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ABSTRACT  

This research work studied the performance of sorghum husk ash blended with calcium carbide 

sludge as cementitious material with a view to provide vital information regarding the properties 

as well as the behaviour of laterized concrete thereof. A total of 36 cubes of 100mm dimensions 

were cast based on 28-day target strength of 25N/mm
2
. The compressive strength of the blended 

laterized concrete specimens was higher at 56-days strength for 20%lat/70%SHA: 30%CCS 

sample gave a value of 11.61N/mm
2
 (i.e. 45.4%) as against the 5.33N/mm

2
 (21%) gotten for the 

20%lat/90%SHA: 10%CCS. sample, while the control mix gave a gave a value of 28.07N/mm
2
 

(i.e. 110.0%) for 90-days and a 28-day strength value of 25.55N/mm
2
 (100%). The sorghum 

husk ash – calcium carbide sludge blended cement in the laterized concrete specimens therefore 

reflects a good tendency of pozzolanic activity, which customarily implies that further hydration 

days leads to achieving higher strength. 

Keywords: Calcium carbide sludge, Laterite (lat), Laterized concrete, Sorghum husk ash. 

INTRODUCTION 

The production of cement, which is a major material in construction Industry, is known to 

contribute to the greenhouse effect due to the emission of green house gases like CO2 gas during 

the clinker manufacturing process. The volume of CO2 emissions is related to the clinker to 

cement ratio, technology, and energy consumption in the cost of cement production process 

(Price et al, 1999). In 2010, the worldwide cement demand was estimated to reach 2.8 billion 

tons, and about 2.07 billion tons of CO2 emissions was to be released into the atmosphere, which 

was expected to lead to climate change (global warming) ( Damtoft et al,2008 ). 

Climate change  is attributed to the rise in the average temperature of Earth’s atmosphere and 

oceans about 0.8ᵒC (1.4ᵒF), with about two-thirds of the increase occurring since 1980 (Damtoft 

et al,2008 ) .The warming of the climate system has been proven and 90% certain by scientist 

that it is primarily caused by concentrations of greenhouse gases caused by human activities such 
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as advancement in industrial processes which generate harmful waste in to environment, the 

burning of fossil fuels such as in cement production, which as lead to increased coastal flooding, 

reduction in water supplies, increased malnutrition due to drought and increased health impact 

(Mehta, 2009). 

The increasing cost of conventional building materials and problem associated with climate 

changes from emission of greenhouse gases has made it impossible to meet the shelter provision 

requirements of the teeming population of a country such as Nigeria, due to the poor economic 

standard of living of people. This setback has lead to inward sourcing of some material (wastes) 

as alternatives to conventional materials in the construction industry that are more environmental 

friendly. 

Therefore, the need for a mitigation of climate change through the use of economical, less 

polluting, energy efficient material and methods of reducing the emission and the use of   

abundant materials in the environment, providing or finding alternative materials, which are 

relatively cheap economical, accessible and also available in the immediate environment such as 

agro-waste and industrial waste ( Mindess, 2003 and Sabir, 2001). 

Incinerated agro waste such as Sorghum husk ash, Rice husk ash, Baggash ash at control 

temperature usually posses cementitious properties, and Volcanic ash (V.A), Pulverized Burnt 

Clay(PBC) of  natural origin are pozzolanic material because of their reaction with lime (calcium 

hydroxide) that is librated during the hydration of cement. The major compound present in 

pozzolana is the amorphous silica which combines with lime and forms cementitious material 

(Vanghese, 2006; ASTM C 618, 2005). 

Sorghum husks ash is a by-product of the combustion of refuse after harvest of the sorghum 

grains. Sorghum is a cereal crop in Nigeria and the most important food crop in the savanna 

areas, which stand at 8 million tons and 61.69 million metric tons global annual production 

(Agrostats, 2009; USAID, 2008).  

The byproduct from an acetylene gas called Calcium carbide sludge (residue) (C2H2) after 

chemical reaction between water  with  calcium carbide (Mauskar, 2006) as shown in equation 1 

. Calcium carbide sometime used as a fuel for lighting, welding, metal cutting, and space heaters, 

and to ripen fruit. The calcium carbide residue is produced by a simple process, which is 

obtained from the reaction between calcium carbide (CaC2) and water (H2O) according to the 

following equation: 



International Journal of Emerging Trends in Engineering and Development              Issue 3, Vol.2 (March 2013)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 

 Page 253 
 

      CaC2 + 2H2O                                   C2H2 + Ca (OH) 2           

Calcium hydroxide (Ca (OH)2) is   the main oxide of calcium carbide residue which is in a slurry 

form which amount to about 80% lime, which is mostly accumulated overtime as waste heaps or 

disposed off to landfills as waste, causing many environmental problems such as groundwater 

pollution due to high content of alkaline contamination. 

The result of active compound such as silica, alumina, and ferric oxides in a SHA  (pozzolana) 

with Ca(OH)2 in calcium carbide  sludge  could react  to form C–S–H (pozzolanic reaction), 

similar to those obtained from the cement hydration process as reported by ( Krammart et al. 

1996)  

Femor, (1981) defined laterite as red tropical soil: reddish mixture of clayey iron and aluminium 

oxides and hydroxides formed by weathering under humid, tropical conditions. Adepegba 

(1975a) was the first to consider the possibility of replacing sand in concrete with Laterite in 

Nigeria based on the nationwide or world at large availability, and the fact that it is being in 

abundance in our environment which could be partially or wholly replace, whole replacement is 

known as terracrete (Ata, Olusola and Aina, 2005; Lasisi and Osunade, 1984). The result 

obtained both mechanical and physical properties of the effect of using laterite fines instead of 

sand, shows that laterite fines in place of sand can be used for structural members compared with 

normal concrete. 

The substitution of sand with laterite (≤ 50%) uncovered by different literature proves, guarantee 

in terms of strength and serviceability requirements are concerned, at 20% was obtained as the 

excellent performance likewise workability (Ogunbode and Olawuyi, 2008; Olawuyi and 

Olusola, 2010 ) . The previous works done on pozzolana have centered purely on its effect on 

performance characteristics of normal concrete and lateritic soils. 

The most appropriate mix of laterized concrete for structural purpose is 1:1.5:3 using batching by 

weight with a water/binder ratio of 0.65, provided that the laterite content is kept below 50% of 

the total aggregate content discovered by Balogun and Adepegba, 1982, which also shown with 

result obtained by Ogunbode and Olawuyi, 2008.  

Before sorghum husk ash and calcium carbide sludge blended cement laterized concrete can be 

effectively utilized for structural applications in housing or building construction in general, 

some basic design parameters describing its performance characteristics have to be developed 
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which is the motivator to this research. The properties to be study include those related to 

strength, serviceability and durability among others. Several researchers had done 

comprehensive research on the use of pozzolana as a binder and laterite as a replacement of sand 

in laterized concrete (LATCON). 

This study will concentrate on performance of the SHA (artificial pozzolana) blended with 

calcium carbide sludge (CCS) to boost its CaO in laterized concrete. The physical and chemical 

properties of SHA and CCS and other constituent materials will be examined while the 

compressive Strength of SHA-CCS laterized concrete containing 20% amount of laterite by 

weight of fine aggregate and also 90%SHA:10%CCS, 80%SHA:20%CCS and 70% 

SHA:30%CCS respectively by weight of cementitious material will be investigate for a 28 days 

target strength of 25N/mm
2
, over an hydration period of 7days,  28days, 56days. 

MATERIAL AND METHODS 

Sample Collection 

The constituent materials used for this research include; sorghum husk ash (SHA), calcium 

carbide sludge (CCS), fine aggregate (sand and laterite), crushed coarse aggregate (granite) of 

maximum size 20mm, and water. Sorghum husk were collected from Gidan Kwanu and Gidan 

Mangoro villages respectively, both located in Minna, Bosso Local Government Area of Niger 

state, Nigeria. Calcium carbide sludge (lime) was obtained from Sona Industrial Gas Limited 

Sango Area of Ogun State, Nigeria. The ordinary Portland cement used for control sample 

production was Dangote Brand which is a locally manufactured cement and it conforms to 

ASTM Type I Portland cement and BS EN 197. The laterite is obtained from Julius Berger 

borrow pit at Maikunkele, Minna, Niger state, The sharp sand used was river sand, free from 

deleterious substances obtained in Minna. Water used for purpose of concrete mixing and curing 

was obtained from bore hole water supply with Federal university of Technology, Minna 

Campus.  

Sample preparation 

The sorghum husk (SHA) collected was sun dried and burnt in open air to obtain the ash which 

acts as pozzolana and the resulting powder was grinded and sieved with 75μm Sieve in Building 

Department Laboratory of the Federal University of Technology, Minna.  Calcium carbide 
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sludge (CCS), which act as lime was fetched from the pond deposit as wet sludge. It was then 

sun dried, and grinded into a powdery form (finer particle), afterwards it was sieved using 

a75µmm sieve. Chemical analysis was carried out on the SHA and CCS in the Central 

laboratory, Institute of Agricultural Research and Training (IART), Obafemi Awolowo 

University –Ibadan, Oyo State, Nigeria; Via Atomic Absorption Spectrophotometer and Flame 

Spectrophotometer. The following preliminary test were carried out on the constituent of the 

concrete to obtain it physical properties: consistency, soundness, sieve analysis, slump, 

workability, bulk density.  The chemical and physical properties of the SHA and CCS are shown 

in Table 2 and 3. 

Mix proportion, casting and testing  

Laterite was used as a replacement to sand at 20% althrough the mix proportion, SHA was 

blended with calcium carbide sludge (lime) to obtain cement at 90%SHA:10%CCS, 

80%SHA:20%CCS and 70% SHA:30%CCS respectively.  A mix design of 25N/mm
2
 for 28 day 

strength was used adopting the British Mix Design (D.O.E) method been the required minimum 

strength for structural concrete in accordance to BS8110. The cube specimen 100x100x100 mm 

dimensions as per BS1881 for compressive strength was adopted, three cubes were cast from 

each sub mix with a workability of 10 to 25 mm. A total of 36 cubes specimens was cast and 

cured  for 7, 28 and 56days respectively. Casting of the cubes was carried out immediately after 

the workability test, to determine the compressive strength, the cubes were left for 3-days before 

de-moulding. At the end of each curing period, three specimens for each mixture was tested for 

compressive strength at room temperature and the average value was recorded. All mixture 

proportions are summarized in Table1. 

Table 1.  Mix proportion of SHA-CCS blended cement laterized concrete. 

Mix designation 

% 

Lat 

% 

SHA 

kg 

CCS 

kg 

W/B Water 

kg/mm
3
 

Aggregate 

kg
 

      Fine                Coarse 

 Sand        Laterite 

Slump 

Mm 

SHA-CCS(0) 0 0 0 0.65 190 6.45 0 17.22 25 

SHA-CCS(90:10) 20 3.13 0.35 0.65 190 5.23 1.30 17.22 15 

SHA-CCS(80-20) 20 2.78 0.70 0.65 190 5.23 1.30 17.22 15 

SHA-CCS(70:30) 20 2.44 1.04 0.65 190 5.23 1.30 17.22 10 
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Curing Condition 

Demoulding of cube concrete could not be achieved after 24hour due to slow setting pace of the 

resulting concrete. According to ASTM 593 Standard Specification for Fly Ash and Other 

Pozzolans for Use with lime, lime-pozzolan mortars should be cured in high temperatures and 

high relative humidity. The standard requires the use of a vapour oven at 54.4ºC for 7 days 

followed by curing at 22.8ºC at 95-100% relative humidity. This was a limitation to the 

researchers and a alternative method was devised. The samples were removed from the moulds 

after 3days, a sand /membrane curing was created using a cotton sack and sand due to the nature 

and appearance of concrete. Temperature ranging from 17°C to 22°C and relative humidity from 

65%to 98% was adopted during curing. After 7days, it was then moved to water for curing until 

the time of testing at different curing ages. 

RESULTS AND DISCUSSION 

The Summary of Physical Properties of Constituent Materials are shown in Table 2, The sand 

has a specific gravity of 2.5, bulk density of  1368kg/m3, moisture content of 6.9 %, fineness 

modulus value of 3.03, Cu of 2.6, and Cc of 1.1. The laterite on the other hand used in the 

replacement of the sharp sand at varying percentages was found to have a specific gravity of 

2.54, bulk density of 1375 kg/m3, moisture content of 15.79%, fineness modulus of 2.91, 

coefficient of uniformity Cu of 8.68 and coefficient of curvature Cc of 1.23 during the 

preliminary laboratory test. These results reflect that both the laterite and sand samples are well 

graded. The granite sample has a specific gravity of 2.7, bulk density of 1570 kg/m3, Cu of 1.5, 

and Cc of 1.2, reflecting a uniform sample. The particle size distributions of the aggregates 

(laterite, sharp sand and granite) conform to the British Standard Specification  performed 

according to BS EN 933-1 (BS EN 933,1997). 

Chemical properties of SHA and CCS are shown in Table 3. The Chemical analysis indicates 

that the SHA as combined oxide for (SiO2+Al2O3+Fe2O3) is 73.05% with  silica (about 51.2%) 

which was slightly above the minimum of 70% specified in ASTM C618 (ASTM C 618, 2005). 

SHA has cementitious compounds like calcium oxide, alumina and iron oxide (total about 

31.95%). Calcium Oxide (CaO) content in CCS is about 76% which indicate hydrated lime when 

slaked with water, with a low value of loss on ignition (LOI) about 14% as compared to the LOI 

in the work of (Krammart, 2003).  
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Table 2. Physical Properties of Constituent Materials 

Parameters Sand Laterite Granite SHA CCS 

Sieve Analysis      

Fineness Modulus 3.03 3.37 3.0 1.6 2.0 

Coefficient of Uniformity 2.6 6.8 1.5 1.6 1.7 

Coefficient of Curvature 1.1 0.6 1.2 1.0 1.1 

Specific Gravity 2.5 2.6 2.7 2.1 2,1 

Bulk Density(Kg/m
3
)      

 Uncompacted 1148 1145 1348 - - 

 Compacted 1368 1564 1570 - - 

%Void 19.12 36.56 16.45 - - 

Moisture Content (%) 6.9 13.8 - - - 

      
 

Table 3. Chemical Composition of Sorghum husk ash and Calcium carbide sludge in % 

Chemical 

composition  

 

SiO2 Al2O3 Fe2O3 CaO SO3 MgO K2O LOI Ph 
SiO2+Al2O3  

+Fe2O3  

CaO 

SHA 51.2 9.35 12.5 10.1 2.1 0.49 9.46 9.0 8.3 73.05 - 

CCS 2.5 10.5 2.5 76 0.1 0.7 - 14 7.5 - 76 

            

 

Workability of fresh concrete 

The workability of fresh concrete mixture in terms of slump is shown in Table 1. A slump value 

of 25mm was determined for control concrete and a range of 10mm to 15mm (to the nearest 

5mm) slump value was got for SHA-CCS laterized concrete. The workability of fresh SHA-CCS 

concrete increased with increase in the percentage of SHA by weight due to high absorption of 

water by SHA as shown in Table 1. Further addition of in SHA in concrete mix requires more 

water to improve the workability as CCS also absorbs moisture in ambient environment 

especially at high relative humidity. 

Setting time and Soundness test result 

The water requirement of SHA-CCS blended cement paste at various percentages blending by 

weight increases, especially when SHA percentage increases and CCS content decreases. It was 
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noted that (90%SHA: 10%CCS), (80SHA:20%CCS), (70%SHA: 30%CCS) blended cement 

exhibited a longer setting time than that of control cement (OPC) as specified by BS 4450: Part 

3: Section 3.6.1978 shown in Table 4  and Figure 1 with initial setting time above  lime-

pozzolana mixes variable stated by (Lea, 1971; Roger, 2011),which occur between 1-3hour and 

final setting between 10-12hr or more, which is similar to the work of Moran and Gilliand (1950) 

and Roger (2011). 

The behaviour of the SHA-CCS blended cement and OPC in terms of soundness (expansion) 

using Le Chatelier method shows little expansion as shown in Table 4 which is less than 50% of 

the initial value as stated by Neville and Brooks (2003).  

Table  4. Normal consistency (setting time) and Soundness (expansion) of blended 
cement paste. 

% Proportion of 

binder 

SHA             CCS 

Quantity of 

water (g) 

Normal 

Consistency 

(mm) 

Setting Time 

 (hr+min)   ٭

Initial       Final 

   Soundness        

   (expansion) 

        (mm) 

Initial           Final 

0 0 93.0 5.5 2:39 3:57 8.0 9.0 

90 10 179.02 5.0 6:58 10:24 8.0 12.0 

80 20 167.03 5.0 7:32 10:42 7.0 8.0 

70 30 154.4 5.0 9:00 11:18 5.0 6.0 

 

hr=hour,٭min=minute 

 

 

Figure1: Initial and final setting time of SHA-CCS cement 
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Compressive strength of concrete 

The average compressive strength values of the concrete specimens at each percentage blending 

and hydration age is presented in Table 5. The compressive strength of SHA-CCS concrete 

increased with age, the compressive strength at 28 days ranged from 2.71 to 5.59N/mm
2
, which 

depends on the percentage ratio of SHA to CCS with 20%LAT replacement of sand. Although 

the SHA-CCS laterized concretes contained no conventional ordinary Portland cement, the 

compressive strengths of concretes increased continuously as hydration days increases. This 

result indicated that the SHA-CCS mixture could be used as a cementitious material in concrete. 

It should be noted that the compressive strength of SHA-CCS concrete was obtained from a 

pozzolanic reaction between Ca(OH)2 in CCS and SiO2, Al2O3, and Fe2O3 in SHA ( ASTM C 

618,2005; Mauskar, (2006), which developed with curing age, it strength developed slowly and 

increased gradually at later ages.  

The compressive strength in percentage of 28days strength of the SHA-CCS blended laterized 

concrete at 56days of hydration shows  increase in strength compared to 7days and 28days 

hydration period (Neville, 2006; Ogunbode and Olawuyi, 2008;), at 70%:30%SHA-

CCS/20%LAT, result shows 3.40N/mm² (13.31%) for 7days, 5.59N/mm² (21.88%) for 28days 

and 11.61N/mm² (45.4%) for 56days compressive strength, which depends on the percentage 

ratio of SHA to CCS and 20%LAT replacement of sand, which indicate pozzolanic reactivity in 

the material. 

Table 5: Compressive strength (N/mm
2
) of SHA-CCS Laterized Concrete  

Laterite   

Content 

    (%) 

SHA 

(%) 

CCS 

(%) 

Curing Age (Days) 

7 28 56 

0 0 0 20.59 25.55 28.07  

20 90 10 2.12 2.71 5.33 

20 80 20 3.38 5.27  8.88  

20 70 30 3.40  5.59 11.61  
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Table 6. Compressive Strength in Percentage of 28day Strength  

SHA 

(%) 

CCS 

(%) 

Laterite 

Content 

(%) 

Curing Age (Days) 

7 28 56 

Compressive Strength in Percentage of 28day Strength (%) 

0 0 0 80.60 100 110 

90 10 20 8.30 10.61 21 

80 20 20 13.23 20.63 34.8 

70 30 20 13.31 21.88  45.4 

       

CONCLUSION 

The utilization of proper technology can transform richly available, cheap natural soil (laterite), 

agricultural waste (SHA) and industrial waste (CCS) which possibly will be potential 

environmental hazards into a natural resource and hence, can be used in the construction of 

masonry walls, simple concrete composites and simple foundations. It is confirmed from the 

research that the sorghum husk ash and calcium carbide sludge can be used as cement matrix and 

the equivalent laterite as a potential for replacing fine aggregate. It can be used in area where 

these materials are dominant for low cost construction.  

Based on the experimental results, the following conclusions can be drawn: 

 Compressive strength increase has SHA decrease and CCS increase in laterized concrete. 

 Water requirement increases has SHA content of blended cement increase (i.e. the higher 

the sorghum husk ash, the higher the volume of water required). 

 Curing methods should be put into consideration while working with SHA-CCS blended 

cement due to slow rate of hydration. 

 The sorghum husk ash (SHA) and calcium carbide sludge (CCS) mixture could be used 

as a cementitious material for laterized concrete at 20 percent replacement of sand with 

laterite base on the chemical composition which were within acceptable limits as 

stipulated by respective codes of practice. Although the SHA-CCS mixture contained no 

Portland cement, the compressive strength values ranging between 13.31% and 45.4% of 
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the 7day to 56days strength (for 70%:30% SHA-CCS/20Lat), laterized concrete 

increases with increase in hydration days. 

    Recommendation 

1. In order to achieve higher strength within a short period of time, strength accelerator 

should be introduced (plasticizers). e.g CaCl2. 

2.  The percentage of calcium carbide sludge should be increase with decrease in sorghum in 

order to achieve higher strength.   

3. With the trend of increase shown in sorghum husk ash and calcium carbide sludge blended 

cement laterized concrete, further research on Higher curing days should be researched 

(90, 120,180 and 360). 
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