduce 

rate of cement consumption. GGBS is the by product of iron 

industry. Hence this technical literature shows similar 

properties between cement and GGBS and advantages and 

disadvantages of GGBS in concrete. 
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I. INTRODUCTION 

Concrete is made by Cement, Sand, Aggregate and Water. 

All ingredients of concrete are naturally and locally 

available except cement, but cement is also manufactured by 

natural and locally available lime and silica. Cement 

production process produces large emission of Carbon 

Dioxide (CO₂) which causes big environmental problem. As 

we all know that emission of carbon dioxide creates so 

many problems in environment which affects human health 

and so many things. 1 tone of carbon dioxide is estimated to 

be released to the atmosphere when 1tone of ordinary 

Portland cement is manufactured₁.  To minimise this 

problem we should use other alternatives for cement. But 

there is no perfect alternative for binding property of 

cement. Hence we can replace the cement with industrial by 

products like fly ash, silica fume, Rice Husk Ash and 

GGBS. Among these all GGBS have many similar 

properties with cement. 

Ground-granulated blast-furnace slag (GGBS) is 

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

iron and steel-making) from a blast furnace in water or 

steam, to produce a glassy, granular product that is then 

dried and ground into a fine powder. The chemical 

composition of a slag varies considerably depending on the 

composition of the raw materials in the iron production 

process. To obtain a good slag, the slag melt needs to be 

rapidly cooled or quenched below 800 °C in order to prevent 

the crystallization. 

GGBS can replace cement from 30 to 80%. Typically 40 to 

50% replacement is widely used. Concrete made with 

GGBS sets more slowly than normal concrete. Concrete 

made using GGBS continues to gain strength over a long 

period. Use of GGBS in concrete enhances properties like 

durability, workability and strength of a concrete. Use of 

GGBS reduces the risk of damage caused by alkali silica 

reaction; it provides higher resistance to chloride and 

sulphate attack. 

 
Fig. 1: Colour of GGBS and Cement 

II. CHEMICAL COMPOSITION OF GGBS 

The chemical composition of Ground Granulated Blast 

Furnace Slag (GGBS) is similar to that of cement clinker. 

Table No. 1 shows the approximate chemical composition of 

cement clinker, blast- furnace slag. 

SR. NO. Constituents 

Percentage Contents 

Cement 

Clinker 
GGBS 

1 CaO 60-67 30-45 

2 SiO₂ 17-25 30-38 

3 Al₂O₃ 3.0-8.0 15-25 

4 Fe₂O₃ 0.5-6.0 0.5-2.0 

5 MgO 0.1-4.0 4.0-17.0 

6 MnO₂  1.0-5.0 

7 Glass  85-98 

8 Specific Gravity 3.15 2.9 

Table 1: Approximate Oxide Composition of Cement 

Clinker and GGBS 

The performance of slag largely depends on the 

chemical composition, glass content and fineness of 

grinding. The quality of slag is governed by IS 12089of 

1987.  The physical state of aggregation of granulated slag 

shall be in the form of granules. The proportion of lumps 

exceeding 50 mm size shall not constitute more than 5 

percent of the mass of slag. 

Chemical properties of GGBS are tested in 

accordance with the Indian Standard: 4032:1985. The 

composition of Ground Granulated Blast-Furnace Slag shall 

comply with the following chemical requirement. 

1. Manganese oxide % 5.50 Max. 

2. Magnesium oxide % 17.0 Max. 

3. Sulphide sulphur  % 2.0    Max. 

4. Glass content        % 85.0  Min. 

Table 2: Specifications of GGBS as per IS 12089 of 1987 

https://en.wikipedia.org/wiki/Slag
https://en.wikipedia.org/wiki/Blast_furnace
https://en.wikipedia.org/wiki/Glassy
https://en.wikipedia.org/wiki/Iron_production
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In India, production of GGBS is about 78 million tons. All 

the slags are granulated by quenching the molten slag by 

high power jet, making 100% glassy slag granules of 0.4 

mm size. Indian Ground Granulated Blast Furnace Slag has 

been evaluated by A. K. Banerjee and the summary is given 

below in table no. 3. 

 
Tisco

78 

Tisco

90 

Durga

pur 

Rourk

ela 

Boka

ro 

Bhil

ai 

SiO₂ 31.66 31.50 33.00 33.50 
30.5

0 

32.5

0 

CaO 32.25 31.50 36.00 28.50 
29.5

0 

33.5

0 

Al₂O₃ 24.00 22.50 24.00 24.50 
25.0

0 

22.5

0 

MgO 5.92 10.00 4.00 8.00 8.50 8.00 

MnO 1.25 1.25 1.40 3.00 1.00 1.00 

FeO 0.80 0.85 1.00 1.00 1.00 0.80 

S 0.80 0.85 0.60 0.70 0.90 0.80 

Liquid 

Tempera

ture 

1430

C 

1482

C 
1457C 

1431

C 

1489

C 

143

0C 

Table 3: Compositions of some Indian Blast Furnace Slags 

GGBS is granular product with very limited crystal 

formation. It is not only a highly cementitious in nature and 

ground to cement fineness but also it hydrates like ordinary 

Portland cement. Following table shows physical properties 

of GGBS and ordinary Portland cement. 

Sr. No. Properties GGBS OPC 

1. Colour White Gray 

2. Specific Gravity 2.9 3.15 

3. Bulk Density 1200 Kg/m³ 1470 Kg/m³ 

4. Fineness 350 m²/kg 205 m²/kg 

Table 4: Physical Properties GGBS and Ordinary Portland 

Cement 

Fineness of GGBS influences in the strength 

development of concrete. In general more the fineness of 

GGBS more is the strength of concrete. Fineness of GGBS 

is dependent on energy saving and economic consideration 

which influences the reactivity of GGBS in concrete, early 

strength development of concrete and water demand in 

concrete.  Fineness of GGBS is different for different 

countries, in India it is found in between 3500-4500 cm²/g 

Blaine’s. 

 
Fig. 2: Emission of Carbon Dioxide (CO₂) 

 
Fig. 3: Emission of Carbon Dioxide (CO₂) 

III. HOW TO USE GGBS IN CONCRETE 

The blast furnace slag is mainly used in India for 

manufacturing slag cement. There are two methods for 

making Blast Furnace Slag Cement. In the first method blast 

furnace slag is interground with cement clinker along with 

gypsum. In the second method blast furnace slag is 

separately ground and mix with cement.  

Also GGBS can be used as the direct replacement 

of ordinary Portland cement, on a one-to-one basis by 

weight. Replacement level is varies between 30% to 80% of 

cement. Typically in India many RMC companies are used 

GGBS by adding it to batching plant along with the ordinary 

Portland cement, aggregates and water. The ratios of 

aggregates and water to cementitious material in the mix 

remain unchanged. The use of GGBS in addition to Portland 

cement in concrete in Europe is covered in the concrete 

standard EN 206:2013 and in India Indian Standard 

12089:1987 gives the specifications for manufacturing of 

Portland slag cement. 

IV. APPLICATIONS OF GGBS 

GGBS is used to make durable concrete structures in 

combination with ordinary Portland cement and /or the other 

pozzolanic materials like fly ash, silica fume, Rice husk ash. 

To improve the durability of structure, usage of GGBS 

along with OPC in concrete is recommended in BS 

6699:1986, ASTM C989:1982, IS 456:2000 and GGBS to 

OPC in the range of 25 – 70% shall be added to manufacture 

Portland Slag Cement as per Indian Standard 455:1989. 

GGBS can be used for following structures 

 All types of residential and commercial and industrial 

complexes. 

 Dams and other mass concreting works.  

 Water retaining structures. 

 Concrete roads and flyovers. 

 Ideal for use in marine construction. 

 Pre-cast concrete products. 

 Foundation and piles construction. 

 Increased flexibility to meet individual requirements in 

Ready Mix Concrete. 

V. ENGINEERING BENEFITS OF GGBS IN CONCRETE 

A. Durability 

 Alkalis are consumed in the concrete with GGBS during 

hydration process; reduce the Alkali Silica Reaction (A-

S-R). Figure No. 04 shows general relationship between 

GGBS concrete and normal concrete. 
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 GGBS in concrete improves resistant to sulphate attack 

due to reduction of Ca (OH) ₂ and lower the C₃A 

content. Figure No. 05 shows typical graph of sulphate 

resistant of OPC and GGBS concrete. 

 GGBS in concrete reduces diffusion of Chloride ions and 

hence improve the resistant against corrosion.   

 The total shrinkage of concrete containing GGBS was 

lower than 100% Portland cement. 

 Structural stiffness can be enhanced and load deflection 

can be minimised by using GGBS in concrete. 

 GGBS used in concrete reduce heat of hydration and 

minimise thermal cracks. 

 Permeability and surplus lime liberated during the 

hydration of OPC is reduced by using GGBS in concrete. 

 GGBS replacement in concrete reduces cement content 

for same strength thus reduces the cost of concrete and 

hence cost of project. 

 Indian Standard 456:2000 recommends addition of more 

than 50% GGBS where Chloride is encountered along 

with sulphates in place of Sulphate Resistant Cement. 

 
Fig. 4: Resistance to Alkali- Silica Reaction 

 
Fig. 5: Resistance to Sulfate Attack 

B. Strength 

 Concrete made with GGBS generally exhibit higher 

flexural strength for a given level of compressive 

strength. 

 Concrete with GGBS has higher proportion of the 

strength enhancing Calcium Silicate Hydrates (CSH) 

gel than the concrete made with Ordinary Portland 

Cement. 

 Concrete made with GGBS continues to gain strength 

and double its 28day compressive strength over a period 

of time. 

 Mechanism of GGBS:  

Cement +water= C-S-H+ Ca (OH) ₂ 
GGBS+ Ca (OH) ₂= C-S-H 

C. Sustainability 

 Replacing the Portland cement by GGBS helps in 

reducing CO₂ emission and in conserving non-

renewable resources of lime stone. 

 Use of GGBS in concrete is recognised by LEED 

(Leadership in Energy and Environmental Design) and 

adds points towards its certification. 

 The high volume of GGBS concrete system is 

environment friendly and the concrete so produced also 

demonstrates the attributes of high performance 

concrete (HPC). 

VI. PERFORMANCE OF GGBS IN CONCRETE 

A. Fresh Concrete 

1) Water Demand 

The replacement of cement with GGBS will reduce the unit 

water content necessary to obtain the same slump. This 

reduction of water demand will be increased with increase in 

GGBS. Water requirement is also depends on the fineness of 

GGBS. This is because of surface configuration and 

Particle shape and size of GGBS is different than 

cement particle. Use of GGBS in concrete will not allow 

water to loss immediately as the hydration of Slag Cement is 

slower than the Ordinary Portland Cement. 

GGBS allows for water reduction of 3 to 5% in 

concrete without any loss in workability. Water should not 

be added to GGBS concrete after dispatch from the concrete 

plant as it reduces strength and durability of the concrete.  

2) Placing, Compacting and Pumping 

GGBS makes concrete more fluid, making it easier to place 

into formwork easier to compact by vibration. GGBS 

concrete remains workable for longer periods allowing more 

time for placing and vibrating. Pumping is also easier due to 

the better flow characteristics 

GGBS having fineness of 6000 cm²/g and above 

shows significant effects on concrete workability. GGBS 

concrete sets slower than the normal concrete. Increase in 

percentage of GGBS used in concrete will increase the 

setting time of concrete. 

 

Fig. 6: Concrete with 50% GGBS 

B. Setting Times 

The initial setting time of concrete is dependent on the 

concrete’s constituents, curing conditions and its application 

use. Concrete with up to 30% GGBS will exhibit similar 

initial setting as concrete with Portland cement only. At 

replacement levels of 40 to 50% the initial set is likely to be 

extended by one to two hours and for concrete containing 
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more than 50% GGBS setting time maybe extended past 

three hours.  

Longer setting times can have the advantage of 

allowing concrete to be worked for longer periods meaning 

time delays, including delays in transport, between mixing 

and using concrete are less critical. They also reduce the risk 

of cold joints in larger concrete pours. 

Initial set of all concretes is extended in cold 

conditions and the effect of cold temperatures on extending 

the initial setting time of GGBS concrete is more 

pronounced. This effect can be 10 to 12 hours depending on 

conditions, concrete constituents and the section size of the 

pour. 

Following graph shows Relation between GGBS % in 

concrete and setting time of concrete. 

 
Fig. 8: Relation Between Setting Time of Concrete and % of 

GGBS 

C. Bleeding 

Concrete with up to 40% GGBS replacement does not 

exhibit different bleeding characteristics from that of 

concrete made with Portland cement. For higher percentages 

of GGBS there is a longer period of bleeding due to the 

increase in setting times of these mixes. Concrete should be 

allowed to bleed fully before finishing. Early finishing can 

lead to the remixing of the surface layer of the concrete 

which can reduce the surface integrity and lead to dusting 

and delamination. 

D. Power Floating 

Concrete produced with GGBS cement can be power floated 

in the same way as Portland cement only concrete. GGBS 

concrete stays in plastic for a longer time than non GGBS 

concrete enabling the contractor to achieve a very good 

quality finish. Experience in Ireland has shown that if using 

greater than 50% GGBS, particularly in cold weather, it may 

be necessary to change the finishing regime: 

Concrete could be placed late in the afternoon and 

power floated first thing the following morning. 

E. Curing 

Good curing practice is essential for all concrete. Horizontal 

surfaces in particular are susceptible to poor curing and 

problems such as plastic shrinkage cracking due to exposure 

to direct sunlight and strong drying winds. Properly cured 

GGBS concrete is more durable and ultimately stronger than 

concrete made with Portland cement only. Water in GGBS 

concrete takes slightly longer to combine chemically to form 

hydration products making GGBS concrete a little more 

sensitive to poor curing. To get the full benefit of GGBS in 

concrete, it is essential to protect against early loss of 

moisture over the first 7 days. 

F. Colour 

Normally concrete has greyish in colour due to its cement. 

Replacement of GGBS up to 30- 40% does not show any 

colour change. GGBS is white in colour hence replacement 

level 50% and above shows in colour change of concrete. 

Concrete become slightly whitish in colour. 

 
Fig. 9: Concrete with GGBS 70%. 

G. Admixtures 

GGBS concrete is compatible with all admixtures. However 

care should be taken if retarding agents are specified as 

GGBS can have a retarding effect on the set. 

VII. HARDEN CONCRETE 

A. Strength 

GGBS concrete has slightly slower strength development at 

early ages, but will have equal if not greater strength at 28 

days compared to non GGBS concrete. At 7 days GGBS 

concretes will have 50 to 60% of its characteristic strength 

compared to 70 to 80% for Portland cement only concrete at 

the same time. At 28 days GGBS concrete will have fully 

developed its characteristic strength and will continue to 

develop strength past 90 days. It is good practice to make 56 

day cubes when using GGBS concrete at 50% and above 

should there be any concern over later strength 

development. 

 

 
Fig. 10: Cubes of OPC and GGBS Concrete 
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VIII. CONCLUSION 

The paper represents the use of GGBS in concrete. The 

research has proven that GGBS is a good replacement for 

cement. But even though we cannot replace 100% cement 

with GGBS but we can replace cement with 80% GGBS 

which can save a huge amount of cement and less carbon 

dioxide will produce which will good for environment. Also 

due to its fineness property water requirement is low and 

workability is high which is also beneficial for strength and 

durability criteria of concrete.  
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