
 

INTERNATIONAL JOURNAL OF ENV. DESIGN & CONST. MGT. 

(VOL. 10 NO.3) JUNE, 2019 EDITIONS 

 
  
 
 

1 

 

 

 

 

 

 

A REVIEW ON GROUND 

GRANULATED BLAST FURNACE 

SLAG CEMENT: THE NIGERIAN 

CASE. 
 

 

GANA.A.J & ALADEGBOYE .O.J & ONI EBENEZER 

.O.S 

Civil Engineering Department, College of 

Engineering Landmark University, Omu–Aran , 

Kwara state 

 

Abstract  

In Nigeria, and in other 

Countries of the world, 

concrete and steel 

structures are mostly 

used in the 

construction of 

different structures, 

such as Dams, Bridges, 

residential buildings, 

commercial buildings, 

schools, Health 

centre’s, Airports, and  

other related 

structures. The major 

constituents in the 

construction of 

concrete and steel 
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It is of importance 

note that cement 

producing factories in 

Nigeria are many and 

are doing well. Among 

these factories are the 

following:- 

(i) Cement Company 

of Northern 

Nigeria in Sokoto 

state. 

(ii) Edo Cement 

Company Limited 

in okpella in Edo 

state 

(iii) Bua Cement in 

Edo state 

(iv) Dangote 

Cement at 

Obajana in Kogi 

state 

(v) Ashaka Cement in 

Gombe state 

(vi) Lafarge Africa 

Cement in 

Sagamu, Ogun 

state and  

(vii) United Cement 

Company of 

Nigeria in Lagos 

state. 
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Blast Furnace Slag, 

latent Hydraulic 
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carbonation, alkali-
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structures are cement, 

aggregates, water and 

even in some cases the 

application of 

additives for special 

purposes as well as 

different types of steel 

structures. In Nigeria, 

not only the most 

expensive 

construction 

materials, but also 

with high scarcity and 

by product of steel 

production materials 

even in the local 

market have made it 

difficult for concrete 

structures to be built. 

Presently there are 

many cement factories 

in the country that 

produces million tons 

of cement for use, and 

there is no doubt that 

the country need more 

cement and steel 

supplies either 

produced locally or 

imported from the 

international 

market.However, in 

Nigeria, cement and 

steel production are 

not simple tasks as 

they require not only 

huge initial 

investments, but also 

very high operating 

costs due to intensive 

energy consumption 

during the production 

processes. This paper 

is aim at providing 

alternative current 

cost and scarcity 

problems of cement 

and steel with lower 

production costs in 

line with Ground 

Granulated Blast 

furnace slag as a 

cement replacing 

material, which is also 

a byproduct of steel 

production.

 

With much that has been realized with the above factories in the country, 
it is still discovered that the rate of cement production in the country is still 
very low, bearing in mind the usefulness of cement in many construction 
industries. The upgrading and improvement on cement producing sources, 
such as Ground Granulated Blast Furnace Slag will positively affects the 
construction of infrastructures facilities in the country. 
 

RESEARCH METHODOLOGY  
The research methodology adopted for this study was generally based on 
the following:- 

(1) Literature Review on the Topic:- There are quite a reasonable 

number of Literature materials on the subject of Ground Granulated 

Blast Furnace slag cement at Local and International levels that deal 

extensively on this subject. At local (National) level; effort was 

made to review those Literature materials; which assisted the 

research study. 
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(2) Assessment:- critical assessment was carried out on some present 

existing producing cement factories in different parts of Nigeria in 

order  to ascertained the adequate functioning of those factories 

and the present for constructional purposes within the country. 

 

 

PRODUCTION OF PIG IRON AND BLAST FURNACE SLAG   

The Blast Furnace Slag is the byproduct of pig iron production. In order to 

produce usable pig iron, the raw materials used are a mixture of iron ore, 

limestone and coke. A blast furnace is used to remove the impurities of the 

iron ore by forcing extremely hot air through a mixture of the iron ore, 

coke, and limestone, called the charge. Carts called skips dump the charge 

into the top of the furnace, where it filters down through bell-shaped 

containers called hoppers. Once in the furnace, the charge is subjected to 

air blasts that may be as hot as 8700C and the mixture will reach a 

temperature of about 15000C. The schematic layout of the pig iron and slag 

production is shown in fig 1 extracted from Encyclopedia. 

The furnace must be lined with a layer of firebrick, called the refractory, in 

order to sustain these temperature. Melted iron collects in the bottom of 

the furnance and the waste material, called slag, float on top of the molten 

pig iron depending on its specific gravity. The specific gravity of iron is 7.85 

and the slag which is the waste material with a specific gravity less than 

that of the pig iron. 
 

 

 

 

 

 

 

 

 

 

Fig. 1: Schematic layout of Pig Iron and Slag Production  
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Both of the melted iron and the slag are drained or tapped f-or further 

processing for different purposes for curiosity, the pig iron is about 92 

percent pure iron and the rest are other impurities such as silicon, 

manganese, carbon and others.  

As discussed earlier, the basic materials used for the manufacture of pig 

iron ore, coke, and limestone. The coke, residue left after the destructive 

distillation of cone which is composed of about 92 percent carbon, is burns 

the coke gives off carbon monoxide, which combines with the iron oxides 

in the ore reducing them to metallic iron.  

 Fe203+3c0= 3c02 +2Fe…………………..(1) 

The –limestone in the furnace charge is used as an additional source of 

carbon monoxide and as a “flux” to  combine with the infusible silica 

present in the ore to form fusible calcium silicate. Without the limestone, 

iron silicate would be formed with a resulting, loss of metallic iron. Calcium 

silicate plus other impurities form a slag that floats on top of the molten 

metal at the bottom of the furnace. At this stage the slag material is named 

as blast furnace. At this stage the slag material is named as blast furnace 

slag. 

                 

GRANULATED BLAST FURNACE SLAG 

Cement replacing material must have hydraulic properties in water so that 

they can replace the purpose of cement in concrete structures. This means 

that not all types of slag material are cement replace material but only 

those with hydraulic properties. For more than a century, slag was 

processed only by Air cooling method which involves the slow 

solidification of the molten slag in air. Slag processed by air cooling gives 

high density material which can be used as an artificial stone in roads 

construction and railway ballasts as will as aggregates in heavy duty 

concrete works.  

In 1853, a German blast furnace operator started water granulation of 

molten slag and was able to transport easily the slag material which were 

much lighter than those produced by air cooling method due to the gases 

and steam generated which expands the slag. As a result, the foaming 

method of cooling the slag is introduce, which involves the introduction of 

water under controlled conditions to the molten slag as it is tipped to the 
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collection pits at a low water/slag volume ratio. The slag prepared by 

foaming is much lighter than that of the slag produced by air cooling 

meyhod and this slag can be used in light weight concrete works, as loose 

in –fill and after further processes as a raw material in the production of 

glass.  

Moreover, in 1862, it was discovered that the water granulated blast 

furnace slag has a latent hydraulic properties. Latent hydraulic properties 

means once activated the granulated blast furnace slag can react with 

water to give a cementing material. However, it was only the non 

crystalline granules of the blast furnace slag which exhibits the hydraulic 

properties.     

Therefore, a third method of slag cooling method called GRANULATION 

was introduced to produce more –crystalline granulated blast furnace slag. 

Granulation involves the introduction of the molten slag to high-pressure 

water jets at high water/slag volume ratio and it is specially designed for 

instantaneous or super cooling of the blast furnace slag so that the 

produced slag will be with more than 90% non-crystalline material which 

has the hydraulic properties. In the method of cooling, heat is extracted as 

fast as possible so that the glass content will be maximized. Therefore, it is 

the blast furnace slag produced by Granulation which is the interest of this 

paper as it can be used as a cement replacing material. After the 

granulation stage, the slag material is named as Granulated Blast Furnace 

slag.    

 

 

Fig 2- 

Granulated Blast 

Furnace slag and 

clement Clinker 

– right to left 

respectively 

(Ref 2) 
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A granulator produces an off-white color grains or granules of blast furnace 

slag as shown in Fig 2, which are similar in appearance to coarse clean 

sand. The off-which color is due to the removal of iron during the process 

of pig-iron production. 

 

PRODUCTION OF GROUND GRANULATED BLAST FURNACE SLAG CEMENT 

After cooling the granulated blast furnace slag, then it will be dried and 

ground to a similar fineness of cement. It is at this stage that the slag 

material is named as Ground Granulated Blast furnace slag (GGBS). 

There are two widely accepted methods of production of ground 

granulated blast furnace slag i.e. simultaneous and separate grinding. 

These two methods of production do have their own advantages and 

disadvantages during production and construction processes. 

 

Simultaneous Grinding 

As the time indicates, the cement clinker and the granulated blast furnace 

slag are ground together in the cement mill and the resulting materials is 

known as Portland Blast Furnace Slag Cement. Some of the advantages of 

simultaneous grinding are: 

• No need of extra silos at the cement factory for the Ground 

granulated blast furnace slag. 

• No need of separate silos or storage area at the construction site for 

cement and the Ground granulated blast furnace slag. 

• No need of blending equipment at the construction sites 

• As the grinding will be done at the cement factory, the proportions 

of cement and slag parts are properly controlled. 

• The cement and the slag parts will be properly blended as they are 

grounded together in the cement mill 

 

Separate Grinding 

In separate grinding, the cement and the granulated blast furnace slag are 

milled separately. Moreover, these two separate materials will be available 

in the market independently. It is then the user who shall blend these two 

materials at the construction site during mixing at the batching plant or 

small mechanical mixers as well as during manual mixing. 
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The main advantages of separate mixing is  that the user is able to vary the 

proportion of the cement and the ground granulated blast furnace slag 

depending on his own prevailing design criteria under different working 

conditions and for different concrete structures. In this aspect, the separate 

grinding will give rise to the economical use of cement and the slag as 

necessary. Actually, this is the main disadvantages of simultaneous 

grinding have also its own shortcomings in the production and 

construction processes such as: 

• Additional storage silo for ground granulated blast furnace slag at 

the cement factory 

• Additional storage silo or storage area for ground granulated blast 

furnace slag at the construction site 

• Human errors in blending these two materials at the  batching plant, 

mechanical mixer and mainly in manual mixing 

• It needs additional blending equipment at the construction sites 

 

SUITABILITY OF GGBS FOR CONCRETE STRUCTURES A S A COMPARED TO 

OPC 

OPC is the most widely used type of cement as compared to all other types 

of cement including GGBS. However, since the introduction of GGBS, a lot 

of technical, economical and environment advantages are achieved. The 

major technical, economical achievement in using GGBS as compared to 

OPC are discussed as follows 

 

Thermal cracking  

In low land where the prevailing weather condition is hot and in mass 

concrete works such as concrete gravity and arch dams, thermal cracking 

is one of the most critical technical issues working with OPC. Usually, one 

or more of the following measures shall be taken when working with OPC.  

• Admixtures to retard the hydration process 

• Installation of chilling plants incase of huge mass concrete works  

• Installation of special batching plants with ice bins 

• Pouring concrete may be limited to night shifts  

• Application of curing membranes  
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However, the use of GGBS can solve the problem of early age thermal 

cracking and it can avoid most of these expensive operations due to its low 

heat of hydration at early age as shown in fig 3 as compared to OPC.    

Fig. 3:Temperature rise in 1m3 of concrete with cement 390kg/m3 (Ref2) 

 

Chloride penetration and carbonation  

The alkalinity nature of concrete prevents reinforcement form corrosion, 

however if the concrete is permeable to the extent that carbonation 

reaches the concrete in contact with the reinforcement or soluble chlorides 

can reach the reinforcement, then with the presence of water and oxygen 

corrosion of reinforcement will take place. Corrosion will not only increase 

the volume of the reinforcement which will create cracking of  concrete but 

also will decrease the effective area of reinforcement.  

In this important service life aspect, GGBS is superior to all other cements 

including OPC because to its l ess permeability, diffusivity and sorptivity. 

Thus, GGBS concrete structures exposed to chlorides and carbonation 

benefit longer useful life than that of OPC concrete structures such as 

marine structures, bridges, dam works and so many others figure 4 

demonstrates that chloride attack is more severe with OPC than that of 

GGBS and ti is shown that chloride penetration in Portland cement is about 

3 percent while for that of GGBS is  less than 0.5 percent within 24 moths 

of concrete age.    
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Fig 4: Chloride penetration (Ref 2) 

 

Sulphate and Acid Attack 

Concrete structures in contact with water can be attacked by sulphate 

followed by cracking of these concrete structures. During the sulphate  

attack, the sulphate will react with the tricalcium aluminate (c3a) and with 

the free lime ca(OH)2 to from calcium sulphoaluminate (ettringite) and 

calcium sulphate (gypsum) respectively. Both these products are 

expansive in nature occupying larger volume than the compounds they 

replaced. 

OPC is not suitable type of cement to resist sulphate attack due to its  

relatively high permeability, diffusivity sorptivity, high tricalcium 

aluminate ( C3A) and free lime Ca (0h)2. Even though, the  sulphate  

resisting cement is used to minimize the problems of sulphate attack by 

reducing its tricalcium 

aluminate (C3A) content to 

3.5% by mass, the sulphate  

resisting cement paste can 

easily be attacked by 

chlorides due to its high 

permeability, diffusivity 

and sorptivity.    
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These days, GGBS is found to be superior sulphate resisting cement due to 

its less permeability diffusivity, sorptivity, free lime Ca ( OH)2 and 

tricalcium aluminate (C3A). itb can easily be seen from figure 5 that GGBS 

is superior sulphate resisting cement not only as compared to OPC but also 

as compared to sulphate resisting cement  

Moreover, concrete  structures can be attacked by acids depending on the 

exposure of these structures to acidic chemicals. The action of acids on the 

hardened concrete is the conversion of calcium compnds  such as the  

calcium hydroxide, calcium silicate hydrate and calcium aluminate hydrate 

to the attacking acid.  

Concrete structures such as industrial concrete structure are prone to 

nacid attacks and unfortunately no Portland cement is resistant to acid. In 

dump conditions, the sulphur dioxide (so2) and carbon dioxide (co2)and 

other fumes form acids which attack the concrete structures by dissolving 

the hydrate cement paste and leave the concrete structure very weak. 

In addition to all the other benefit, GGBS can also reduce the acid attack due 

to its pore structure, which  it difficult for easy transportation of gases and 

liquids in the concrete structure.  

In the construction of the 25km Saudi Arabian- Bahrain causeway shown 

in fig6, a study group was assigned to investigate all durability aspects as 

it comprises 12km long bridge all along the Gulf of Bahrain. On e of the most 

important recommendation of the study group was the use of GGBS instead 

of the initially specified sulphate resisting Portland cement. The main 

reason for this major change was due other chemical attacks mainly of 

chloride penetration. The group proved GGBS takes much longer initiation 

period than that of the sulphate resisting cement for chloride penetration   

 

 

Fig. 5: Sulphate 

Resistance (Ref 2) 
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Alkali-Aggregate reaction  

Alkali-aggregate reaction occurs when the alkali, sodium and potassium 

oxides mainly from the Portland cement, reacts with the reactive silica and 

dolomites from the aggregates forming the alkali-silicate and alkali-

carbonate gels. In contact with water, these gels expand and relieved by 

cracking the bond between the aggregate and the cement paste. 

Again GGBS gives better result than that of OPC as shown in fig 7, for simple 

reason that the GGBS has less permeability, diffusivity and sorptivity which 

minimizes the transportation of water in the concrete structure. Moreover, 

due to the less amount of cement used, the amount of alkalis in GGBS is 

reduced.     

                                                       

 

 

 

Fig. 7: The Alkali-

Aggregate 

Reaction Effects 

(Ref 2) 

 

 

 

 

 

Strength Development 

Ground Granulated Blast furnace slag gains its strength than that of OPC. 

However. Properly cured GGBS concrete structure after 28 days. For 

majority of the concrete structure, the later age after 28days is the actual 

beginning of their design life and these structure will benefit from the 

enhanced concrete strength.  

Moreover, the surface texture of GGBS is tends to be smoother than that   of 

OPC which resulted in an improvement of workability of the fresh mix. In 

comparison to OPC, by maintaining the same workability GGBS can reduce 

water in the order of 5-8%. This gives the opportunity to reduce the 

amount of GGBS in the mix or correspondingly increase the concrete 
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strength. In addition to the workability benefits, GGBS has longer setting 

time due to the low heat of hydration which gives more time to work with 

fresh concrete as demonstrated in fig 8.  

Fig 8: Workability / Slump retention (Ref 2) 

 

Service life  

The durability of concrete structure mainly depends on its strength and 

resistance to thermal cracking, chloride penetration, sulphate attack, acid 

attack, alkali-aggregate reaction and so many others. As discussed earlier, 

GGBS is superior in all aspect than OPC and other types of Portland cement 

and as a result GGBS concrete structure are expected to give longer service 

life than the other Portland cement  

Concrete structure with  OPC cement are usually designed for  a service life 

of not more than 50 years where as GGBS concrete structures are designed 

to serve more 100 years even in severe conditions. 
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Fig. 9: Eastern Scheldt barrier (Ref 1)  

 

An example for GGBC concrete structure service life, the Netherlands 

marine structures have built the Eastern Scheldt barrier shown in figure 9 

with a design service life of 200 years. 

 

Energy saving  

The most expensive operation in the production of the Portland cements is 

the energy consumption at different stage of the production processes such 

as in the raw mill, kiln cooler, Air conditioning, cement mill and other 

operations. The kiln alone consumes about 150lt of furnace oil per ton of 

clinker. 

GGBS, as a byproduct of the pig iron production, save almost all the energy 
requirements except the energy required for the GGBS mill. This makes 
GGBS more  economical  in  terms  energy consumption than all the other 
Portland cements. 
 

ENVIRONMENTAL FRIENDINESS         

The main environmental problems related with the production of Portland 

cements are that the whole production processes emit huge amount of 
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fumes and dust to the surroundings. In additions, it consumes a lot of raw 

materials which can be used for other purposes. However, GGBS is by far 

environmental friendly as it is a byproduct material and its production 

process doesn’t require all these heavy duty operations which    adversely 

affect environment. 

 

SHORTCOMINGS OF USINGB GGBS FOR CONCRETE STRUCTURES 

GGBS has certain minor shortcomings as compared to OPC in which most 

of them are controllable at lower prices such as: 

• Ti need proper and longer period of curing  

•   Stripping of formwork will take longer specially in thin sections, 

cold working zone, urgent remedial works, etc 

• Early strength of GGBS concrete work is low which limits its usage 

in urgent service required concrete structure such as busy bridge 

maintenance, structured for military operation, etc  

• Its usage in underground shotcrete works is limited unless special 

acceleration additives are used  

• Freshly exposed GGBS concrete structure may have a temporarily 

blue color which may concern these who are not familiar with this 

type of cement. In the process of the slag dissolution and hydration, 

iron sulphides and manganese suphies are formed which are blue 

color. However, when the concrete structure concrete with air, 

these compounds will be changed to iron sulphate and the blue 

color will vanish and it will have its light color permanently.  

 

CONCLUSION AND RECOMMENDATION 

CONCLUSION  

Generally, GGBS is more advantageous as compared to OPC not only 

because it partially replaces Portland cement but also it saves 

tremendously the construction cost of concrete structure and technical 
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suitable to result different external and internal attacks to concrete 

structures which shorten life as summarized below: 

• High resistance to chloride penetration  

• High resistance to carbonation  

• High resistance to sulphate attack  

• High resistance to Alkali-Aggregate reaction  

• Low risk of thermal cracking  

• Better resistance to acid attack 

• Consistent permanent light color  

• Longer service life  

• Less energy consumption during production  

• Less emission of fumes and dusts to the environment  

• Less permeability, diffusivity and sorptivity  

• Suitable to climate condition in Ethiopia  

 

RECOMMENDATION  

Generally, GGBS has efficient application of natural resources which is 

important to the country where the natural resources are in abundance in 

quantities. It is therefore recommended that the government and all 

concerned organizations especially in the construction sectors should give 

proper and due attention to the production of steel and GGBS from the 

same source which will finally enable the country to utilize her natural 

resource efficiently and equally solve the problems of construction 

materials.  

 

REFERENCES  

Bijen I: blast furnace slag Cement – published by the association of the 

Netherlands cement Industry April. 1996  

Bill mosley, John Bungey, Ray Hulse (2012) reinforced concrete design to 

Eurocode (2) 



 

INTERNATIONAL JOURNAL OF ENV. DESIGN & CONST. MGT. 

(VOL. 10 NO.3) JUNE, 2019 EDITIONS 

 
  
 
 

16 

Lan wern and purfleet work, civil and marina slag cement limited fact 

sheets, September 1993 

M.l. Gambhir (2010) desim of reinforced concrete structures- printed by 

PHL learning private limited, New Delhi, India.    

Nevile A.m and brooks I.J- concrete technology, published by pearson 

education (Singapore) third Indian reprint (2003) 

Varghese. P.c limit state design of reinforced concrete- published by asoke 

. k. Ghosh prentice hall of India private limited (1998) 

 

  

   

  


