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Abstract: Thermal efficient sandcrete bricks are masonry units with good thermal insulating properties. Wood 
fiber (WF) possesses low thermal conductivity, hence, its incorporation in mortar mix results in thermal efficient 
masonry units. Milled glass (MG) could be added for strength enhancement. This study incorporated WF into 
mortar mix at a constant dosage of 5 wt.%, with varying MG proportions of 0, 5, 10, 15 and 20 wt.% and cured 
for 7, 14 and 28 days. The results obtained showed minimization of porosity and water absorption at increasing 
MG content. Density and compressive strength were enhanced as MG content increased. Flexural and splitting 
tensile strengths appreciated and peaked at 15 wt.% MG. Thermal performance measured demonstrated 
progressive appreciation in thermal conductivity while specific heat capacity followed a downtrend as MG dosage 
increased. The study revealed that the collage of 5 wt. % wood fiber and 15 wt. % MG yielded optimum result. 
The study, therefore, concludes that the addition of milled glass and wood fiber positively and significantly 
affected the properties of sandcrete bricks. 15 wt.% of milled glass and 5% wood fiber inclusion in sandcrete bricks 
are recommended for use by construction practitioners.  
Keywords: Milled glass; Properties; Sandcrete bricks; Wood fiber.  

 
 
1. Introduction 
 

Demand for structures keeps rising on account of various reasons like population growth, technological 
advancement and structural modification in cities. This in turn places demands on construction materials. One of 
the well-known approaches in this field is the use of waste for building materials production [1-4]. Concrete bricks 
are essential structural units for construction and are experiencing price hikes based on the high cost of component 
materials like sand and cement. Over time, structural materials developers are devising means of lowering the cost 
of these bricks by incorporating some waste materials like agricultural and industrial wastes into the sand/clay-
cement mix [5–9]. Most of the wastes are being employed as cement replacement or aggregate replacement either 
partially or fully [10]. Such wastes include rice husk and its ash [11], coconut shell ash [12], eggshell [13], palm 
kernel shell [14] and agro fibers [15, 16]. The essence of adding waste is for a low cost without compromising 
strength [17–20] in fact in some cases, strengths are enhanced due to initiation of pozzolanic reaction as a result 
of silica content present in these wastes [21–23]. 

To achieve bricks with good thermal insulation properties, the inclusion of additives with lower thermal 
conductivity in cement bricks results in a decrease in thermal conductivity of the bricks effect of which reduces 
thermal exchange in buildings [24, 25]. A study carried out by Awang et al. [26] shows that the addition of 
polypropylene fiber (thermal conductivity value of 0.11 W/mK) in concrete mix resulted in a decrease in thermal 
conductivity of cement composite brick developed. Ashour et al. [27] showcased how thermal insulation was 
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enhanced in brick by infusion of wheat straw and barley straw. Another agro-waste material is wood fiber also 
known as wood sawdust which has an average thermal conductivity of 0.061 W/mK [28]. As compared with the 
higher thermal conductivity of concrete bricks [29], the presence of sawdust in concrete initiates the lowering of 
the thermal conductivity of bricks. Hafed [30] studied thermal insulation in cement-wood sawdust concrete 
composite and observed progressive depreciation in thermal conductivity of concrete with sawdust proportion at 
10, 20 and 30 wt.%. 85% reduction in thermal conductivity was achieved when 30 wt.% sawdust was incorporated. 
A similar investigation was conducted in [31] where the effect of rubber cuttings and wood sawdust on the 
properties of lightweight bricks was probed. The outcome realized showed a considerable reduction in thermal 
conductivity. Comparable results reflected 42.8% and 66.7% reduction in thermal conductivity for rubber cuttings 
and wood dust respectively on the infusion of 20 wt.% additives; depicting the fact that sawdust is more potent in 
lessening thermal conductivity than rubber cuttings. Therefore, the use of wood dust in concrete brick mixture 
depicts the fact that insulating concrete bricks are good for use in the present time of global warming which has 
brought about increased temperature.   

Conversely, despite the effectiveness of sawdust in the thermal insulation of bricks, its presence is detrimental 
to the strength of the bricks.  Investigation revealed an increasing proportion of sawdust in the concrete samples 
reflected reduction in density, compressive and flexural strengths. A close assessment investigated the effect of 
wood sawdust on strength of cement composite [32]; the result indicated a reduction in compressive strength as 
sawdust was used for the replacement of sand up to 50 wt.%. The same experience as with compressive strength 
was noted in [33]. Awal et al. [34] scrutinized properties of sawdust concrete and concluded that the presence of 
sawdust has a diminishing effect on compressive strength. From the reports, it can be inferred that the use of 
sawdust in concrete amounts to an improvement in insulating properties, however, strength is compromised. 

A way of addressing the challenge is by the inclusion of strength-enhancing additives. Milled glass or glass 
powder which is obtained mostly from waste glass via grinding, milling and sieving has been reported to enhance 
strength in bricks [35, 36]. The waste glass was reported to have a pozzolanic effect on concrete due to silica 
content, hence it’s been employed in concrete. This material was deduced to improve compressive, flexural and 
split tensile strength in the findings of [37, 38]. 20 wt.% waste glass inclusion in 38 gave an optimum 15% rise in 
28th day compressive strength. Inclusion of 15 wt.% glass powder amounted to a 24.4% rise in compressive 
strength reported in [39] while 37% improvement in tensile strength was equally observed on account of 15 wt.% 
waste glass inclusion. In the light of these aforementioned observations and onto strength optimization of wood 
fiber-mortar bricks, milled glass at varying proportions of 5, 10, 15, 20 and 25 wt.% are employed as partial 
replacement of fine sand while wood dust is incorporated at 5 wt.% constant proportion of the concrete mix. 
 
2. Materials and methods 
 
2.1 Materials 

The materials production process involved at the first stage, the acquisition of glass waste, cement, sawdust 
(wood fiber) and sand aggregate. The physical properties of the materials are shown in Table 1. Broken windows 
glass was collected, cleaned, crushed and grounded. The grounded glass was further milled in a ball mill and sieved 
to -150 µm. Sample of the milled glass was tested for chemical composition (Table 2) and properties such as 
specific gravity, density, fineness modulus and water absorption were assessed in consonance with [40, 41]. 
Ordinary Portland cement (OPC) of grade 43 conforming to [42, 43] required prescriptions was procured from a 
local merchant and tested for specific gravity [44] and fineness [45]. Initial and final setting time [46] at varying 
milled glass content of 0, 5, 10, 15, 20 and 25 wt.% and consistency [47] were also assessed. The chemical 
composition of milled glass and OPC was probed as par [48] specifications using X-ray fluorescence (XRF) and 
the result is presented in Table 2. The wood fiber was collected from a local sawmill sieved to -300 µm and 
prepared by soaking in water for 24 hours to reduce impurities and water sugar content sequel to 48 hours’ sun 
drying. The study incorporated wood fiber at 5 wt.% constant proportion of the concrete mix as was recommended 
in previous study [49]. Natural sand (max size 1 mm) used was collected from a riverbank, washed and oven-dried 
at 110 °C for 24 hours prepared and graded in line with [50]. 

The specific gravity of input materials; milled glass, cement and sand are 2.71, 3.12 and 2.59, respectively while 
densities are 1.62, 3.08 and 1.38 g/cm3, respectively, from which it is deduced that cement is the heaviest. It is also 
noted; milled glass is heavier than sand used, hence, partial replacement of the sand by milled glass powder in the 
composite mix could contribute to the densities of the bricks. The finest of the input materials is cement (fineness 
modulus of 1.22) which gives a view of a large surface area for reaction. The milled glass is also finer than the 
sand implying a large reactive surface area. 

Table 2 reflects the chemical content of the input materials. As expected, cement is high in calcium oxide while 
sand and MG have a high content of silica. The presence of the two compounds effectuates the formation of 
calcium silicate hydrate (CSH) in the presence of cement and water thereby strengthening the composite matrix. 
Figure 1a illustrates the scanning electron image of the sand which pictures the presence of a distribution of grains 
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of the sand (x500 magnification). Figure. 1b reflects the elemental composition of the sand pinpointing silicon as 
the predominant element confirming the result of the chemical composition of silica (Table 2). 

 
Table 1. Physical properties of input materials 

Property Material values 
Milled glass Cement Sand 

Specific gravity 2.71 3.12 2.59 
Density, g/cc 1.62 3.08 1.38 
Fineness modulus 2.11 1.22 2.57 
Water intake tendency (%) 0.12  - 1.9  
Consistency (%) - 28 - 
 

Table 2: Chemical properties of milled glass and Ordinary Portland Cement 
Compound Content in Milled glass 

(wt.%) 
Content in Cement 

(wt.%) 
Content in Sand 

(wt.%) 
CaO 5.32 62.7 1.3 
SiO2 73.41 19.4 78.8 

Al2O3 3.52 5.7 8.4 
Fe2O3 0.71 1.2 2.3 
MgO 1.64 2 0.2 
Na2O 12.52 0.8 3.3 
K2O 0.22 0.3 3.0 
SO3 0.16 1.0 2.7 

Others 2.50   
Bogue’s Compound  

 C3S 52.8  
 C2S 17.5  
 C3A 11.2  
 C4AF 7.6  

 

 
Figure 1. Properties of sand (a) morphological features (b) elemental composition 

 
2.2 Sample preparation  

Natural sand excavated from a riverbank was packed in a container and transported to the laboratory. Water 
was added to the sand, stirred manually and the mixture was allowed to settle for 24 hours. Afterward, the supernate 
was poured away and the process repeated two more times for the removal of impurities. The leftover sand was 
spread in the open and allowed to dry after which collected sand was oven-dried at 110 °C for 24 hours. Waste 
sawdust (wood fiber) was collected from a sawmill in Akure, Nigeria and soaked in water maintained at 40 °C for 
24 hours to dissolve impurities and sugar content. The supernate was poured off and the process repeated two more 
times. The wood fiber was then spread in the open and allowed to dry after which they were transferred into an 
autoclave maintained at 100 °C and 5 bar pressure for 20 min. The dried wood fiber was mixed with cement, sand 
and water according to the mix proportion stipulated in Table 3. Mixing was carried out at room temperature (27 
± 2 °C) at a water-cement ratio of 0.52. Slump test and setting time test (in line with [51, 52] and [46, 53], 
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respectively) were carried out at varying mix proportions to evaluate the effect of MG on the workability of the 
concrete mix. The mix was transferred into prism moulds of size 400 x 100 x 100 mm and 190 x 90 x 90 mm in 
dimension, cube mould of 100 mm and cylindrical mould of diameter 100 mm and height 200 mm (Figure 2). 
Vibratory compaction was utilized in compacting the mix at 500 vibrations/min. Samples were demolded after 24 
hours and cured for 7, 14, and 28 days by air curing method. At an interval of 24 hours, water was sprayed on the 
samples in the open air to maintain humidity. Cured samples were tested and results evaluated. 

 

 
Figure 2. Scheme for wood fiber-sandcrete bricks preparation 

 
Table 3. Mix proportion of bricks 

Mix Milled glass 
(wt. %) 

Cement (wt. 
%) 

Wood fiber 
(wt. %) 

Sand (wt. 
%) 

Mix-0 0 20 5 75 
Mix-1 5 20 5 70 
Mix-2 10 20 5 65 
Mix-3 15 20 5 60 
Mix-4 20 20 5 55 
Mix-5 25 20 5 50 

 
2.3 Test methods 

Porosity, water absorption and dry density were assessed on concrete samples of dimension 190 x 90 x 90 mm 
and carried out after curing days of 7, 14, and 28 as stipulated in [54]. Samples were oven-dried at 110 °C for 12 
hours after which they were weighed (M1). Sequel to this, the samples were immersed and soaked in water for 24 
hours; soaked mass in air was recorded to be M2 while soaked mass when suspended in water was measured as 
M3. The properties were evaluated applying equations 1, 2, 3. Evaluation of thermal properties entailed test for 
thermal conductivity employing hot plate method in line with [55] and specific heat capacity using flow meter 
apparatus [56]. Compressive strength was carried out on sets of cubes (100 mm) samples in line with ASTM C 39 
2016 using a universal testing machine (Instron 3369 Series) at 2000 N/s. Flexural strength test was conducted on 
samples of dimension 400 x 100 x 100 mm as per [57] under 3-point loading test. Cylindrical samples produced 
were utilized in evaluating split tensile strength according to [58] using the testing machine.  

 
Dry density = M1/(M2-M3)                                       (1) 

Porosity = (M2-M1)/(M2-M3)                                            (2) 

Water absorption = (M2-M1)/(M1)                                                            (3) 
  

3. Results and discussion 
 
3.1 Setting time and slump variation with varying milled glass content 

Initial and final setting time for the mortar mix at increasing MG proportion reflected an upward trend as 
depicted in Figure 3a, which is attributable to a longer time of setting owing to the larger surface area as MG 
portion increased. Glass particles have very low water absorption tendency, therefore require more time for water 
to permeate the particles for chemical reaction to be initiated.  
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The slump in this study was reduced from 119 mm obtained at 0 wt.% milled glass addition to 65 mm obtainable 
on account of 25 wt.% MG addition as shown in Figure 3b. As MG proportion increased, the surface area increased 
and by extension, volume, requiring more water for mixing. Also linked to poor cohesion existing between MG 
particles and cement. Since water content for mix remains constant, a higher proportion of MG lowers workability. 
Slump in [59–61] demonstrated depreciation and downward trend as glass powder increased in proportion; 
buttressing observations in this study. Relationship between slump and MG portion is illustrated as inversely linear 
with coefficient of determination of 0.9847 depicting a significant effect of MG on slump (Figure 3b). 

 

 
Figure 3. Variation in (a) setting time and (b) slump as milled glass proportion increased in the mix 

 
3.2 Properties of bricks 
 
3.2.1 Total porosity 

It can be observed from Figure 4a that the porosity of the sandcrete bricks reduced with increased proportions 
of MG. Porosity relates to a void fraction within a material; in this case sandcrete bricks. Porosity plays role in 
determining the properties and durability performance of bricks; in fact, previous studies linked the strength of 
cementitious composites to porosity [62–64]. Pores are sites for entrapped air, water and gas (O2 and CO2) 
ingression into concrete bricks which in turn affects durability. [65–67] claimed and affirmed that high porosity in 
concrete reduces durability in concrete, due to the high diffusivity of gases and moisture transmission within the 
structure. Therefore, the reduction of pores in sandcrete bricks is expedient. As observed in Fig. 4a, porosity is 
reduced with milled glass loading. MG sieved to -150 µm serve as filler, filling in voids within the brick samples. 
The fineness of the MG initiates a higher surface area for pozzolanic reaction. As these MG increased, accretion 
in the pozzolanic reaction is engendered, the outcome of which produces C-S-H gel [68]. The gel further filled up 
pores leading to a reduction of porosity.  

Porosity was also noted to diminish with lengthened curing days. This trend can be associated with increased 
hydrates formed over the curing days owing to hydration reaction. It can be inferred that increased MG loading 
and curing period provoke depreciation in porosity. 28-day curing arose 8.4, 10.9, 12.4, 13.2 and 14.8% reduction 
for 5, 10, 15, 20 and 25 wt.% MG content, respectively over the control mix. Investigations carried out in [69, 70] 
affirm the results presented in this study, in which porosity reduced with curing ages. Palankar et al. [71] stipulates 
< 30% for porosity and it can be noted that all samples had below 30% value hence fit for masonry purposes.  

 

 
Figure 4. Influence of milled glass proportion and curing period on (a) porosity (b) water absorption 
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3.2.2 Water absorption by immersion 
Though wood fiber presence within the matrix may kind of initiate some setbacks in terms of water uptake since 

the fibers are cellulose-based, hence hydrophilic. Been that as it may, MG presence and curing age duration 
presented a very good reduction in water absorption tendencies within the bricks as shown in Figure 4b. Similar 
to the experience of the outcome on porosity, water absorption (WA) trended downwards both at MG loading and 
lengthened curing days, affirming a direct link between the two parameters as buttressed in [72]. Increased MG 
particles prompted void reduction via infilling process effectuating less water intake. Another assisting factor in 
water absorption reduction is less water uptake tendencies of glass powder [73]. 28-day curing spawned 6.7, 13.3, 
18.6, 22.2 and 22.2% reduction for 5, 10, 15, 20 and 25 wt.% MG content, respectively in comparison with the 
control mix. In effect, the inclusion of MG at the increasing proportion of 5 to 25 wt.% ensued minimization of 
water uptake potential in wood fiber sandcrete bricks. Curing duration is an effective variable in achieving the 
results. 

Studies carried out in [74] depicted a reduction in water intake as glass powder content increased from 5 wt.% 
up to 25 wt.%. Similar to observation recorded in this study, the addition of waste glass at varying proportions of 
0, 5, 10, 15, 20, 25 and 30 wt.% in sawdust cement brick reported in 74 presented progressive reduction in water 
absorption tendencies. Up to 22% reduction (relative to the value obtained for control brick) in water absorption 
capacity was achieved with the inclusion of 30 wt.% waste glass powder [75]. However, this study is contrary to 
[76] in which the addition of waste glass culminated into an upswing in water intake capacity.  
 
3.2.3 Dry density 

With increasing milled glass dosage, density appreciated progressively (Figure 5a). This is attributable to the 
heavier weight of the milled glass. Another reason for the boast in density can be ascribed to accretion in MG 
loading effectuating enhanced packing within the matrix. Due to the infilling of pores, there is enhanced packing 
density instigating an increase in dry density. 76 utilized glass powder in cementitious material at 0, 5, 10, 15, 20, 
and 25 % weight fraction and observed similar trend. 

Evaluation made showed ascension in dry density as waste glass proportion rose. 3.4% density enhancement 
was reported in the study on incorporation of 25 wt.% waste glass. A similar study in [75] followed the same trend 
with increasing waste glass. The presence of the waste glass in sawdust cement brick instigated a gradual rise in 
density from 5 wt.% up to 30 wt.% waste glass at 5 wt.% interval. On the contrary, results presented in this study 
negates observation made in 37 where a downward trend in density was reported with glass powder loading which 
was found to be lighter than granite sand used unlike in this study where milled glass is heavier than sand used.   

Figure 5b also revealed an uptrend in density with the curing period. Lengthened curing period initiates the 
formation of more hydrate phases which filled in pores, enhancing densification. The findings showcased in [77] 
agree with the rise in density discovered in this study. MG loading of 5, 10, 15, 20 and 25 wt.% amounted to 
density enhancement of 2.3 (insignificant, showing that 5% MG has an insignificant contribution on density of the 
composite), 5.2, 10.5, 14.5 and 17.4% over control sample at the end of 28 days curing, indicating the efficacy of 
milled glass in densification in wood fiber sandcrete bricks. In line with [78], density values of 28th day cured 
bricks lying between 1.75 to 2 g/cm3 are medium weight bricks, therefore, bricks doped with 0 to 15 wt.% MG are 
medium bricks. Density above 2 g/cm3 are classed as normal weight bricks; to that effect, wood fiber sandcrete 
bricks mixed with 20 and 25 wt.% MG are classed normal weight bricks.  

 

 
Figure 5. Influence of milled glass proportion and curing period on (a) dry density (b) thermal conductivity 
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3.2.4 Thermal conductivity 
Thermal conductivity refers to heat energy transfer within a medium from one end of the medium to the other 

end. Insulating masonry bricks are of importance nowadays owing to the effect of climate change causing large 
heat exposure in buildings and structures. Improving thermal insulation in bricks is an area of research in structural 
material development. As observed in Figure 5b, thermal conductivity trended upward as MG content increased. 
This can be linked to reduced porosity with milled glass addition. Depreciation in porosity and voids amounted to 
the reduced inter-particle distance which begets enhanced cohesion and inter-particle interaction. Therefore, under 
thermal excitation, particles easily transfer energy from one to another. Also, the thermal conductivity of waste 
glass is higher when compared with other material input which made up the brick, delineating a reason for 
appreciation in thermal conductivity at increasing MG loading. Likewise, a higher curing period ensued a gradual 
rise in conductivity based on enhanced packing, [79] shown the relationship between thermal conductivity and 
bulk density. It was presented that the thermal conductivity of bricks; was boasted with an upswing in bulk density. 
Such a relationship is showcased in the present study (Figure 5b) as thermal conductivity trended upward with an 
increment in bulk density.  

As analyzed in [80] bulk density has an inverse relationship with porosity; the same observation is repeated in 
this study (Figure 5b). Infusion of 5, 10 and 15 wt. % MG showed a marginal rise in thermal conductivity under 
7, and 14 days. A significant increase was observed when 20 and 25 wt. % MG was incorporated in the bricks. 
Incorporation of 5, 10 and 15 wt.% MG had a significant effect on the property at 28 days curing offering 5.5, 8.9, 
13.4, 18.9 and 23.4% enhancement in the property. Results in [81] which agrees with the outcome of this study 
presented 27 and 57.5% rise in thermal conductivity at 25 wt.% and 50 wt.% waste porcelain inclusion respectively 
for concrete samples cured for 60 days.  At 25 wt.% MG under curing age of 56 days, 29.5% increment was 
observed with wood fiber-concrete bricks sample, a value close to ones realized in [81].  Conversely, reports of 
[82, 83] depicted a gradual reduction in thermal conductivity as waste glass proportion increased in the concrete 
mix. Krastev [84] dictated ≤1 W/m2K requirement for standard bricks for the public building of which all brick 
samples produced met the requirement. 

 
3.2.5 Specific heat capacity 

Specific heat capacity is the quantity of heat needed to raise the temperature of a unit mass of a substance by 1 
K [85]. A higher heat capacity coefficient is necessary for insulating bricks. A study carried out in [83] presented 
increasing specific heat capacity of concrete with an increasing proportion of fly ash. Specific heat capacity 
remained constant for control brick (0 wt.% MG) cured for 7 and 14 days. Addition of 5, 10, wt.% MG brought 
no significant change in the value (Figure 6a), howbeit, incorporation of 15, 20 and 25 wt.% MG resulted in a 
progressive reduction in the property value under 14 days. It is observed that between 7 and 14 days there was a 
marginal reduction in specific heat. Under 28 days, there was a significant reduction in specific heat capacity as 5, 
10, 15, 20 and 25 wt.% MG led to 7.7, 8.0, 8.0, 16.6 and 21.7% reduction, respectively. To maintain high specific 
heat capacity needed for masonry bricks, MG proportion between 0 and 15 wt.% seems to suffice. Results of He 
et al. [86] tallies with observations noted in this study as specific heat capacity reduced with increasing additives. 
25 wt.% of ground rubber gave a 30% reduction in 28-day specific heat. 

 

 
Figure 6. Influence of milled glass proportion and curing period on (a) specific heat capacity (b) compressive 
strength 
 
3.2.6 Compressive strength 

One important mechanical property which affects the performance of bricks is compressive strength. This 
property is affected by compaction and porosity. Higher compaction impels enhanced densification giving rise to 
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lower porosity. In effect, compressive strength is improved. Figure 6b reveals improvement in compressive 
strength as MG content increased from 5 to 25 wt.% for all curing days. Glass powder inclusion in the sandcrete 
bricks at 5, 10, 15, 20 and 25 wt.%, respectively showed 11.9, 17.6, 26.9, 32.4 and 35.8% improvement in 
compressive strength relative to control mix over 28 days, buttressed in Sakale et al. [87]. Comparably, a study by 
Rajaiah et al. [88] presents an upswing in compressive strength from 0 to 20 wt.% glass powder input. Sandcrete 
brick samples were cured for 7, 14 and 28 days and it was revealed that the compressive strength appreciated to 
28.25, 39.42 and 43.80 MPa, respectively effectuating enhancement of 24.5, 24.6 and 24.6% over the control 
bricks respectively.  

In the present investigation, at 28th day curing, 25 wt.% milled glass powder brought about 48.3% improvement 
in strength over values obtained when cured for 7 days. This showcased importance of curing on strength boost. 
Utilization of waste glass (size between 150 and 75 µm) as partial replacement of cement and sand in Eme and 
Nwaobakata [89] exhibited an improvement of 42.2% boast in 28th day-compressive strength compared with 7-
day strength on the incorporation of 20 wt.% waste glass powder. There was 24.3 and 41.2% increase in strength 
under 7 and 28 days respectively. Maximum 7 and 28-day cube compressive strength are 8.8 and 12.1 MPa. Fig. 
7b pinpoints rise in compressive strength with concrete ages relative to control brick further affirmed in [67, 90, 
91].  

Curing promotes the hydration process accumulating hydrates within the matrix which enhances bond strength 
thereby precipitating strength improvement. Further studies [92–94] affirms the influence of curing in enhancing 
strength. In line with [95–98] all samples cured for 28 days met the standard for masonry bricks. 

 
3.2.7 Flexural strength 

Flexural strength as indicated in Figure 7a increased with consecutive MG dose up to 15 wt.% attributable to 
enhanced bond strength based on pozzolanic reaction. Flexural strength increased with curing ages on the dint of 
strong bond between matrix and additives from 5 to 20 wt.% for all curing days of 7, and 5 to 15 wt.% for 14 and 
28 days similar to the outcome of 93, 99. It was further revealed that MG dosage beyond 20 wt.% for days 7 and 
15 wt.% for days 14 and 28 kindled progressive reduction in strength. This observation is attributed to the hardened 
matrix as the hardened matrix reduces bending resistance in bricks [99, 100]. Also linked to the incohesive nature 
of the particles lowering resultant resistance to bending stress by the matrix. Investigations in [94, 101] revealed 
an increase in flexural strength up to 15 wt.% waste glass before the decline at a further rise in waste glass presence. 
Going by [98] requirement of ≥ 0.65 MPa and [102], the value of ≥ 0.25 MPa for masonry bricks, all samples met 
the requirement. 
 

 
Figure 7. Influence of milled glass proportion and curing period on (a) flexural strength (b) Splitting tensile 
strength 
 
3.2.8 Splitting tensile strength 

Response of cylindrical samples of glass-reinforced wood fiber sandcrete bricks to split tensile test is as 
reflected in Figure 7b. Similar to observations elucidated in [103], splitting tensile appreciated up to 15 wt.% MG 
presence under each curing age and reduced on the incorporation of 20 and 25 wt.% MG. Incorporation of 15 wt.% 
resulted in 9.4% and 19% enhancement under 7 and 28 days split tensile strength respectively in 103. In this study, 
15 wt.% improved splitting tensile by 7.6, 10.8% and 13.8% under 7, 14 and 28 days accordingly as compared 
with values of control bricks under same days. Inclusion of 20 and 25 wt.% presented a progressive decrease in 
strength when compared with values obtained on in the mix of 15 wt.% MG, which may be as a result of in-
cohesiveness of wood fiber particles within the matrix and possible segregation.  
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Comparable research conducted by [104] demonstrated 13% rise in split tensile at 10 wt.% glass powder 
addition relative to control (0 wt.%) similar to the outcome present in this investigation. Furthermore, 20, 30 and 
40 wt.% glass powder resulted in 5%, 13% and 20% respective reduction in the strength value in contrast to the 
peak strength value of specimen containing 10 wt.% glass powder. The present study showcased strength 
reductions of 4.5 and 11 % relative to the value of 15 wt.% under 7 days respectively for 20 and 25 wt.% MG, 5.7 
and 15.3% reduction as in the case of 14 days for 20 and 25 wt.% MG, respectively.  In the case of 28 days, 
infusion of 15 and 20 wt.% MG amounted to 9.4 and 19.0% reduction. Progressive enhancement in strength 
associated with consecutive addition of 5, 10 and 15 wt.% MG can be associated with the enhanced bond strength 
and within matrix while reduction exhibited on account of 20 and 25 wt.% inclusion for all curing ages is linked 
to brittleness within the matrix under hardening and possible segregation caused by incohesive wood fiber particles. 
Other reasons may be on the dint of possible crack formation and increased residual strength induced. 
 

Table 4. ANOVA Result 
Source DF Adj SS Adj MS F-Value P-Value 

Porosity 
Model 4 349.924 87.481 247.99 0.000 
Linear 2 338.996 169.498 480.49 0.000 

Milled Glass 1 136.002 136.002 385.54 0.000 
Curing Age 1 202.993 202.993 575.45 0.000 

Water absorption 
Model 5 354.753 70.951 118.65 0.000 
Linear 2 320.279 160.140 267.81 0.000 

Milled Glass 1 96.952 96.952 162.14 0.000 
Curing Age 1 223.328 223.328 373.48 0.000 

Dry density 
Model 5 0.131542 0.026308 668.97 0.000 
Linear 2 0.109773 0.054887 1395.66 0.000 

Milled Glass 1 0.059731 0.059731 1518.85 0.000 
Curing Age 1 0.050042 0.050042 1272.46 0.000 

Thermal conductivity 
Model 5 0.276205 0.055241 73.02 0.000 
Linear 2 0.252609 0.126305 166.96 0.000 

Milled Glass 1 0.120331 0.120331 159.06 0.000 
Curing Age 1 0.132278 0.132278 174.85 0.000 

Specific heat capacity 
Model 5 0.240478 0.048096 138.15 0.000 
Linear 2 0.219150 0.109575 314.74 0.000 

Milled Glass 1 0.141422 0.141422 406.22 0.000 
Curing Age 1 0.077728 0.077728 223.27 0.000 

Flexural strength 
Model 5 4.3687 0.87375 72.18 0.000 
Linear 2 1.5379 0.76897 63.52 0.000 

Milled Glass 1 1.2140 1.21404 100.29 0.000 
Curing Age 1 0.3239 0.32391 26.76 0.000 

Compressive strength 
Model 5 71.5543 14.3109 347.50 0.000 
Linear 2 59.2156 29.6078 718.95 0.000 

Milled Glass 1 25.9652 25.9652 630.50 0.000 
Curing Age 1 33.2504 33.2504 807.40 0.000 

Split tensile strength 
Model 5 0.143982 0.028796 42.31 0.000 
Linear 2 0.030883 0.015441 22.69 0.000 

Milled Glass 1 0.027585 0.027585 40.53 0.000 
Curing Age 1 0.003298 0.003298 4.85 0.036 

 
3.3 Statistical analysis 

 Table 4 illustrates ANOVA results of porosity, water absorption, dry shrinkage, dry density, thermal 
conductivity, specific heat capacity, flexural, compressive and split tensile strengths.  Two major factors 
considered are milled glass proportion and curing age. Table 4 presents a p-value of < 0.05 for all models of the 
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properties considered, depicting the significance of the model of each property. Similarly, the p-value for milled 
glass and curing age factors at 95% confidence level for each of the properties is significant (since p-value < 0.05). 
Therefore, milled glass and curing age significantly affected the experimental results of the property of the 
sandcrete bricks.   

The idea behind F-test is that higher f-value highlights the significant effect of the factors on the outcome of 
results. In that case, as for properties like porosity, water absorption, dry shrinkage, thermal conductivity and 
compressive strength, curing age shows the higher impact on the properties (with the highest impact on 
compressive strength) over MG proportion while in the case of dry density, specific heat capacity, thermal 
diffusivity, flexural strength and split tensile strength, MG proportion has higher influence with the highest 
influence on dry density. 

 
3.4 Morphological analysis 

The microstructure of the samples examined based on varying mix proportions of MG can be represented in 
Figure 8. As represented in the images, wood fiber can be identified in the sand matrix. Figure 8a reveals the 
microstructure of control brick (0 wt.% MG) with a lower volume of C-S-H phases as compared with the 
counterpart which contained milled glass. Fig. 8 b, c, d, e and f pictures the morphology of the samples containing 
5, 10, 15, and 20 wt.% MG. The presence of this milled glass promoted more C-S-H phases in the structure, which 
pinpoint the fact that there was a pozzolanic reaction within the matrix (since they all contained the same 
proportion of cement). A higher proportion of this milled glass evoked more C-S-H phases in the structure 
depicting the fact that more MG proportion promoted increased C-S-H phases. The consequence of the feat 
amounted to improved properties of wood fiber-concrete bricks leading to reduced porosity and water absorption, 
enhanced densification, rise in thermal conductivity and lessening of heat capacity. Strength-wise, there was an 
overall enhancement of compressive, flexural and split tensile strengths.   
 

 
Figure 8. Microstructural images of 28 days cured samples containing (a) 0 wt.% MG (b) 5 wt.% MG (c) 
10 wt.% MG (d) 15 wt.% MG (e) 20 wt.% MG (f) 25 wt.% MG 
 

Figure 9 presents morphological images of selected samples by high magnification fluorescence microscope. 
The images based on high magnification reflect the internal structure at x2000 magnification. As observed in the 
images, the presence of unreactive glass particles which were could not partake in the pozzolanic reaction. These 
particles fill or cover micro pores thereby reducing porosity consequent of which evoked reduction in water 
absorption. Owing to lower porosity, thermal conductivity is slightly enhanced through the presence of wood fiber 
eventually compliments. With increasing MG replacement of cement, more unreactive glass particles are noted 
filling up pores. Another feature observed is wood fiber clearly pictured; as it is present in all samples. The in-
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cohesiveness of the fibers makes it look as if it is dispersed with the matrix. It is observed that hydrate phases are 
identified in the matrix binding the sand matrix with other components.  
 

 
Figure 9. High magnification (x2000) fluorescence microstructural images of 28 days cured samples 
containing (a) 0 wt.% MG (b) 5 wt.% MG (c) 10 wt.% MG (d) 15 wt.% MG (e) 20 wt.% MG (f) 25 wt.% 
MG 

 
4. Conclusion 

 
In this study, milled glass proportion of 0, 5, 10, 15, 20 and 25 wt.% and 5% fixed proportion of wood fiber 

was mixed with cement and sand in the production of low thermal capacity bricks. From the results obtained the 
following deduction are made: 

1) MG addition reduced porosity and water absorption across all curing ages.  
2) The specific heat capacity was constant within the first 14 days for all proportions of MG, while the 28th day 

period led to a decrease in the value.  
3) MG addition led to enhancement of density, thermal conductivity and compressive strength. 
4) Curing ages enhanced flexural and splitting tensile strength while optimum values were realized on the 

infusion of 15 wt.% MG proportion for both properties.  
The study, therefore, concludes that the addition of milled glass and wood fiber positively and significantly 

affected the properties of sandcrete bricks. 15 wt.% of milled glass and 5% wood fiber inclusion in sandcrete bricks 
are recommended for use by construction practitioners. 
 
5. References  

 
[1] Kamarou M, Korob N, Romanovski V. Structurally Controlled Synthesis of Synthetic Gypsum derived from 

Industrial Wastes: Sustainable Approach. Journal of Chemical Technology and Biotechnology. 2021;96(11): 
3134-3141.  

[2] Kamarou M, Kuzmenkov M, Korob N, Kwapinski W, Romanovski V. Structurally controlled synthesis of 
calcium sulphate dihydrate from industrial wastes of spent sulphuric acid and limestone. Environmental 
Technology & Innovation.  2020:17, 100582.  

[3] Kamarou M, Korob N, Hil A, Moskovskikh D, Romanovski V. Low-energy technology for producing 
anhydrite in the CaCO3 – H2SO4 – H2O system derived from industrial wastes. Journal of Chemical 
Technology and Biotechnology.  2021;96(7):2065–2071.  

[4] Kamarou M, Korob N, Kwapinski W, Romanovski V. High-quality gypsum binders based on synthetic 
calcium sulfate dihydrate produced from industrial wastes. Journal of Industrial and Engineering Chemistry.  
2021;100:324–332.  

50

A. A. Akinwande et al. Journal of Civil Engineering and Construction 2023;12(1):40-54



[5] Danso H, Martinson B, Ali M, Mant C. Performance characteristics of enhanced soil blocks: a quantitative 
review. Building Research & Information. 2015;43(2):253-262. 

[6] Danso H, Adu S. Characterization of compressed earth blocks stabilized with clay pozzolana. Journal of Civil 
and Environmental Engineering. 2019; 9(1):1-6. 

[7] Danso H, Martinson DB, Ali M, Williams J. Effect of fibre aspect ratio on mechanical properties of soil 
building blocks. Construction and Building Materials. 2015;83:314–319. 

[8] Shafigh P, Mahmud HB, Jumaat MZ, Zargar M. Agricultural wastes as aggregate in concrete mixtures–A 
review. Construction and Building Materials.  2014;53:110-117. 

[9] Prusty JK, Patro SK, Basarkar SS. Concrete using agro-waste as fine aggregate for sustainable built 
environment – A review. International Journal of Sustainable Built Environment. 2016;5(2):312-333. 

[10] Danso H, Martinson DB, Ali M, Williams J. Physical, mechanical and durability properties of soil building 
blocks reinforced with natural fibres. Construction and Building Materials. 2015;101:797-809. 

[11] Jongpradist P, Homtragoon W, Sukkarak R, Kongkitkul W, Jamsawang P. Efficiency of rice husk ash as 
cementitious material in high-strength cement-admixed clay. Advances in Civil Engineering. 2018;1-11.  

[12] Utsev JT, Tak JK. Coconut shell ash as partial replacement of ordinary Portland cement in concrete 
production. International Journal of Scientific and Technology Research. 2012;1(8):86-89. 

[13] Yerramala A. Properties of concrete with eggshell powder as cement replacement. The Indian Concrete 
Journal. 2014;88(10):94-105. 

[14] Azunna SU. Compressive strength of concrete with palm kernel shell as a partial replacement for coarse 
aggregate. SN Applied Sciences. 2019;1(4):1-10. 

[15] Danso H, Martinson DB, Ali M, Williams JB. Mechanisms by which the inclusion of natural fibres enhance 
the properties of soil blocks for construction. Journal of Composite Materials. 2017;51(27):3835-3845. 

[16] Danso H, Manu D. Influence of coconut fibres and lime on the properties of soil-cement mortar. Case Studies 
in Construction Materials. 2020;12:1-12. 

[17] Akinwande AA, Adediran AA, Balogun OA, Bello O, Barnabas A, Balogun OP, Adesina OS. Research paper 
evaluation of the influence of waste glass powder (WGP) on the thermo-mechanical performance of fired 
ceramics. Acta Metallurgica Slovaca. 2020;26(3):84-94. 

[18] Adediran AA, Balogun OA, Akinwande AA, Adesina OS, Bello OS. Influence of Waste Glass and Particulate 
Coconut Shells as Reinforcement Materials in the Production of Masonry Bricks. Journal of Materials in Civil 
Engineering.  2021;33(10):1-12. 

[19] Balogun OA, Akinwande AA, Adediran AA, Ikubanni PP, Shittu SA, Adesina OS. Experimental Study on 
the Properties of Fired Sand–Clay Ceramic Products for Masonry Applications. Journal of Materials in Civil 
Engineering. 2021;33(2), 1-12. 

[20] Adediran AA, Akinwande AA, Balogun AO, Adesina OS, Olayanju TMA. Experimental study on the 
mechanical behaviour of fired sand-clay and glass powder-claybricks. Acta Metallurgica Slovaca. 
2021;27(1):4-10. 

[21] Setina J, Gabrene A, Juhnevica I. Effect of pozzolanic additives on structure and chemical durability of 
concrete. Procedia Engineering. 2013;57:1005-1012. 

[22] Rahma A, Jomaa H. Modeling the cementitious effect of the Pozzolana on the compressive strength of 
concrete. Cogent Engineering. 2018;5(1):1548002. 

[23] López M, Castro JT. Effect of natural pozzolans on porosity and pore connectivity of concrete with time. 
Revista Ingeniería de Construcción. 2011;25(3): 419-432. 

[24] Adewale AA, Patrick DT. Fired ceramic bricks for housing construction: compliance to cost ratio (C-CR) 
analysis. Annals of the Faculty of Engineering Hunedoara. 2020;18(2): 91-97. 

[25] Folorunso DO, Akinwande A.A. Applications of Compliance to Cost Ratio (C-CR) Analysis in the 
Determination of Optimum Mix of Insulating Bricks in Masonry. Journal of Minerals and Materials 
Characterization and Engineering. 2021;9(2):134-147. 

[26] Awang H, Mydin MAO, Roslan AF. Effect of additives on mechanical and thermal properties of lightweight 
foamed concrete. Advances in applied science research. 2012;3(5):3326-3338. 

[27] Ashour T, Korjenic A, Korjenic S, Wu W. Thermal conductivity of unfired earth bricks reinforced by 
agricultural wastes with cement and gypsum. Energy and Buildings. 2015;104:139-146. 

[28] Oluyamo SS, Bello OR. Particle sizes and thermal insulation properties of some selected wood materials for 
solar device applications. IOSR-JAP. 2014;6(2): 54-58. 

[29] Yun TS, Jeong YJ, Youm KS. Effect of surrogate aggregates on the thermal conductivity of concrete at 
ambient and elevated temperatures. The Scientific World Journal. 2014:1-9. 

[30] Hafed SA. Study of thermal insulation and some mechanical properties for hybrid composites (cement–wood 
sawdust). International Journal of Computation and Applied Sciences. 2017;3(2):212-216. 

[31] AbdulAmeer O. Assessment the thermal properties lightweight concreteproduced by using local industrial 
waste materials. In MATEC Web of Conferences. EDP Sciences. 2018. 

51

A. A. Akinwande et al. Journal of Civil Engineering and Construction 2023;12(1):40-54



[32] Abdullahi A, Abubakar M, Afolayan A. Partial Replacement of Sand with Saw Dust in Concrete Production. 
In Bienniel Engineering Conference, Federal University of Technology, Minna. 2013. 

[33] Oyedepo OJ, Oluwajana SD, Akande SP. Investigation of properties of concrete using sawdust as partial 
replacement for sand. Civil and Environmental Research. 2014;6(2):35-42. 

[34] Awal ASMA, Mariyana A, Hossain M. Some aspects of physical and mechanical properties of sawdust 
concrete. International Journal of GEOMATE. 2016;10(21):1918-1923. 

[35] Najad AAJ, Kareem JH, Azline N, Ostovar N. Waste glass as partial replacement in cement–A review. In 
IOP Conference Series: Earth and Environmental Science. IOP Publishing. November, 2019.  

[36] Abdelli HE, Mokrani L, Kennouche S, de Aguiar JB. Utilization of waste glass in the improvement of 
concrete performance: A mini review. Waste Management & Research. 2020;38(11):1204-1213. 

[37] Małek M, Łasica W, Jackowski M, Kadela M. Effect of waste glass addition as a replacement for fine 
aggregate on properties of mortar. Materials. 2020;13(14):1-19. 

[38] Malik MI, Bashir M, Ahmad S, Tariq T, Chowdhary U. Study of concrete involving use of waste glass as 
partial replacement of fine aggregates. IOSR Journal of Engineering. 2013;3(7):8-13. 

[39] Ibrahim KIM. The effect of using Waste Glass [WG] as partial replacement of sand on concrete. Journal of 
Mechanical and Civil Engineering. 2017;14:41-45. 

[40] ASTM D5965-02. Standard Test Methods for Specific Gravity of Coating Powders. ASTM International. 
West Conshohocken, PA. 2002. 

[41] IS 8112:2013. Ordinary Portland Cement 43 Grade Specification. Indian Standard, Burea of India Standards. 
2013. 

[42] GB 175-2007. Common Portland Cements. Specification. Code of China, TransForyou. 2007. 
[43] ASTM C188-17. Standard Test Method for Density of Hydralic Cement. ASTM International, West 

Conshohocken, PA. 2017.  
[44] ASTM C430-17. Standard Test Method for Fineness of Hydraulic Cement by the 45-m (No. 325) Seive.  

ASTM International, West Conshohocken, PA. 2017.  
[45] ASTM C403/C403M-16. Standard Test Method for Time of Setting of Concrete Mixtures by Penetration 

Resistance. ASTM International, West Conshohocken, PA. 2016.  
[46] ASTM C187-11/C0187-11. Standard Test Method for Normal Consistency of Hydraulic Cement. ASTM 

International, West Conshohocken, PA. 2011.  
[47] ASTM C114-18. Standard Test Methods for Chemical Analysis of Hydraulic Cement”, ASTM International, 

West Conshohocken, PA. 2018.  
[48] ASTM 778-17. Standard Specification for Standard Sand, ASTM International, West Conshohocken, PA. 

2017.  
[49] Omoniyi TE, Akinyemi BA, Fowowe AO. Effects of waste glass powder as pozzolanic material in saw dust 

cement brick. Scholars Journal of Engineering and Technology. 2014;2(4A):517-522. 
[50] ASTM C 143. Standard Test for slump of Hydralic Cement Content. ASTM International, West 

Conshohocken, PA. 2002.  
[51] BS 12350. Testing of Fresh Concrete, Sampling and Common Apparatus. British Standard Group. 2019.  
[52] IS 8142-1976. Method of Test for Determining Setting Time of Concrete by Penetration Resistance. Indian 

Standard Group, New Delhi, India. 1976.  
[53] ASTM C1585-20. Standard Test Method for Measurement of Rate of Absorption of Water by Hydraulic-

Cement Concretes. ASTM International, West Conshohocken, PA. 2020.  
[54] ASTM C177. Standard Test Method for Steady-State Heat Flux Measurements and Thermal Transmission 

Properties by Means of the Guarded-Hot-Plate Apparatus. ASTM International, West Conshohocken, PA. 
2019.  

[55] ASTM C1784-13. Standard Test Method for Using a Heat Flow Meter Apparatus for Measuring Thermal 
Storage of Phase Change Materials and Products. ASTM International, West Conshohocken, PA. 2013.  

[56] B.E. 1-5. 2019. Testing Hardened Concrete, Flexural Strength of Test Specimen. British Standard Institution; 
European Norm. 2019.  

[57] ASTM C496/C496M-17. Standard Test Method for Splitting Tensile Strength of Cylindrical Concrete 
Specimens. ASTM International, West Conshohocken, PA. 2017.  

[58] O.M. Olofinnade, A.N. Ede, J.M. Ndambuki, Sustainable green environment through utilization of waste 
soda-lime glass for production of concrete. Journal of materials and Environmental Sciences. 2017;8(4): 
1139-1152.  

[59] Olofinnade OM, Ede AN, Ndambuki JM, Ngene BU, Akinwumi II, Ofuyatan O. Strength and microstructure 
of eco-concrete produced using waste glass as partial and complete replacement for sand. Cogent Engineering. 
2018;5(1):1483860.  

[60] Sharba A. Possibility of using waste glass powder and ceramic tile as an aggregate on the flexural behavior 
and strength properties. IMDC-SDSP 2020, June 28-30, 2020. 

52

A. A. Akinwande et al. Journal of Civil Engineering and Construction 2023;12(1):40-54



[61] Lian C, Zhuge Y, Beecham S. The relationship between porosity and strength for porous concrete. 
Construction and Building Materials. 2011;25(11):4294-4298. 

[62] Indelicato F. On the correlation between porosity and strength in high-alumina cement mortars. Materials and 
Structures. 1990;23(4):289-295.  

[63] Zhao H, Xiao Q, Huang D, Zhang S. Influence of pore structure on compressive strength of cement mortar. 
The Scientific World Journal. 2014:1-12.  

[64] Kim YY, Lee KM, Bang JW, Kwon SJ. Effect of W/C ratio on durability and porosity in cement mortar with 
constant cement amount. Advances in Materials Science and Engineering. 2014;1:1-11 

[65] Singh PR, Shah ND, Majumdar PK. Effect of density and porosity on the durability of flyash blended concrete. 
International Research Journal of Engineering and Technology. 2018;5(2):1396-1399.  

[66] Liu H, Luo G, Wei H, Yu H. Strength, permeability, and freeze-thaw durability of pervious concrete with 
different aggregate sizes, porosities, and water-binder ratios. Applied Sciences. 2018;8(8):1217.  

[67] Setina J, Gabrene A, Juhnevica I. Effect of pozzolanic additives on structure and chemical durability of 
concrete. Procedia Engineering. 2013;57:1005-1012.  

[68] Miloud B. Peameability and Porosity as an Essential Factor in the Long Term Durability of Steel Fibers 
Reinforced Concrete. In 11th International Conference on Durability of Building Materials and Components, 
Istanbul. 2008. 

[69] Khalil W. Al Obeidy N. Some properties of sustainable concrete containing two environmental wastes. In 
MATEC Web of Conferences. EDP Sciences. 2018.  

[70] BS. 3921. Specification for Masonry Clay Bricks. British Standard Institute. 1985.  
[71] Palankar N, Shankar AR, Mithun BM. Air-cured alkali activated binders for concrete pavements. 

International Journal of Pavement Research and Technology. 2015;8(4):289-294.  
[72] Letelier V, Henríquez-Jara BI, Manosalva M, Parodi C, Ortega JM. Use of waste glass as a replacement for 

raw materials in mortars with a lower environmental impact. Energies. 2019;12(10):1974.  
[73] Aliabdo AA, Elmoaty MA, Aboshama AY. Utilization of waste glass powder in the production of cement 

and concrete. Construction and Building Materials. 2016;124:866-877.  
[74] Sikora P, Augustyniak A, Cendrowski K, Horszczaruk E, Rucinska T, Nawrotek P, Mijowska E. 

Characterization of mechanical and bactericidal properties of cement mortars containing waste glass 
aggregate and nanomaterials. Materials. 2016;9(8):701.  

[75] Jubeh AI, Al Saffar DM, Tayeh BA. Effect of recycled glass powder on properties of cementitious materials 
contains styrene butadiene rubber. Arabian Journal of Geosciences. 2019;12(39):1-6.  

[76] Seghir NT, Mellas M, Sadowski Ł, Krolicka A, Żak A. The Effect of Curing Conditions on the Properties of 
Cement-Based Composites Blended with Waste Marble. Dust Jom. 2019;71(3):1002-1015.  

[77] IS 1725. Soil Based Blocks Used for General Building Construction: Classification. Burea of Indian 
Standards. 1982.  

[78] Berrehail T, Zemmouri N, Agoudjil B. Thermal conductivity of cement stabilized earth bricks reinforced with 
date palm fiber. In AIP Conference Proceedings. May, 2018. AIP Publishing LLC.  

[79] Kakaire J, Makokha GL, Mwanjalolo M, Mensah AK, Menya E. Effects of mulching on soil hydro-physical 
properties in Kibaale Sub-catchment, South Central Uganda. Applied Ecology and Environmental Sciences. 
2015;3(5):127-135. 

[80] Atapour H, Mortazavi A. The effect of grain size and cement content on index properties of weakly solidified 
artificial sandstones. Journal of Geophysics and Engineering. 2018;15(2):613-619.  

[81] Mahmoud MA, AL-Hathal A, Jawad MK, Mozahim BM. The effect of replaced recycled glass on thermal 
conductivity and compression properties of cement. In Journal of Physics: Conference Series. May, 2018. 
IOP Publishing.  

[82] Kunthe VD, Manavendra G, Sondur VM. Effect of Thermal Properties on Fly Ash Based Concrete. 
International Research Journal of Engineering and Technology. 2018;5(12):396-370.  

[83] GB 50189-2005. Requirement for Design Standard for Energy Efficiency of Public Building. China Standard 
Press. 2005.  

[84] Krastev RK. Measuring Heat Capacity. International Journal of Heat and Mass transfer. 2010;53(19-
20):3847-3854.  

[85] Ocholi A, Ejeh SP, Yinka SM. An investigation into the thermal performance of rubber-concrete. Academic 
Journal of Interdisciplinary Studies. 2014;3(5):29-35.  

[86] He ZH, Zhan PM, Du SG, Liu BJ, Yuan WB. Creep behavior of concrete containing glass powder. 
Composites Part B: Engineering. 2019;166:13-20.  

[87] Sakale R, Jain S, Singh S. Experimental investigation on strength of glass powder replacement by cement in 
concrete with different dosages. International Journal of Advanced Research in Computer Science and 
Software Engineering. 2015;5(12);386-390.  

53

A. A. Akinwande et al. Journal of Civil Engineering and Construction 2023;12(1):40-54



[88] Rajaiah S, Kumar AS, Shirisha T. Experimental Study on Use of Waste Glass Powder as Partial Replacement 
to cement and Sand in Concrete. International Journal of Innovative Research in Science, Engineering and 
Technology. 2016;5(12):21256-21261.  

[89] Eme DB, Nwaobakata C. Effects of powdered glass as an admixture in cement concrete block. Nigerian 
Journal of Technology. 2019;38(1):8-14.  

[90] Kou SC, Xing F. The effect of recycled glass powder and reject fly ash on the mechanical properties of fibre-
reinforced ultrahigh performance concrete. Advances in Materials Science and Engineering. 2012;1-10.  

[91] Rahman M, Nateriya R. Study of waste glass powder as pozzolanic material in concrete. International 
Research Journal of Engineering and Technology. 2015;2(4):1847-1850.  

[92] Ramasubramani R, Divya Vijay S. Replacement of Sand by Sheet Glass Powder in Concrete. International 
Journal of Civil Engineering and Concrete Structures. 2016;1(1):1-12.  

[93] Kou SC, Poon CS. Properties of self-compacting concrete prepared with recycled glass aggregate. Cement 
and Concrete Composites. 2009;31(2):107-113.  

[94] NBN EN 771-3+A1. Specification for masonry units - Part 3: Aggregate concrete masonry units (dense and 
lightweight aggregates). 2015.  

[95] EOS 2005/42. Standards for Solid Bricks and Hollow Blocks. Egyptian Organisation for Standardization and 
Quality. 2005.  

[96] ASTM C62-17. Standard Specification for Building Brick (Solid Masonry Unit Made from Clay Shale). 
ASTM International, West Conshohocken, PA. 2017.  

[97] BS 6073-1. Precast Concrete Masonry Units: Specification for Precast Concrete. British Standards Institution, 
2020.  

[98] Kumar V, Sood H. Effect of waste glass powder in concrete by partial replacement of cement. International 
Journal of Civil Engineering. 2017;4:13-22.  

[99] Kaur G, Singh SP, Kaushik SK. Flexural performance of fibrous concrete with cement additions. Proceedings 
of the Institution of Civil Engineers-Construction Materials. 2014;167(1):14-25.  

[100] Lalitha S, Alaguraj M, Divyapriya C. Experimental Study on Use of Waste Glass Powder as Partial 
Replacement to Cement in Concrete. International Journal of Engineering Sciences and Research Technology. 
2017;6(10):26-31.  

[101] NZS D 4298:1998. Engineering Design of Earth Buildings: Specifications. New Zealand Building 
Standards. 1998.  

[102] Sunil KVS, Lokesh JK. Experimental Investigation of Strength Properties of Concrete with Partial 
Replacement of Cement with Glass Powder and Fine Aggregate with Foundry Sand. International Research 
Jornal of Engineering and Technology. 2017;6(5):21459-21464.  

[103] Subramani T, Ram SS. Experimental Study on Concrete Using Cement with GlassPowder. IOSR Journal 
of Engineering. 2015;5(5):43-53.  

[104] ASTM C787/C786M-17. Standard Test Method for Hydralic Cement and Raw Materials by Wet Methods. 
ASTM International, West Conshohocken, PA. 2017.  

 
 

© 2023 by the author(s). This work is licensed under a Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/). Authors retain copyright 
of their work, with first publication rights granted to Tech Reviews Ltd. 

54

A. A. Akinwande et al. Journal of Civil Engineering and Construction 2023;12(1):40-54

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	1. Introduction
	2. Materials and methods
	2.1 Materials
	2.2 Sample preparation
	2.3 Test methods

	3. Results and discussion
	3.1 Setting time and slump variation with varying milled glass content
	3.2 Properties of bricks
	3.2.1 Total porosity
	3.2.2 Water absorption by immersion
	3.2.3 Dry density
	3.2.4 Thermal conductivity
	3.2.5 Specific heat capacity
	Specific heat capacity is the quantity of heat needed to raise the temperature of a unit mass of a substance by 1 K [85]. A higher heat capacity coefficient is necessary for insulating bricks. A study carried out in [83] presented increasing specific ...
	Figure 6. Influence of milled glass proportion and curing period on (a) specific heat capacity (b) compressive strength
	3.2.6 Compressive strength
	3.2.7 Flexural strength
	Figure 7. Influence of milled glass proportion and curing period on (a) flexural strength (b) Splitting tensile strength
	3.2.8 Splitting tensile strength
	3.3 Statistical analysis
	3.4 Morphological analysis
	Figure 8. Microstructural images of 28 days cured samples containing (a) 0 wt.% MG (b) 5 wt.% MG (c) 10 wt.% MG (d) 15 wt.% MG (e) 20 wt.% MG (f) 25 wt.% MG
	Figure 9. High magnification (x2000) fluorescence microstructural images of 28 days cured samples containing (a) 0 wt.% MG (b) 5 wt.% MG (c) 10 wt.% MG (d) 15 wt.% MG (e) 20 wt.% MG (f) 25 wt.% MG

	4. Conclusion
	5. References



