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Abstract 
The scarcity of housing increases as population continues to rise all over the 
world. Despite government efforts at providing houses, yearly demand keeps 
on exceeding available houses and hence the hike in rent, the cost of erecting 
houses and the cost of building materials. This ultimately calls for a decisive 
solution. This study therefore applied compliance to cost ratio (C-CR) 
analysis in evaluating the optimum properties of fired ceramic bricks. The 
optimum mix proportions of waste glass (WG) and wood saw dust (WSD) 
in fired bricks, that will be suitable for housing constructions were hence 
determined. Fired clay brick samples which contained varied proportions 
of WG and WSD were examined for physical, mechanical and thermal 
properties in line with standard procedures. The results were compared with 
existing standards and property evaluation index, compliance level and C-CR 
were applied in analyzing the results obtained. It was observed that with 
increasing WG content, compliance level increased. Also, cost ratio and 
experimental cost of each brick sample trended upward. Sample with mix 
proportion; 20 wt% WG, 5 wt% WSD and 75 wt% clay had compliance level 
of 94% and C-CR index of 7.81, hence chosen as optimum mix proportion for 
masonry bricks. 
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1. Introduction 

Housing and shelter remain very important needs of man. As population con-
tinues to rise all over the world, scarcity of housing increases which requires a 
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solution. Despite government interventions in providing houses, yearly demand 
keeps on exceeding available houses [1] [2] [3]. Migration from rural areas to ci-
ties has led to population explosion in the cities, leading to soaring demands for 
few houses available [4] [5]. Since demand for houses is more than the available 
houses, rent keeps going up and remains unaffordable for the common man. 
Housing provision in rural areas can help reduce migration from rural areas to 
cities and this in turn will lower the pressure on basic amenities in the urban 
areas [4] [6]. 

This insufficiency is a result of some factors, one of which is the high cost of 
building materials like ordinary Portland cement (OPC), commonly used in 
making Sandcrete bricks in modern day masonry as claimed in [7] [8] [9]. 
Works have been done in using clay bricks as alternative building bricks since 
clay has good workability, it is relatively cheap and readily available in our im-
mediate environment [10] [11]. The use of this clay is cost-effective and energy 
saving [10] [12]. Many researchers have utilized environmental wastes in the 
production of bricks by adding these wastes to clay. Environmental wastes used 
include wood saw dust [13] and ashes [14], bamboo ashes [15], rice husk [16], 
charcoal [17], sludge [18] [19], waste glass [20] [21], fly ash [22], coal mining 
and petroleum refining wastes [19] [23]. These wastes were added to improve 
properties of fired bricks for various applications ranging from masonry to re-
fractory [24] [25]. 

In a bid to reduce indoor temperature which is high on sunny days (occasioned 
by global warming), insulating bricks are needed [26]. These insulating bricks can 
also be employed in the construction of low cost houses towards reducing housing 
deficits. Thus, this particular bricks should be affordable, and readily available 
even for massive housing construction. To obtain these kinds of bricks, additives 
such as wood saw dust, as employed in this study can be utilized in the course of 
production. Wood saw dust had been known to improve insulating efficiency of 
bricks by creating pores which serve as air trap, thereby reducing thermal conduc-
tion in bricks [13] [14] [27] [28] [29]. Nevertheless, increased saw dust in bricks 
results in reduced strength and bulk density [27] [28] and this is detrimental to the 
durability of the bricks. Incorporation of waste glass was recorded to improve 
some strength properties of fired bricks [21] [30], so as to improve their load 
bearing capacity. Thus, incorporation of these additives (in varied proportions) 
namely wood saw dust and waste glass into fired bricks was studied and the com-
pliance to cost implication analyzed by applying C-CR. 

Various studies accounted for the properties and influence of waste addition 
on the properties of bricks. However, there is little account for compliance of 
such bricks with existing standards. There was no evaluation of the compliance 
level of the bricks samples with respect to the experimental cost incurred in 
producing the samples. This study, therefore, involved selection of optimum mix 
proportions for fired ceramic bricks containing waste glass and wood saw dust 
additives using Compliance to Cost Ratio (C-CR) analysis as developed in [31]. 
C-CR examines the influence of the properties with respect to the cost incurred 
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on compositions employed in the course of sample preparation, and provides a 
way of selecting mix proportion of compositions for a given application, putting 
into consideration level of compliance with existing standards. Cost ratio on its 
own, evaluates in details, the cost of all components involved in the laboratory 
preparation of samples. It gives a view of cost of production of each sample at 
experimental and industrial scale. In general, C-CR helps to analyze for the op-
timum sample/mix proportion at experimental and industrial scale by account-
ing for the compliance level of each sample to existing standards and cost ratio 
of the compositions present in each sample, allotting price value to every ma-
terial used. C-CR values are dependent on costs of compositions, values of 
properties after carrying out tests on samples and categories of samples pro-
duced. These values vary from one experiment to another and dependent of cost 
of materials and cost incurred during production process. Optimal mix propor-
tion for masonry bricks is identified by ranking based on C-CR value and the 
one with the highest C-CR is ranked first. 

In carrying out C-CR analysis, the following steps were taken: 
1) recording the value of properties obtained during tests; 
2) obtaining the standard values for properties of masonry brick; 
3) evaluating the property evaluation index and total value under each sample; 
4) estimating the compliance level for each sample; 
5) evaluating experimental cost of each sample; 
6) accessing the Cost Ratio CR for each composition and Total Cost Ratio 

(TCR) of each sample and; 
7) evaluating for the Compliance to Cost ratio (C-CR curve) as stated in Equ-

ation (3). 
However, the purposes are to: 
1) ensure the production of the samples and ultimately, the bricks at the 

cheapest costs possible; 
2) ensure strict compliance with the standard procedures; 
3) assess the samples alongside the costs in order to select the sample with the 

optimum cost and; 
4) determine, eventually, the sample with the best compliance to cost ratio. 

2. Materials and Methods 

The materials used were clay, waste glass (WG) and wood saw dust (WSD). 600 
Kg of clay (excavated from Ijapo clay hill in Akure, Ondo State, Nigeria) was 
bought at N 6.77/kg; while 90 Kg of WSD was procured at N 1.87/Kg. Glass 
wastes were also acquired at N 14.47/Kg. After washing, grinding and sieving (to 
−75 µm) of the glass wastes, the cost rose to N 23.78/Kg for WG powder. The 
clay obtained which was sundried for 3 days was broken into lumps, milled and 
sieved to −150 µm; while the WSD was sundried and sieved to −850 µm. Sam-
ples were prepared by the mixing of WG at varied proportions of 10%, 15%, 
20%, 25%, 30%, 35% and 40% by weight WSD at 5% fixed amount and Clay, 
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with water to clay ratio of 0.62 to 0.71. Control samples were prepared by adding 
water to clay and the slurry extruded into cube moulds of dimension; 100 mm × 
100 mm × 100 mm and 150 mm × 150 mm × 150 mm as per [32], cylindrical 
mould of upper and base diameter of 150 mm and height 300 mm, cuboids 
moulds of 190 mm × 90 mm × 90 mm and 400 mm × 100 mm × 100 mm. The 
slurry was compressed at 10 MPa in the mould for compaction. The mix propor-
tions are as indicated in Table 1. 

Freshly prepared brick samples were left in the open atmosphere for 12 hours 
to allow stability before being weighed and oven-dried at 110˚C for 12 hours. 
Afterwards, the samples were fired in an oven at 10˚C/min until 1000˚C was at-
tained. Brick samples were soaked at that temperature for 150 min, then allowed 
to cool in the furnace before being tested for apparent porosity, water absorp-
tion, water absorption capacity, weight loss, volumetric shrinkage, saturation 
coefficient, initial suction rate, linear shrinkage, bulk density, compressive strength, 
wear rate, thermal conductivity. Durability tests were carried out by examining 
efflorescence and acid resistance (by weight loss in acid) using 1 M H2SO4. 
Chemical composition of materials used are presented in Table 2, just as stan-
dard procedure followed in testing samples are stated in Table 3. 

3. Results and Discussion 

Table 3 shows the values for the properties of each mix proportions, three sam-
ples representing each mix proportions were used for each test and the mean 
value obtained were recorded. From the results, the increasing proportions of 
additives led to reduction in the values of apparent porosity, water absorption, 
water absorption capacity, initial suction rate, linear shrinkage, weight loss and 
wear depth while there was an uptrend in bulk density, hardness, compressive 
strength, flexural strength, and thermal conductivity. In the case of efflorescence, 
the samples tested fell between slight and moderate which still met requirement 
for bricks [42] while weight loss in acid varied from one sample to another. Im-
proved properties in the samples can be attributed to firing which enhanced  

 
Table 1. Mix proportions of samples produced. 

Samples Waste glass (%) Saw dust (%) Clay (%) 

A 0 0 100 

B 10 5 85 

C 15 5 80 

D 20 5 75 

E 25 5 70 

F 30 5 65 

G 35 5 60 

H 40 5 55 
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Table 2. Chemical composition of materials used. 

Compound Clay (%) Waste glass (%) Saw dust (%) 

SiO2 56.5 69.7 24.2 

Al2O3 18.7 3.1 16.5 

Fe2O3 7.2 0.2 1.7 

MgO 1.2 1.9 2.5 

CaO 1.8 9.5 33.3 

K2O Nill 0.8 2.7 

Na2O 0.3 10.1 1.2 

MnO 0.7 0 2.3 

Other oxides 7.9 4.0 3.5 

LOI 5.7 0.7 12.2 

LOI: Loss on Ignition. 
 

Table 3. Test methods and standard procedures adopted. 

Test for Standard Procedure 

Porosity [33] 

Water Absorption (24 hrs immersion) [33] [34] 

Water absorption (5 hrs boiling) [33] 

Saturation Coefficient [35] 

Initial Suction Rate [35] 

Linear Shrinkage [36] 

Bulk Density [33] 

Compressive Strength [37] 

Flexural Strength [38] 

Wear rate [39] [40] 

Thermal Conductivity [41] 

Efflorescence [42] 

Weight loss [35] 

Volumetric shrinkage [35] 

Water absorption capacity coefficient [43] 

Acid resistance test (% weight loss) [44] 

 
compaction and densification. In addition to this, additional silica content inclusion 
in fired brick samples as a result of higher silica content in WG (69.7%) may be 
contributory to improved performance. 

3.1. Values of Properties obtained during Tests 
The test values of the properties obtained are as recorded in Table 4. 
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Table 4. Values of properties evaluated at constant 5% wt of wood saw dust. 

Properties 0 10 15 20 25 30 35 40 

Linear shrinkage 9.5 8.9 6.4 5.5 7.3 5.4 5.3 5.1 

Volumetric shrinkage 6.78 6.70 6.40 4.20 4.10 3.88 3.62 3.91 

Weight loss index 8.33 6.54 5.71 6.11 4.43 5.81 3.33 3.21 

Porosity 36.6 36.9 33.3 30.2 26.3 22.9 19.2 15.6 

Water absorption 24 hrs 25.2 24.5 22.1 20.7 18.4 15.8 15.8 14.4 

Water absorption 5 hrs boiling 26.0 27.8 24.0 23.8 19.8 16.0 14.5 15.6 

Saturation coefficient 0.97 0.88 0.92 0.87 0.93 0.99 0.99 0.87 

Initial rate of water absorption 2.4 2.4 2.3 2.1 1.9 1.8 1.7 2.1 

Wear depth 3.51 3.22 3.13 2.23 1.72 1.51 1.36 1.25 

Bulk density 1.48 1.53 1.64 1.73 1.86 1.92 1.98 2.02 

Thermal conductivity (W/mK) 0.21 0.21 0.24 0.27 0.32 0.39 0.43 0.46 

Compressive strength 11.8 12.1 13.5 15.4 17.5 19.7 21.3 22.5 

Flexural strength 1.84 1.95 1.96 2.64 3.30 4.32 3.72 3.35 

Efflorescence (%) 
42 

moderate 
39 

moderate 
40 

moderate 
28 

moderate 
33 

moderate 
32 

moderate 
15 

moderate 
18 

moderate 

Water absorption capacity coefficient 
(Kg/m2t1/2) 

12.3 9.4 8.7 8.5 6.5 5.3 4.4 3.5 

Acid resistance test (%) 5.1 5.3 4.7 3.4 3.8 3.2 3.2 2.9 

3.2. Obtaining the Standard Values for Properties  
of Masonry Brick 

The standard values of the properties of masonry bricks are as recorded in Table 
5. 

3.3. Property Evaluation of Samples 

Sequel to the documentation of the values of properties for each sample, values 
recorded were compared with standard values adopted in this study, as stated in 
Table 5. The value for each sample in Table 4 was compared with the standard 
value for each property in Table 6. Where the property value in Table 4 met the 
standard value in Table 5, 1 was recorded for such property under each sample 
in Table 6. Where the value failed to meet the required standard, 0 was record-
ed. In Table 6 for instance, comparing the apparent porosity value for sample A 
to H in Table 4 with the standard value of <30% in Table 5, samples E (25% 
WG), F (30% WG), G (35% WG), and H (40% WG) had below BS 3921 [47] 
value of 30%. 1 was used for porosity under sample, E, F, G and H while in the 
case of other samples which failed to meet the standard value (i.e. have above 
30%), 0 was recorded, as represented under samples A, B, C and D, in Table 6. 
This procedure was followed for all samples until Table 6 was complete. At the 
end, the numbers were added and total value of index was obtained for each mix 
proportion/sample. 
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Table 5. Standard values for properties of masonry bricks adopted in this study. 

Properties Standard Value Source 

Linear Shrinkage Less than 8% [45] 

Volumetric Shrinkage Less than 8% [45] 

Bulk density 1.6 g/cm3 [46] 

Apparent Porosity Less than 30% [47] 

Water absorption (24 hrs immersion) Less than 20% [48] [49] 

Water absorption (5 hrs boiling) Less than 25% [48] 

Saturation Coefficient Less than 0.9 for normal weather [48] 

Weight loss Less than 15% [50] 

Efflorescence 0-50% [42] 

Initial Suction Rate Between 0.25 to 1.5 Kg/m2∙min [47] 

Compressive Strength Greater than 5 MPa (low rise building) [47] 

Thermal conductivity Not greater than 0.6 W/mK [41] 

Flexural Strength 2 MPa [51] 

Wear rate 3 mm [52] 

Water absorption capacity coefficient ≤10 kg/min2∙t1/2 [43] 

Acid resistance test ≤4% [44] 

 
Table 6. Values of properties for samples with 5 wt% WSD. 

Properties 0 10 15 20 25 30 35 40 

Linear shrinkage 1 1 1 1 1 1 1 1 

Volumetric shrinkage 1 1 1 1 1 1 1 1 

Weight loss index 1 1 1 1 1 1 1 1 

Apparent porosity 0 0 0 0 1 1 1 1 

Water absorption 24 hrs 0 0 0 1 1 1 1 1 

Water absorption 5 hrs boiling 0 0 1 1 1 1 1 1 

Saturation coefficient 0 1 0 1 0 0 0 1 

Initial rate of suction 1 1 1 1 1 1 1 1 

Wear depth 0 0 0 1 1 1 1 1 

Bulk density 0 0 1 1 1 1 1 1 

Thermal conductivity (W/mK) 1 1 1 1 1 1 1 1 

Compressive strength 1 1 1 1 1 1 1 1 

Flexural strength 0 0 0 1 1 1 1 1 

Efflorescence (%) 1 1 1 1 1 1 1 1 

Water absorption capacity coefficient 0 1 1 1 1 1 1 1 

Acid resistance test 0 0 0 1 1 1 1 1 

Total value 7 9 10 15 15 15 15 16 
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3.4. Evaluating the Compliance Index for Each Sample 

Compliance Level/index 
Compliance Index (C.I) for each sample was evaluated using Equation (1) 

 

Total Value for each sample 100
Total expected Va

.
lue

C I = ×               (1) 

Total expected value refers to total number of standards adopted in this study, 
which are 16. Table 7 indicates that with appreciable increase in WG content, 
properties were improved leading to higher level of compliance. 

3.5. Evaluating Experimental Cost of Each Sample 

Cost Analysis: Going by percentage weight composition as stated in Table 1, 
cost was analysed in Table 8 and Table 9. 

 
Table 7. Compliance level for each sample. 

Samples A B C D E F G H 

WG (%) 0 10 15 20 25 30 35 40 

Compliance level (%) 44 56 63 94 94 94 94 100 

 
Table 8. Cost of each composition in each sample. 

Samples Clay (g) WSD (g) WG (g) Cost of composition (Naira) 

A 10.16 0 0 10.16 

B 8.63 0.14 3.57 12.34 

C 8.00 0.14 5.35 13.49 

D 7.50 0.14 7.13 14.77 

E 7.00 0.14 8.92 16.06 

F 6.50 0.14 10.7 17.34 

G 6.00 0.14 12.45 18.59 

H 5.50 0.14 14.27 19.91 

 
Table 9. Summary of cost. 

Samples 
Cost of Composition 

(N) 
Fixed Cost (N) 

Experimental cost of 
each sample (N) 

A 10.16 67.40 77.56 

B 12.34 67.40 79.74 

C 13.49 67.40 80.89 

D 14.77 67.40 82.17 

E 16.06 67.40 83.46 

F 17.34 67.40 84.74 

G 18.59 67.40 85.99 

H 19.91 67.40 87.31 
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The cost of each sample was evaluated for clay as N 6.77/Kg, for WSD as N 
1.87/kg and WG (particles) as N 23.78/kg. Labour cost of crushing, milling and 
sieving was estimated as N 8377, for the 412 bricks produced, while N 19,391 
was also estimated for cost of firing which were fixed cost. Fixed cost amounts to 
N 67.40/sample. 

It should however be noted that the cost analysis done in this study was eva-
luated based on the cost incurred in the course of the research which is depen-
dent on the cost of materials used as at the time of study. This may not be a true 
representation of actual cost at the industrial scale. Also, Nigerian Naira (N) was 
employed in evaluating cost of materials and experimental cost of samples, since 
the study was done in Nigeria and the materials used were priced using the Nai-
ra (as at the time 1 US dollar was N 360 officially). 

3.6. Obtaining the Cost Ratio CR for Each Composition  
and Total Cost Ratio (TCR) of Each Sample 

Cost Ratio (CR) Analysis 
Cost ratio is the ratio of cost on each component in each sample to the cost 

expended on the materials. 
Cost on each component in each sample

cost expended on all components in e
Cos

ach
t Ratio

 sample
=       (2) 

3.7. Compliance to Cost Ratio (C-CR) 

C-CR for each sample was evaluated using Equation (3) 
Compliance

Total Cost R o
C-CR

ati
=                     (3) 

3.8. Plotting the TCR and C-CR Curve 

Total Cost Ratio (TCR) 
From Table 10, it can be observed that cost ratio continues to rise from sample 

A (with no additives) to sample H (40% WG and 5% WSD). This implies that as 
 

Table 10. Total cost ratio analysis. 

Cost ratio of each component in each sample 

Samples Clay WSD WG Total CR 

A 0.0828 0 0 0.0828 

B 0.0704 0.0011 0.0291 0.1006 

C 0.0652 0.0011 0.0435 0.1089 

D 0.0611 0.0011 0.0581 0.1203 

E 0.0571 0.0011 0.0727 0.1309 

F 0.0530 0.0011 0.0872 0.1413 

G 0.0489 0.0011 0.1015 0.1515 

H 0.0448 0.0011 0.1163 0.1622 
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additives increase in the samples, cost of production continued to rise. 
From Table 11 and Figure 1, sample H (40% WG and 5% WSD content) which 

had 100% compliance has a lower C-CR value compared to sample D (20% WG 
and 5% WSD) which has the highest C-CR value of 7.81 despite its lower com-
pliance level of 94%. Hence, it’s more economical to employ sample D in maso-
nry/construction than sample H. Sample D has the highest C-CR of all samples 
analyzed in this study, indicating that it will be the most cost-effective, with op-
timum impact in service. Therefore, sample with 5 wt% WSD, 20 wt% WG and 
75 wt% Clay (Ijapo clay) is the optimum mix. 

3.9. Scanning Electron Microscopy (SEM) 

Figure 2(a) shows the SEM image of sample A with no additives. The image 
shows a large amount of pores while Figure 2(b) shows the image of selected 
sample D (5% WSD and 20% WG) having reduced pore volume compared to 
sample A (0% WSD and 0% WG content), which explains better property beha-
vior in 20% WG content than in sample A with 0% WG. Reduction in pores is 
attributable to vitrification at high temperature leading to enhanced compaction. 

Glass luster can be noticed in Figure 2(b) which is linked to the glassy phase 
formed at high temperature, filling up pores at high temperature. This further 
contributed to reduced porosity and better performance. 

 
Table 11. Compliance to Cost Ratio (C-CR) Table. 

Compliance to Cost Ratio (C-CR) 

Sample Compliance (%) Total Cost Ratio C-CR 

A 44 0.0828 5.31 

B 56 0.1006 5.57 

C 63 0.1098 5.73 

D 94 0.1203 7.81 

E 94 0.1309 7.18 

F 94 0.1413 6.65 

G 94 0.1515 6.20 

H 100 0.1622 5.80 

 

 
Figure 1. Compliance to cost ratio curve. 
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Figure 2. Images of the surface morphology of sample A (a) and Sample D (b). 

4. Conclusion 

The work has shown that the addition of wood saw dust and waste glass in the 
appropriate proportions could influence the mechanical and thermal properties 
of clay bricks for masonry. The work further revealed the appropriate techniques 
via which the bricks could be produced at the optimum cost possible. The scan-
ning electron microscopy clearly revealed the influence of waste glass on the po-
rosity (decrease) and the strength (increase) of the fired bricks. Compliance to 
Cost ratio gave a maximum value of 7.81 as obtained for sample D (20% by 
weight WG and 5% by weight WSD). Therefore, 20% waste glass and 5% wood 
saw dust addition to fired bricks is expected to be most appropriate for construc-
tion of houses. It is therefore recommended for masonry. 
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