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ABSTRACTABSTRACTABSTRACTABSTRACT 
This study established the effects of Metakaolin on Sawdust Concrete as an additive 
in concrete composites. The workability density, flexural strength and compressive 
strength of the sawdust concrete and Sawdust Concrete with various percentages (i.e 
5%, 10% and 15%) of Metakaolin were compared to that of normal mix batch 
conventional concrete. The mix design was based on relevant concrete mix design 
codes. The 150mm x 150mm x 150mm cube specimens was used for the compressive 
strength testing of 200mm x 100mm x 50mm rectangular Beam specimens Test for 
flexural strength. The specimens were cured in water and were tested after 7, 14 and 
28 days. The tests showed that the workability of concrete reduces after using 
Sawdust as full replacement of sand and also reduces after the addition of Mekaolin 
in Sawdust concrete. Tests on compressive and flexural strength showed that 
Sawdust Concrete had light weight, but the addition of Mekaolin enhanced the 
strength of the concrete, although concrete strength does not increase proportionally 
with increasing fibre. The increased in strength was just up to a certain Metakaolin 
compressive and flexural strength after 28days of curing 
Keywords: Strength, Evaluation, SawKeywords: Strength, Evaluation, SawKeywords: Strength, Evaluation, SawKeywords: Strength, Evaluation, Saw----dust, Concrete, Metakaolindust, Concrete, Metakaolindust, Concrete, Metakaolindust, Concrete, Metakaolin    
 
INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION 
Waste materials have always been regarded by a large number of people 
with no knowledge as being worthless and of no use so thereby they 
should be disposed. Ever since man came into existence, agriculture and 
has always been a major source of survival and livelihood. As a result of 
man’s concentrated engagement in agriculture due to rate of population 
growth and increase in standard of living, the rate at which fibre waste 
from wood called sawdust an industrial waste from cutting and grinding 
of timber in the form of fine particles is being generated is rapidly 
increasing, this is common in most countries both developed, 
underdeveloped and developing countries like Nigeria. Due to the use of 
this material for various reasons such as furniture making etc. In recent 
years there have been attempts and methods in controlling this waste 
product through burning and improper disposal. As stated by 
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(Cheremisinoff, 2003) these methods have been proven to be 
unsustainable and harmful to the environment as rotten agricultural 
wastes produces methane and leachate, and burning of these wastes leads 
to the release of CO2 and other particulates. As a result of this; in recent 
years’ various research works have been conducted to study and monitor 
how these agricultural wastes can best be effectively reused in the 
production of other materials. In this study, the use of sawdust as partial 
replacement for sand in concrete production and also replacing cement 
with metakaolin as a binding agent in production of concrete composites 
were used. 
    
MATERIALS AND METHODSMATERIALS AND METHODSMATERIALS AND METHODSMATERIALS AND METHODS    
MaterialsMaterialsMaterialsMaterials: The materials used in this study are: water, cement, 
Metakaolin, Sawdust, Fine aggregate and coarse aggregates. 
    
MethodsMethodsMethodsMethods: The sample of materials for the study was prepared in 
accordance with a standard body. The quantity of each material was 
measured and weighed, while the mixing of concrete was done manually, 
Batching carried out by volume for sawdust. The curing of concrete was 
done in a curing tank filled of water at a controlled temperature of 20-250c. 
The Laboratory Tests carried out on the concrete are the following:- 

(i)(i)(i)(i) Specific gravity  
(ii)(ii)(ii)(ii) Moisture content  
(iii)(iii)(iii)(iii) Sieve analysis 
(iv)(iv)(iv)(iv) Abrasion test  
(v)(v)(v)(v) Impact test  

(vi)(vi)(vi)(vi) XER test 
Slump test, compaction factor test, compressive strength and flexural 
strength tests were also carried out in order to ascertain the adequacy of 
the results for analysis. 
    
RESULTS AND DISCUSSION RESULTS AND DISCUSSION RESULTS AND DISCUSSION RESULTS AND DISCUSSION         
Specific GravitySpecific GravitySpecific GravitySpecific Gravity    
The specific gravity was performed to determine the density of the 
supplementary cementitious material, fine aggregate, coarse aggregate 
and sawdust. Table 4.1, Table 4.2, Table 4.3 and 4.4 shows the result of 
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the specific gravity test carried out on fine aggregate, sawdust and 
metakaolin 
 
Table 4.1Table 4.1Table 4.1Table 4.1    Specific gravity test resultSpecific gravity test resultSpecific gravity test resultSpecific gravity test result    for fine aggregatefor fine aggregatefor fine aggregatefor fine aggregate    

Sample Sample Sample Sample         Weight (g)        Weight (g)        Weight (g)        Weight (g)            

Weight of pycnometerWeight of pycnometerWeight of pycnometerWeight of pycnometer     19.5           
Weight of pycnometer + sampleWeight of pycnometer + sampleWeight of pycnometer + sampleWeight of pycnometer + sample     35.5 

Weight of pycnometer + wet sampleWeight of pycnometer + wet sampleWeight of pycnometer + wet sampleWeight of pycnometer + wet sample     82.5 
Weight of pycnometer + waterWeight of pycnometer + waterWeight of pycnometer + waterWeight of pycnometer + water     72.5 

Specific Gravity (GS)Specific Gravity (GS)Specific Gravity (GS)Specific Gravity (GS)     2.67 

 
Table 4.2Table 4.2Table 4.2Table 4.2    Specific gravity test result for Specific gravity test result for Specific gravity test result for Specific gravity test result for sawdustsawdustsawdustsawdust    

Sample Sample Sample Sample         Weight (g)        Weight (g)        Weight (g)        Weight (g)            

Weight of pycnometerWeight of pycnometerWeight of pycnometerWeight of pycnometer     19.5           
Weight of pycnometer + sampleWeight of pycnometer + sampleWeight of pycnometer + sampleWeight of pycnometer + sample     41.5 

Weight of pycnometer + wet sampleWeight of pycnometer + wet sampleWeight of pycnometer + wet sampleWeight of pycnometer + wet sample     66.5 
Weight of pycnometer + waterWeight of pycnometer + waterWeight of pycnometer + waterWeight of pycnometer + water     60.0 

Specific Gravity (GS)Specific Gravity (GS)Specific Gravity (GS)Specific Gravity (GS)     1. 41 

 
Table 4.3 Specific gravity of Table 4.3 Specific gravity of Table 4.3 Specific gravity of Table 4.3 Specific gravity of MetakaolinMetakaolinMetakaolinMetakaolin    

Sample Sample Sample Sample         Weight (g)        Weight (g)        Weight (g)        Weight (g)            

Weight of pycnometerWeight of pycnometerWeight of pycnometerWeight of pycnometer     19.5           
Weight of pycnometer + sampleWeight of pycnometer + sampleWeight of pycnometer + sampleWeight of pycnometer + sample     34.5 

Weight of pycnometer + wet sampleWeight of pycnometer + wet sampleWeight of pycnometer + wet sampleWeight of pycnometer + wet sample     81.0 
Weight of pycnometer + waterWeight of pycnometer + waterWeight of pycnometer + waterWeight of pycnometer + water     72.50 

Specific Gravity (GS)Specific Gravity (GS)Specific Gravity (GS)Specific Gravity (GS)     2. 15 

 
Table 4.4 Specific gravity of Table 4.4 Specific gravity of Table 4.4 Specific gravity of Table 4.4 Specific gravity of CementCementCementCement    

Sample Sample Sample Sample         Weight (g)        Weight (g)        Weight (g)        Weight (g)            

Weight of pycnometerWeight of pycnometerWeight of pycnometerWeight of pycnometer     19.5           
Weight of pycnometer + sampleWeight of pycnometer + sampleWeight of pycnometer + sampleWeight of pycnometer + sample     34.0 

Weight of pycnometer + wet sampleWeight of pycnometer + wet sampleWeight of pycnometer + wet sampleWeight of pycnometer + wet sample     79.00 
Weight of pycnometer + waterWeight of pycnometer + waterWeight of pycnometer + waterWeight of pycnometer + water     67.00 

Specific Gravity (GS)Specific Gravity (GS)Specific Gravity (GS)Specific Gravity (GS)     2.50 

    
Moisture ContentMoisture ContentMoisture ContentMoisture Content    
Table 4.3 shows the result of the moisture content carried out on fine 
aggregate sample 
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Table 4.5 moisture content test result for sawdust 
Sample Sample Sample Sample         Weight (g)        Weight (g)        Weight (g)        Weight (g)            

Weight of containerWeight of containerWeight of containerWeight of container    WWWW1111     22.5           

Weight of container+  wet sample Weight of container+  wet sample Weight of container+  wet sample Weight of container+  wet sample WWWW2222     144.5 

Weight of container +Weight of container +Weight of container +Weight of container +    dry sampledry sampledry sampledry sample    WWWW3333     138.5 

Weight of dry soilWeight of dry soilWeight of dry soilWeight of dry soil     116 
Moisture content w (%)Moisture content w (%)Moisture content w (%)Moisture content w (%)     5.17 

 
Sieve AnalysisSieve AnalysisSieve AnalysisSieve Analysis    
The sieves were then separated and the weight of the metakaolin, fine 
aggregate and sawdust retained and passing through each sieve was 
carefully tabulated. Table 4.6 to Table 4.8 shows the result of the sieve 
analysis carried out on fine aggregate and sawdust respectively which are 
then represented graphically in Figure 4.1 and Figure 4.2  
 
Table 4.6 sieve analysis for fine aggregate 
       

Sieve Sieve Sieve Sieve 
NumberNumberNumberNumber    

Diameter   Diameter   Diameter   Diameter   
(mm)(mm)(mm)(mm)    

Mass of Mass of Mass of Mass of 
Sieve (g)Sieve (g)Sieve (g)Sieve (g)    

Mass of Mass of Mass of Mass of 
Sieve & Soil Sieve & Soil Sieve & Soil Sieve & Soil 

(g)(g)(g)(g)    

Soil Soil Soil Soil 
Retained Retained Retained Retained 

(g)(g)(g)(g)    

Soil Soil Soil Soil 
Retained Retained Retained Retained 

(%)(%)(%)(%)    

Soil Soil Soil Soil 
Passing Passing Passing Passing 

(%)(%)(%)(%)    

        4.7504.7504.7504.750    530.0530.0530.0530.0    530.0530.0530.0530.0    0.000.000.000.00    0000    100100100100    

  2.000 525.5 632 106.50 10.7 89.4 

  1.180 494.0 608 114.00 11.4 78.0 

  0.600 477.0 929 452.00 45.2 32.8 

  0.425 454.0 546 92.00 9.2 23.6 

  0.300 449.0 552 103.00 10.3 13.3 

  0.212 420.0 472.5 52.50 5.3 8.0 

  0.150 402.0 432 30.00 3.0 10.3 

  0.075 367.0 384 17.00 1.7 8.5 

  0.063 381.5 383 1.50 0.2 8.4 

PanPanPanPan    0.055 389.0 390 1.00 0.1 0.0 

   TOTAL:TOTAL:TOTAL:TOTAL:    969.50969.50969.50969.50    97.097.097.097.0        
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Fig 4.1 Sieve analysis for fine aggregate 
 
Table 4.7 sieve analysis for sawdust 

       

Sieve Sieve Sieve Sieve 
NumberNumberNumberNumber    

Diameter   Diameter   Diameter   Diameter   
(mm)(mm)(mm)(mm)    

Mass of Mass of Mass of Mass of 
Sieve (g)Sieve (g)Sieve (g)Sieve (g)    

Mass of Mass of Mass of Mass of 
Sieve & Soil Sieve & Soil Sieve & Soil Sieve & Soil 

(g)(g)(g)(g)    

Soil Soil Soil Soil 
Retained Retained Retained Retained 

(g)(g)(g)(g)    

Soil Soil Soil Soil 
Retained Retained Retained Retained 

(%)(%)(%)(%)    

Soil Soil Soil Soil 
Passing Passing Passing Passing 

(%)(%)(%)(%)    

    4.7504.7504.7504.750    530.0530.0530.0530.0    530.0530.0530.0530.0    0.000.000.000.00    0000    100100100100    

 2.000 525.5 536 10.50 1.1 99.0 

 1.180 494.0 515.5 21.50 2.2 96.8 

 0.600 477.0 635.5 158.50 15.9 81.0 

 0.425 454.0 479.5 25.50 2.6 78.4 

 0.300 449.0 467 18.00 1.8 76.6 

 0.212 420.0 431 11.00 1.1 75.5 

 0.150 402.0 416.5 14.50 1.5 75.2 

 0.075 367.0 372.5 5.50 0.6 74.6 

 0.063 381.5 382.5 1.00 0.1 74.5 

PanPanPanPan    0.055 389.0 393.5 4.50 0.5 0.0 

   TOTAL:TOTAL:TOTAL:TOTAL:    270.50270.50270.50270.50    27.127.127.127.1        

 
 

0

10

20

30

40

50

60

70

80

90

100

0.0100.1001.00010.000

%
 P

a
s
s
in

g

Particle Diameter (mm)

#4 #10 #40 #200GRAVEL
Coarse
SAND

Medium
SAND

Fine
SAND

SILT/CLAY



 

IJSAIRIJSAIRIJSAIRIJSAIR | | | | 6666  
 

    Evaluation of Saw Dust Concrete with Various Percentages of MetakaolinEvaluation of Saw Dust Concrete with Various Percentages of MetakaolinEvaluation of Saw Dust Concrete with Various Percentages of MetakaolinEvaluation of Saw Dust Concrete with Various Percentages of Metakaolin    

 
Fig 4.2 Sieve analysis for sawdust 
 
Table 4.8 sieve analysis for Metakaolin 

Sieve Sieve Sieve Sieve 
Size Size Size Size 
(mm)(mm)(mm)(mm)    

Weight of Weight of Weight of Weight of 
Soil Soil Soil Soil 
Retained Retained Retained Retained 
on Sieve (g)on Sieve (g)on Sieve (g)on Sieve (g)    

Weight Weight Weight Weight 
of of of of 
Sieve(g)Sieve(g)Sieve(g)Sieve(g)    

Weight of Weight of Weight of Weight of 
soil soil soil soil 
Retained Retained Retained Retained 
(g)(g)(g)(g)    

Weight of Weight of Weight of Weight of 
Soil Soil Soil Soil 
Passing Passing Passing Passing 
(g)(g)(g)(g)    

Percentage Percentage Percentage Percentage 
Retained Retained Retained Retained 
(%)(%)(%)(%)    

PercentagePercentagePercentagePercentage    
Passing (%)Passing (%)Passing (%)Passing (%)    

2.0002.0002.0002.000    518.50 517.00 1.50 94.00 1.57 98.43 
1.1801.1801.1801.180    490.50 490.00 0.50 93.50 0.52 97.91 
0.6000.6000.6000.600    473.50 473.50 0.00 93.50 0.00 97.91 
0.4250.4250.4250.425    455.50 452.50 3.00 90.50 3.14 94.76 
0.3000.3000.3000.300    446.50 435.00 11.50 79.00 12.04 82.72 
0.2120.2120.2120.212    437.50 409.00 28.50 50.50 29.84 52.88 
0.1500.1500.1500.150    430.00 398.00 32.00 18.50 33.51 19.37 
0.0750.0750.0750.075    380.50 369.00 11.50 7.00 12.04 7.33 
PanPanPanPan    394.50 387.50 7.00 0.00 7.33 0.00 
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Fig 4.3 Sieve analysis for metakaolin 
    
Impact TestImpact TestImpact TestImpact Test    
Table 4.6 shows the result of the impact test carried out on coarse 
aggregate sample. 
 
Table 4.9 impact test for coarse aggregate 

Sample Sample Sample Sample         Weight (g)        Weight (g)        Weight (g)        Weight (g)            

Weight of container Weight of container Weight of container Weight of container WWWW1111     2994.5 

Weight of container + sample Weight of container + sample Weight of container + sample Weight of container + sample WWWW2222     3560 

Mass of sample passing through 2.36mm sieve (g)Mass of sample passing through 2.36mm sieve (g)Mass of sample passing through 2.36mm sieve (g)Mass of sample passing through 2.36mm sieve (g)     112.0 
AIV (%)AIV (%)AIV (%)AIV (%)     19.8 

      

    
Abrasion TestAbrasion TestAbrasion TestAbrasion Test    
Table 4.7 shows the result of the abrasion test carried out on coarse 
aggregate sample. 
 
Table 4.10 abrasion test for coarse aggregate 

Sample Sample Sample Sample         Weight (g)        Weight (g)        Weight (g)        Weight (g)            

Weight of sample (g)Weight of sample (g)Weight of sample (g)Weight of sample (g)     3000 

Mass of sample retained on 2mm sieve (g)Mass of sample retained on 2mm sieve (g)Mass of sample retained on 2mm sieve (g)Mass of sample retained on 2mm sieve (g)    
 

1985.5 

AAV (%)AAV (%)AAV (%)AAV (%)     33.8 
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Slump TestSlump TestSlump TestSlump Test    
Table 4.1 shows the result of the slump tests for each mixed concrete 
batch for both cube and beam. The slump is measured in millimetres. 
 
Table 4.11 Slump test result 

BatchBatchBatchBatch    Slump (mm)         Slump (mm)         Slump (mm)         Slump (mm)             

Nominal mix 65 
Sawdust concrete 48 

5% MK 34 
10% MK 26 
15% MK 17 

 
The results in Table 4.1 show that the workability of the freshly mixed 
concrete does not fall within the mix design range (30 – 60mm). It can also 
be observed that the elimination of sand and using sawdust completely 
reduces the workability of concrete while the addition metakaolin also 
reduces effectively the workability of the concrete. To achieve a more 
workable sawdust concrete, the water-cement ratio may need to be 
increased and. Fig. 4.3 gives a graphical representation of the slump test 
results. 

 
Fig. 4.3 Slump height vs. percentage replacement 

 
Compaction Compaction Compaction Compaction Factor Factor Factor Factor TestTestTestTest    
Table 4.2 shows the results obtained during the compacting factor test on 
the fresh concrete 
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Table 4.12 Compaction Factor test result 

BatchBatchBatchBatch    Compaction Factor Compaction Factor Compaction Factor Compaction Factor     

Nominal mix 0.5 
Sawdust concrete 1.1 

5% MK 2.1 
10% MK 2.5 
15% Fibre 2.9 

 
The result of the compaction factor test shows that the control batch has 
the lowest workability when compared with the other mix batches. It can 
be concluded that the addition of the elimination of sand and replacing 
with sawdust increase the workability of concrete while the addition of 
metakaolin in sawdust concrete also gives a significant increase in the 
workability of mixed concrete. Plate. 4.2 gives a graphical representation 
of the compaction test results. 
 

 
Fig. 4.3 Compaction factor vs. percentage replacement 

 
XRF AnalysisXRF AnalysisXRF AnalysisXRF Analysis    
The XRF analysis done on metakaolin yielded the results as shown in 
table 4.3, from Table 4.3 the concentration of SiO2, Al203 and Fe2O3 are 
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46.87%, 34.50% and 3.08% respectively. The addition of the three gives a 
total of 84.45% which is greater than 70%. Therefore, metakaolin is a 
pozzolanic material 

 
Table 4.13 XRF Analysis test result 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
    
    
    
    
    
    
    
    
Concrete Density TestConcrete Density TestConcrete Density TestConcrete Density Test    
The mass of all test cubes was measured, and the average unit weight 
(density) of each concrete batch was calculated based on the BS EN 323 
(1993) code and shown in Table 4.3. 

Density Density Density Density (kg/m3) = ���� ������	  
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Table 4.14 Density of concrete cubes 
Batch / Cube No.Batch / Cube No.Batch / Cube No.Batch / Cube No.    MassMassMassMass    

(kg)(kg)(kg)(kg)    
VolumeVolumeVolumeVolume    

××××10101010----3333    
(m(m(m(m3333) ) ) )     

DensityDensityDensityDensity    
(kg/m(kg/m(kg/m(kg/m3333))))    

Average Average Average Average 
DensityDensityDensityDensity    
(kg/m(kg/m(kg/m(kg/m3333))))    

    
    
    
    

Nominal Nominal Nominal Nominal 
mixmixmixmix    

Cube 1 7.89 3.375 2337.8 

2353.32353.32353.32353.3    

Cube 2 8.03 3.375 2379.3 

Cube 3 7.89 3.375 2337.8 

Cube 4 7.75 3.375 2296.3 

Cube 5 8.22 3.375 2435.6 

Cube 6 8.13 3.375 2408.9 

    
    
    
    

Sawdust Sawdust Sawdust Sawdust 
concreteconcreteconcreteconcrete    

Cube 1 6.89 3.375 2041.5 

2056.22056.22056.22056.2    

Cube 2 6.90 3.375 2044.4 
Cube 3 6.90 3.375 2044.4 
Cube 4 6.80 3.375 2014.8 
Cube 5 7.10 3.375 2103.7 
Cube 6 7.05 3.375 2088.9 

         
    
    
    
    
    

5%5%5%5%    
MKMKMKMK    

Cube 1 6.75 3.375 2000.0 

2128.42128.42128.42128.4    

Cube 2 7.19 3.375 2130.3 
Cube 3 7.18 3.375 2127.4 
Cube 4 7.36 3.375 2180.7 
Cube 5 7.32 3.375 2168.9 

Cube 6 7.30 3.375 2162.9 
 

            
    
    
    
    

10%10%10%10%    
MKMKMKMK    

Cube 1 7.00 3.375 2263.7 

2204.82204.82204.82204.8    

Cube 2 6.96 3.375 2168.8 

Cube 3 7.55 3.375 2180.7 
Cube 4 7.59 3.375 2225.1 
Cube 5 7.31 3.375 2139.2 

Cube 6 7. 45 3.375 2251.8 
    
    
    
    

15%15%15%15%    
MKMKMKMK    

Cube 1 7.64 3.375 2074.0 

2165.92165.92165.92165.9    

Cube 2 7.32 3.375 2062.2 

Cube 3 7.36 3.375 2237.0 

Cube 4 7.51 3.375 2248.9 

Cube 5 7.22 3.375 2165.9 

Cube 6 7.60 3.375 2207.4 

 
The test results above clearly show that the density of the nominal mix 
batch is 2353.3kg/m3 this value is relatively close to the density of the 
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design mix which is 2360kg/m3. It can also be seen that the 10% 
metakaolin in sawdust concrete batch yielded the highest density at 
2204.8kg/m3, and the sawdust concrete batch gave the least density value 
at 2056.2kg/m3.  
 
Fig. 4.3 shows a bar chart relating the average density to the percentage 
of metakaolin in sawdust concrete. 

 
Fig. 4.4 Concrete average density vs. metakaolin % 

    
Flexural Strength TestFlexural Strength TestFlexural Strength TestFlexural Strength Test    
The flexural strength of a total of 30 beam specimens as described in 
chapter three were tested. Two beams from each mix batch were tested 
after 7, 14, and 28 days of curing. The modulus of rupture (MOR) was 
calculated using the formula below. 
 

Modulus of Rupture fb (N/mm2) = 

��


���
 (BS 12390-5:2009) 

Where  P = maximum load (N) 
  L = distance between supporting rollers (200mm) 
  b = width of beam (100mm) 
  d = depth of beam 50(mm) 
The results of the flexural strength test for 7, 14, and 28 days are shown 
in Tables 4.4 to 4.6. 

Table 4.15 Flexural strength test results at 7 days 

Batch / Beam No.Batch / Beam No.Batch / Beam No.Batch / Beam No.    
Maximum Maximum Maximum Maximum 

load (P)load (P)load (P)load (P)    
(kN) 

MOR MOR MOR MOR     
(N/mm2)    

Average Average Average Average 
MORMORMORMOR    

(N/mm2)    

Nominal Nominal Nominal Nominal 
mixmixmixmix    

Beam 1 13.0 3.90 
3.81 

Beam 2 12.0 3.72 
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Sawdust Sawdust Sawdust Sawdust 
ConcreteConcreteConcreteConcrete    

Beam 1 8.0 1.21 
1.45 

Beam 2 6.0 1.70 

5% 5% 5% 5% MKMKMKMK    
Beam 1 6.0 1.70 

1.80 
Beam 2 7.0 1.90 

10% MK10% MK10% MK10% MK    
Beam 1 8.0 2.45 

2.49 
Beam 2 9.0 2.52 

15% MK15% MK15% MK15% MK    
Beam 1 7.0 1.90 

1.95 
Beam 2 6.0 1.70 

 
Table 4.16 Flexural strength test results at 14 days 

Batch / Beam No.Batch / Beam No.Batch / Beam No.Batch / Beam No.    
Maximum Maximum Maximum Maximum 

load (P)load (P)load (P)load (P)    
(kN) 

MORMORMORMOR    
(N/mm2)    

Average Average Average Average 
MORMORMORMOR    

(N/mm2)    

Nominal Nominal Nominal Nominal 
mixmixmixmix    

Beam 1 14.0 4.60 
4.48 

Beam 2 12.0 4.36 

Sawdust Sawdust Sawdust Sawdust 
ConcreteConcreteConcreteConcrete    

Beam 1 7.0 1.90 
1.90 

Beam 2 7.0 1.90 

5% MK5% MK5% MK5% MK    
Beam 1 7.0 1.90 

1.93 
Beam 2 5.0 1.95 

10% MK10% MK10% MK10% MK    
Beam 1 8.0 2.56 

2.56 
Beam 2 8.0 2.56 

15% MK15% MK15% MK15% MK    
Beam 1 6.0 2.00 

2.26 
Beam 2 9.0 2.52 

 
Table 4.17 Flexural strength test results at 28 days 

Batch / Beam No.Batch / Beam No.Batch / Beam No.Batch / Beam No.    
Maximum Maximum Maximum Maximum 

load (P)load (P)load (P)load (P)    
(kN) 

MORMORMORMOR    
(N/mm2)    

Average Average Average Average 
MORMORMORMOR    

(N/mm2)    

Nominal mixNominal mixNominal mixNominal mix    
Beam 1 16.0 5.42 

5.35 
Beam 2 15.0 5.29 

Sawdust Sawdust Sawdust Sawdust 
ConcreteConcreteConcreteConcrete    

Beam 1 9.0 2.56 
2.54 

Beam 2 8.0 2.52 

5% MK5% MK5% MK5% MK    
Beam 1 9.0 2.56 

2.69 
Beam 2 11.0 2.82 

10% MK10% MK10% MK10% MK    
Beam 1 12.0 3.72 

3.27 
Beam 2 11.0 2.82 

15% MK15% MK15% MK15% MK    
Beam 1 10.0 2.75 

2.79 
Beam 2 11.0 2.82 
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From the results given in Table 4.4 to 4.6 it can be seen that the gain of 
flexural strength of concrete is low at the initial stages (7 days) for all 
batches. The flexural strength of the concrete increases with the age of 
the concrete. The experiment shows that the replacement of fine 
aggregate with sawdust to get sawdust concrete reduces the flexural 
strength but the addition of the metakaolin increases the flexural 
strength, although the strength does not increase linearly with the 
increase in metakaolin percentage for sawdust concrete. Though all 
sawdust concrete batches containing metakaolin gave lower flexural 
strength than the control batch, the 10% metakaolin batch yielded the 
highest value of flexural strength after 7, 14, and 28 days. This results 
shows that the optimum metakaolin content in sawdust concrete to 
attain maximum flexural strength is 10%. Fig. 4.4 is a chart showing the 
average flexural strength and percentage fibre relationship after 7, 14, and 
28 days. 
 

 
Fig. 4.4 Average MOR vs. metakaolin % 

    
Compressive Strength TestCompressive Strength TestCompressive Strength TestCompressive Strength Test    
The compressive strength of a total of 30 concrete cubes as described in 
chapter three were tested. Two cubes from each mix batch were tested 
after 7, 14, and 28 days of curing. The compressive strength was calculated 
using the formula below. 

Compressive strength fcu (N/mm2) = 
�

�
 (BS 1881-Part 116) 

where   P = Maximum load applied to the specimen (N) and, 
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  A = Surface area in contact with the platens (mm2). 
Table 4.18 Compressive strength test results after 7 days 

 
Tables 4.7 to 4.9 show the results of the compressive strength tests after 
7, 14 and 28 days. 
A = Surface area in contact with the platens (mm2). 
Tables 4.7 to 4.9 show the results of the compressive strength tests after 
7, 14 and 28 days. 

 
Table 4.19 Compressive strength test results after 14 days 

Batch / Cube No.Batch / Cube No.Batch / Cube No.Batch / Cube No.    
Surface Surface Surface Surface 

Area (A) Area (A) Area (A) Area (A) 
(mm2)    

Maximum Maximum Maximum Maximum 
load (P) load (P) load (P) load (P) 

(kN)    

Compressive Compressive Compressive Compressive 
strength strength strength strength 
(N/mm2)    

Average Average Average Average 
Compressive Compressive Compressive Compressive 

ststststrength rength rength rength 
(N/mm2)    

ControlControlControlControl    
Cube 1 22500 530.0 23.55 

23.7123.7123.7123.71    
Cube 2 22500 537.0 23.86 

Sawdust Sawdust Sawdust Sawdust 
concreteconcreteconcreteconcrete    

Cube 1 22500 111.0 4.93 
4.904.904.904.90    

Cube 2 22500 114.0 5.06 

5% MK5% MK5% MK5% MK    
Cube 1 22500 124.0 5.51 

5.555.555.555.55    
Cube 2 22500 126.0 5.60 

10% MK10% MK10% MK10% MK    
Cube 1 22500 143.0 6.35 

6.556.556.556.55    
Cube 2 22500 152.0 6.75 

15% MK15% MK15% MK15% MK    
Cube 1 22500 144.0 6.40 

6.286.286.286.28    
Cube 2 22500 139.0 6.17 

 
 
 

Batch / Cube No.Batch / Cube No.Batch / Cube No.Batch / Cube No.    
Surface Surface Surface Surface 

Area (A) Area (A) Area (A) Area (A) 
(mm2)    

Maximum Maximum Maximum Maximum 
load (P) load (P) load (P) load (P) (kN)    

Compressive Compressive Compressive Compressive 
strength strength strength strength 
(N/mm2)    

Average Average Average Average 
Compressive Compressive Compressive Compressive 

strength strength strength strength 
(N/mm2)    

Nominal Nominal Nominal Nominal 
mixmixmixmix    

Cube 1 22500 515.0 22.88 
22.9522.9522.9522.95    

Cube 2 22500 518.0 23.02 

Sawdust Sawdust Sawdust Sawdust 
concreteconcreteconcreteconcrete    

Cube 1 22500 105.0 4.67 
4.764.764.764.76    

Cube 2 22500 109.0 4.84 

5% MK5% MK5% MK5% MK    
Cube 1 22500 120.0 5.33 

5.475.475.475.47    
Cube 2 22500 126.0 5.60 

10% MK10% MK10% MK10% MK    
Cube 1 22500 139.0 6.17 

6.266.266.266.26    
Cube 2 22500 143.0 6.35 

15% MK15% MK15% MK15% MK    
Cube 1 22500 138.0 6.13 

6.026.026.026.02    
Cube 2 22500 133.0 5.91 
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Table 4.20 Compressive strength test results after 28 days 

Batch / Cube No.Batch / Cube No.Batch / Cube No.Batch / Cube No.    
Surface Surface Surface Surface 

Area (A) Area (A) Area (A) Area (A) 
(mm2)    

Maximum Maximum Maximum Maximum 
load (P) load (P) load (P) load (P) 

(kN)    

Compressive Compressive Compressive Compressive 
strength strength strength strength 
(N/mm2)    

Average Average Average Average 
Compressive Compressive Compressive Compressive 

strength strength strength strength 
(N/mm2)    

Nominal Nominal Nominal Nominal 
mixmixmixmix    

Cube 
1 

22500 619.8 27.55 

27.4027.4027.4027.40    
Cube 

2 
22500 613.4 27.26 

Sawdust Sawdust Sawdust Sawdust 
concreteconcreteconcreteconcrete    

Cube 
1 

22500 118.0 5.24 
5.225.225.225.22    

Cube 
2 

22500 117.0 5.20 

5% MK5% MK5% MK5% MK    

Cube 
1 

22500 129.0 5.73 
5.785.785.785.78    

Cube 
2 

22500 131.0 5.82 

10% MK10% MK10% MK10% MK    

Cube 
1 

22500 170.0 7.55 

7.797.797.797.79    
Cube 

2 
22500 181.0 8.04 

15% MK15% MK15% MK15% MK    

Cube 
1 

22500 163.0 7.24 

7.387.387.387.38    
Cube 

2 
22500 169.0 7.51 

The results of the compressive strength test given in the above tables 
show clearly that the addition of the metakaolin increases the 
compressive strength of sawdust concrete 
 
Table 4.7 to 4.9 shows that nominal mix batches yield compressive 
strength value greater than sawdust concrete and the addition of 
metakaolin in sawdust concrete. The results show that the optimum 
percentage of metakaolin in sawdust concrete to yield the maximum 
compressive strength is 10% (by weight of cement) as it yields 
7.79N/mm2, a huge difference in strength compared to the control batch 
after 28 days.  Fig 4.5 shows a bar chart relating the average compressive 
strength and fibre percentage after 28 days.   
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Fig. 4.4 Average Compressive vs. metakaolin % 

 
CONCLUSION AND RECOMMENDATION CONCLUSION AND RECOMMENDATION CONCLUSION AND RECOMMENDATION CONCLUSION AND RECOMMENDATION     
The effect of the replacement of cement with metakaolin in sawdust 
concrete as an additive was analysed in this study. The study is aimed at 
reducing the rate at which this by-product is being converted to solid 
waste material by effectively utilizing the sawdust gotten from sawing of 
wood in the production of concrete that can definitely be utilized in 
conditions where compressive strength is not a huge necessity and since 
sawdust can be obtained at little or no cost. The compressive and flexural 
strength characteristics of sawdust concrete were discussed and 
compared with conventional concrete. Based on the results and analysis, 
the following conclusions were drawn: 

1. The workability of freshly mixed concrete reduced after sawdust was 
used in producing sawdust concrete and a sudden increase happened 
after 5% of metakaolin was used to partially replace cement and then a 
sudden decrease happened after 10%. This is a result of the water 
absorption characteristic of the sawdust which makes the mix stiffer, 
gives a lower slump value and affects the appearance of the concrete 
when it sets if not properly compacted. 

2. The metakaolin percentage that yielded the highest density was 15% 
with 2204.8 kg/m3 while the 5% batch yielded 2128.4 kg/m3. The nominal 
mix yielded 2353.3 kg/m3 and the sawdust concrete batch yielded 2056.2 
kg/m3, hence the density of the sawdust concrete increase with an 
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increase with an increase in metakaolin content due to the volume of 
voids. 

3. The flexural strength values indicate that sawdust concrete gains high 
strength at the early stage. It also shows that the addition of 
metakaolin increases the modulus of rupture (MOR) after 7, 14 and 28 
days although the MOR does not increase with increasing metakaolin 
content. The increase in MOR is only up to a certain metakaolin 
content. The 10% metakaolin batch yielded the highest MOR at 28 
days with 3.27N/mm2 

4. Addition of metakaolin in sawdust concrete increases the compressive 
strength of the concrete after 7, 14 and 28 days. The 10% MK batch 
yielded the highest compressive strength value 7.79N/mm2. The 
compressive strength does not increase with increasing metakaolin 
content; the increase is only up to a certain metakaolin content. 

5. The optimum quantity of metakaolin for use as an additive in sawdust 
concrete is 10% (by weight of cement) as it yields the highest 
compressive and flexural strength values. 

    
RECOMMENDATIONRECOMMENDATIONRECOMMENDATIONRECOMMENDATION    
1. Research on the use of more industrial wastes in the production of 

construction materials and concrete composites should be encouraged 
to develop enhanced structural composites and aid in the control of 
agro-wastes. 

2. Additives such as metakaolin should be studied further and used a lot 
in the construction as it is a pozzolan that has proved to be useful in 
improving mechanical properties of concrete. 

3. For further researches, it is recommended that the study be done for a 
longer period of time to test the durability of the composites after 3 or 
6 months as this will determine the suitability of the method in 
construction 
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