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Introduction 
 

Until this time, most publications describe 

the performance of agricultural products in 

cement pastes and mortars of rice husk ash, 

sorghum husk ash etc as pozzolanic 

materials. The pozzolanic  and compressive 

strength properties of these farm products 

were investigated by diverse researchers at 

different time in different places 

(universities, research institutes and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

developing centres), however, little or no 

studies had not been performed on Millet 

Stem Ash (MSA) pozzolanic properties and 

its compressive properties. Millet is an 

agricultural product that is plant annually 

and very common in tropical countries 

especially in the northern part of Nigeria. 

The grains are extracted and the stems are 

usually dump as waste products. A study to 
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how the dump stems waste could be 

transformed to pozzolanas will definitely 

enhance the economy of the farmers and 

also produce a low cost building material 

once an economic production method is 

developed. Therefore, there is need to 

investigate the properties and the percentage 

of the millet stem ash could be used as 

partial replacement in concrete that could 

produced the desire strength of the concrete 

mix for structural uses.    

 

The objective of this research is to: Measure 

the compressive strength of Millet Stem Ash 

a waste and sustainable material and deduce 

if it has pozzolanic property and hence could 

be used as partial replacement to cement for 

building construction.  

 

Basic concrete mix of grade C25/30 and 

design water cement ratio of 0.60 was 

examined for: 

 

0% MSA/Cement, (0.5-32) mm aggregate 

mix concrete (Control) 

5% MSA/Cement, (0.5-32) mm aggregate 

mix concrete 

10% MSA/Cement, (0.5-32) mm aggregate 

mix concrete 

15% MSA/Cement (0.5-32) mm aggregate 

mix concrete 

20% MSA/Cement (0.5-32) mm aggregate 

mix concrete 

25% MSA/Cement (0.5-32) mm aggregate 

mix concrete 

30% MSA/Cement (0.5-32) mm aggregate 

mix concrete 

35% MSA/Cement (0.5-32) mm aggregate 

mix concrete. 

 

Each of the mixes was subjected to: 

Compressive Strength, Slump and Flow 

Test. Samples from the percentage ratio 

batches were obtained for the concrete grade 

C25/30 at water-cement ratio of 0.60. 

 

Methodology 

 

The materials and sources, laboratory works 

carried out to accomplishing the objective of 

this research is as follows: 

 

Materials and Methods 

 

The materials used in the production of the 

concrete cubes are sand, gravels, cement, 

millet stem ash and water.The sand was 

obtained at Gwagwalada-Abuja-FCT 

environs and transported to Julius Berger 

PLC, Quality Control Laboratory, Mpape, 

Abuja- FCT, for preliminary analysis for its 

suitability for use in concrete. 

 

The coarse aggregate was obtained within 

Gwagwalada-Abuja-FCT and transported to 

Julius Berger PLC, Quality Control 

Laboratory, Mpape-FCT. The aggregate was 

washed and allowed to dry naturally, to free 

it from dirt and impurities according to BS 

812, 1975.The cement used was Dangote 

cement obtained at Gwagwalada-Abuja-

FCT. The cement obtained is ordinary 

Portland cement and as such found 

applicable in most construction works. It 

was stored in a place with no direct contact 

with floor and wall. Grain size analysis of 

the cement was carried out to know its 

suitability for the work. 

 

Millet Stem is a waste product in millet 

farms in rural areas of Gwagwalada-Abuja-

Niger-Kaduna State. Millet Stem obtained 

was packed into sacks to avoid mixing with 

already decayed once and also from 

moisture or rain and transported to the Julius 

Berger PLC, Quality Control Laboratory, 

Mpape-FCT. The burning of Millet Stem 

was done at the Laboratory using the oven at 

500-600
o
C. 

 

The source of water used for this work is the 

borehole water situated in the Julius Berger 
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PLC, Quality Control Laboratory, Mpape-

FCT. The water is potable and clean, which 

therefore satisfies the required specification 

for making concrete as described in BS 3148 

and is therefore suitable for concrete 

production. 

 

Experimental Procedures 

 

The study commenced with the collection of 

Millet Stem from farms around Abuja -

Niger-Kaduna-Zaria. The Millet Stem was 

burnt and its ash collected. The ash was 

allowed to pass through sieve 0.63 

millimetres to the same fineness of cement 

and was followed by preliminary 

investigation of the constituent material of 

the Ordinary Portland cement (OPC) and the 

Millet Stem Ash (MSA) to determine their 

suitability for concrete making. 

 

The water content of the materials was 

determined in the laboratory. The weight of 

the different cans was noted using an 

electronic balance M1 and small amount of 

samples was put into the can and weighed 

M2. The concrete and its contents were 

heated in an oven for 24 hours. The dry 

sample and can was finally measured M3. 

The moisture content was calculated using 

the moisture content formula; 

 

% M.C = M2 – M3   * 100 

               M3 – M1 

 

This test was conducted in accordance with 

BS 137712 by which sieves used for the fine 

aggregate were 5.0mm, 3.5mm, 2.0mm, 

1.18mm, 0.85mm, 0.60mm, 0.425mm, 

0.30mm, 0.212mm, 0.150mm, 0.63mm and 

the bottom pan. Sieves to be used for the 

concrete coarse aggregate are as follows; 

32.00mm, 20.00mm, 16.00mm, 14.00mm, 

10.00mm, 6.36mm, 5.00mm and the bottom 

pan. The sieve mesh was cleaned using iron 

brush to remove particles that they contain. 

The electronic balance was used to weigh 

each of the sieves W2. The sieves were 

arranged and 1000g of coarse aggregate W1 

poured in through the sieves and shake 

properly for the finer material to pass 

through the sieves. The weight of the sieve 

and its content were weighed W3 and from 

this the weight of samples retained was 

obtained W4 using the formula. 

 

Weight of samples retained: W4 = W3 - W2 

Percentage retained = W3 – W2 * 100 

                                     W1 

 

Where; 

W1 = total weight of sample 

W2 = weight of sieve 

W3 = weight of sieve + sample retained 

W4 = weight of sample retained 

 

Laboratory test was conducted to determine 

the specific gravity of MHA, sand and 

gravel in accordance with (CP 100). The 

apparatus used includes pycnometer, 

weighing balance, electric shakers, cylinder 

bottle, dishwasher and spatula. 100g of oven 

dried was weighed and recorded. Then water 

was added so that no particle remains inside 

the dish washer. The cylinder was dried and 

weighed to the nearest 0.1g (M1). The 

cylinder and the sample was weighed on the 

weighing balance M2 and the rubber stopper 

was inserted into the cylinder jar; and 

immediately the cylinder jar is connected to 

the electric shaker and it was shaken 

vigorously for 5 minutes until particles were 

in suspension. The rubber stopper was then 

removed carefully and any sample sticking 

to the stopper of the top of the cylinder jar 

was washed carefully into the cylinder jar. 

This was added to the cylinder jar until it 

reached the 100mm/mark. The sample was 

allowed to settle for 3 minutes and the 

cylinder jar was then weighed to the nearest 

0.1g (M3). The glass jar was washed 

thoroughly and filled completely to the 
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100mm/mark with water. The cylinder was 

then dried carefully on the outside and 

weighed to the nearest 0.1g (M4). The 

experiment was repeated on the sample so 

that two values for specific gravity were 

obtained in each case, the specific gravity 

formula, 

 

Gs       =  M2 – M1 

           (M4 – M1) – (M3 –M2) 

 

Generally the aggregate impact value gives a 

relative measure of the resistance of an 

aggregate to sudden shock or impact, which 

in some aggregate differ from its resistance 

to a slowly applied compressive load with 

aggregate size longer than 14mm are not 

appropriate to the aggregate impact test. The 

standard aggregate impact test is conducted 

using aggregate passing sieve 14.0mm. If 

the standard sieve size is not allowable, 

smaller sieve size may be used but owing to 

non-homogeneity of the aggregate. The full 

detail of the method for use is described in 

BS 812. Impact value was obtained using 

this formula, 

 

% AIV = Weight of fine retained * 100 

                  Weight of aggregate 

 

Where, 

 

Weight of aggregate = (weight of 

penetration + weight of pan + aggregate) – 

(weight of penetration) 

 

This test was conducted in accordance with 

BS 812 (BS 11975). A graduated cylinder of 

500ml capacity was filled to about 50ml 

using salt solution. The sand sample 

employed for this work was then poured into 

the cylinder to a level of 100ml mark. More 

salt solution was added to reach the 150ml 

mark. The content was corked and shaken 

thoroughly for about 15 min. The cylinder 

was placed on a surface and topped to level 

the sand. The sample was left standing for 

up to 3 hrs. The amount of the suspended 

material was noted. The volume of the sand 

layer V1 and the silt layer V2 were 

recorded. Silt content of the sand was 

calculated using the formula; 

 

Content =  

 

Material was batched by weight; 

measurement was done normally using head 

pan and a balance. The empty weight of the 

head pan was taken before pouring the 

sample into the pan; the weight of the pan 

was added to the weight of the individual 

material to get required weight of the 

specimen. 

 

The concrete mix was designed in 

accordance with the British design mix BS 

8110. The method gives proportion in terms 

of qualities of materials per unit volume of 

concrete. Care was taken in the selection of 

the design water-cement ratio of 0.60. 

Nominal mix of concrete grate C25/30 was 

used in this research. The mixing was done 

thoroughly in a rotary concrete mixing 

machine.  

 

This test was carried out to determine the 

workability of the concrete. The slum cone 

was placed on a flat non-porous surface and 

held down by the foot. The mould was then 

filled in three layers. Each layer was 

compacted 25 times with a tampering rod 

16mm in diameter and 800 mm long. After 

the third layer has been well-tempered, the 

slump cone was removed immediately by 

raising it up vertically. The height of the 

slump cone was determined. The 

measurement was taken from the top of the 

slump cone to the top of the concrete. The 

slump was measured as the difference 

between the heights of the cone to the height 

of the slump concrete. 
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Cubes of size 150mm x 150mm x 150mm 

was used for the casting. The concrete was 

placed in three layers and each layer was 

tampered 25 times with standard tamping 

rod. The top was levelled with the top of the 

mould. The surface of the concrete was 

smooth with a steel float and then covered 

with a sack and left for 24 hrs. 

 

The cubes in mould were placed in the 

laboratory for 24 hrs. The concrete cubes 

were then strike out and placed immediately 

in moist curing tanks for 7, 14, 21, 28, 90 

and 356 days. After each of the stated days, 

the cubes and was removed from the tank 

and allowed to dry in open air for 2 hours 

before being subjected to compressive 

strength, shrinkage and creep tests 

respectively. 

 

The compressive strength of the cube 

sample was determined in accordance with 

the standard procedure given in BS 2080 

(BSI, 1970). The weights of the sample were 

always taken before the compressive 

strength was determined. Four cubes 

samples was crushed in the 7
th

, 14
th

, 21
st
, 

and the 28
th

 day respectively using the 

compressive strength machine The 

compressive strength was calculated using 

this formula 

 

Compressive strength =  

 

Where F = Failure load (N) and A = Cross-

sectional area (mm
2
). 

 

Results and Discussion 

 

The quality of concrete made from MSA 

was achieved by carrying out the 

preliminary tests, looking at the property of 

the fresh concrete and the hardened concrete 

made from the materials the following 

results and observations was obtained. 

 

Properties of Fresh Concrete  

 

The higher the percentage presence of MSA 

in the fresh concrete mix there was a change 

of colour from ash colour to dark, decrease 

in slump and flow and decrease in 

weight/density as shown in the table and 

graph. 

 

The compressive strength of the MSA at 5% 

- 25% decreases as compared with the 0% as 

shown in the table and graph: 

 

The weight (kg) and density (kg/m
3
) is as 

tabulated below for various percentage 

replacement ratios and 7, 21 and 28 days of
 

crushing. 

 

Conclusion 

 

The following conclusions were drawn from 

the work: 

 

MSA can be used for replacement of OPC in 

concrete. The compressive strength shows 

that the mechanical property for the concrete 

even at 28days is 20N/mm2 for 25% MSA 

concrete. The density/weight of MSA 

concrete at (5 - 25)% is lower than normal 

concrete at 0% MSA.  The workability of 

the concrete decreases as the percentage of 

MSA increases but still workable at 25% 

MSA but not workable at all at 30% and 

35% MSA replacement. 
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Table.1  % Replacement, Slump and Flow of Fresh Concrete 

 

% Replacement Slump Test (mm) Flow Test (mm) 

100 % OPC,0 %  MSA 

95 % OPC,5 %  MSA 

85 % OPC, 15%  MSA 

75%OPC,25% MSA 

70%OPC,30% MSA 

65%OPC,35% MSA 

75 

64 

27 

20 

430 

360 

320 

300 

Collapse and failed during curing in the 

curing tank 

 

 

Table.2 % Replacement and Compressive Strength of Hardened Concrete 

 

% Replacement Compressive Strength (N/mm2) 

7days 14days 28days 

100%OPC, 0% MSA 

95%OPC, 5% MSA 

85%OPC, 15% MSA 

75%OPC, 25% MSA 

70%OPC, 30% MSA 

65%OPC, 35% MSA 

29.8 

28.9 

16 

15.6 

34.4 

35.8 

20.2 

18.9 

34.2 

35.1 

20.4 

19.6 

Collapse and failed during curing in the curing 

tank 

 

 

Table.3 % Replacement, Crushing Days, Weight and Density of Hardened Concrete 

 

% Replacement Crushing Days Weight (kg) Density (kg/m
3
) 

 

 

0% 

 

 

 

5% 

 

 

 

15% 

 

 

 

25% 

 

7 

21 

28 

Average 

7 

21 

28 

Average 

7 

21 

28 

Average 

7 

21 

28 

Average 

7.961 

8.026 

8.090 

8.026 

7.980 

8.026 

8.015 

8.007 

7.971 

7.983 

7.995 

7.983 

7.953 

7.953 

7.926 

7.944 

2359 

2358 

2397 

2378 

2364 

2364 

2375 

2372 

2362 

2365 

2369 

2365 

2356 

2356 

2348 

2354 
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Figure.1 Slump Vs % MSA for C25/30 W/C Ratio of 0.60 

 

 
 

 

Figure.2 Flow Vs % MSA for C25/30, W/C Ratio of 0.60 

 

 
 

 

Figure.3 Strength Vs Days for 0%MSA for C25/30, W/C Ratio of 0.60 
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Figure.4 Strength Vs Days for 5%MSA for C25/30, W/C Ratio of 0.60 

 

 
 

 

Figure.5 Strength Vs Days for 15%MSA for C25/30, W/C Ratio of 0.60 

 

 
 

 

Figure.6 Strength Vs Days for 25 % MSA for C25/30, W/C Ratio of 0.60 
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Figure.7 Weight Vs % MSA for C25/30, W/C Ratio of 0.60 

 

 
 

Figure.8 Density Vs % MSA for C25/30, W/C Ratio of 0.60 
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