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Abstract 

Currently, growing activities in the construction sector have resulted in a rapid depletion of natural resources for building material 

production. On the other hand, agricultural industries generate a huge amount of residues/by-products every year around the world creating 

environmental concerns since most of these residues are burnt or disposed to the landfill. However, several current studies have presented 

the potential application of agricultural wastes in building material production owing to good physical and mechanical properties. 

Moreover, utilisation of such waste materials can contribute to reducing environmental impacts by proving alternative waste management 

strategies worldwide. This paper reviews some of the nut shell wastes (Argan nut, Brazil nut, Cashew nut, Groundnut, Hazelnut, Pistachio, 

Shea nut and Walnut) for the production of three groups of materials i.e. brick, mortar and concrete. Different properties of brick, mortar 

and concrete when admixed with nut shell wastes are discussed and compared with related standards. The review of literature exhibited an 

obvious potential of the nut shell waste as a partial replacement of conventional materials since most of the developed materials comply 

with the standards. However, a lack of studies on durability and thermal properties is observed. Besides, existing studies are inadequate to 

ascertain the potentiality of these wastes for reuse in building materials production. Therefore, extensive research is required to enhance the 

existing knowledge in this domain to achieve sustainable objectives in the construction industry. 
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1. Introduction 

The world population is predicted to grow significantly 

and hit 9.70 billion in 2050 and 11.20 billion by the end of 

the century [1] which will eventually lead to a major 

increase in housing demand. Consequently, the building 

construction industry will face a growing challenge to 

meet the additional demand and there will be a rise in 

building materials production like brick, concrete, steel, 

aluminium etc. The conventional manufacturing processes 

of fired brick and concrete masonry involve high energy 

[2, 3] and one of the key sources of global CO2 emissions 

(around 6-7%) [4, 5] has been reported as cement 

production, which contributes to 60% global warming 

along with other greenhouse gases [6]. This concerning 

environmental issue has offered an incentive to the 

researchers for developing sustainable materials in the 

construction industry.  

At the same time, it has been reported that the current 

annual global waste generation amounts approximately 

1.30 billion tons and are projected to reach nearly 2.20 

billion tons by 2025 [7]. The major population of the 

developing countries still depend on the agriculture-based 

economy, where a large amount of agricultural wastes are 

generated and left unmanaged every year. Inefficient 

management of these huge quantities of agricultural 

wastes ultimately causes a threat to the environment both 

in many developed and developing countries [8, 9]. Such 

agricultural wastes are locally available, low-cost and have 

the ability to act as an effective means of CO2 processing 

[10, 11]. Therefore, the use of agricultural wastes in the 

building construction industry has gained global 

significance [12-14]. Researchers have made considerable 

efforts to develop different types of building materials 

from various types of agricultural wastes aiming to reduce 

environmental pollution as well as to protect the raw 

materials from depletion. Numerous agricultural wastes 

are already employed in brick and concrete production as 

alternative replacement materials for clay, aggregate, sand 

and cement. Jannat et al. [15] reported unfired earth brick 

production incorporating agricultural wastes whereas Al-

Fakih et al. [16] reviewed fired brick manufactured with 

different organic wastes. Besides, Prusty and Patro [17] 

and Prusty et al. [18] reported the utilisation of agricultural 

wastes as fine and coarse aggregate replacement in 

concrete. 

Every year million tons of nuts are produced around the 

world (Fig. 1) and a significant amount of by-products 

from the nut processing industry are discarded [19-21] 

However, several studies have been conducted on the use 

of these by-products/residues in different forms to produce 

building materials [22-24]. This paper aims to introduce 

some of the certain nut shell wastes (Argan nut, Brazil nut, 

Cashew nut, Groundnut, Hazelnut, Pistachio, Shea nut and 

Walnut) in different compositions to develop three types 

of building materials i.e. brick, concrete and mortar. The 

selection of these materials is based on their extensive use 

in building construction industry. The study presents the 

chemical and physical properties of the different nut shell 

wastes and underlines several properties of waste blended 

samples. Besides, it summarises the standards followed by 

different authors for the tests and compares the findings 

with the related standards. Nevertheless, existing studies 

are still inadequate and more extensive investigations are 
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required to establish the suitability of these wastes for building material production. 

 

 
Fig. 1. Global annual nut production [25] and top nut-producing countries [26]. 

2.  Previous reviews 

Several review articles have already been published on 

the utilisation of numerous forms of shell wastes in 

concrete manufacture. Sujatha and Balakrishnan [22] 

presented an overview of the physico-mechanical and 

durability characteristics of concrete with ground coconut 

shells. Hamada et al. [23] and Alengaram et al. [27] 

reported the use of oil palm shells to replace lightweight 

aggregates in concrete. The studies discussed different 

physico-mechanical as well as durability behaviours of the 

waste incorporated concrete. In addition, the findings were 

compared with conventional normal-weight and 

lightweight concrete. Furthermore, Mo et al. [24] reviewed 

various durability properties (shrinkage, chloride 

penetration, resistance to chemical and high temperature) 

of oil palm and coconut shell concrete. Prusty and Patro 

[17] summarised some of the agricultural seeds (corn cob, 

date and rubber seed) and shell wastes (coconut, cockle, 

oil palm and periwinkle shell) as a substitute for aggregate 

in concrete production. The study discussed and compared 

the physical, mechanical and thermal properties of waste-

blended concrete and waste-free concrete. 

The previous review studies indicate that most of the 

work have been done on the incorporation of oil palm 

shell and coconut shell wastes in concrete. Therefore, this 

present article reviews the potential utilisation of several 

other nut shell wastes (Argan nut, Brazil nut, Cashew nut, 

Groundnut, Hazelnut, Pistachio, Shea nut and Walnut) in 

brick, mortar, and concrete production. 

3. Nut shell wastes 

Table 1 and Table 2 respectively present the physical 

properties and chemical compositions of different nut shell 

wastes. These properties generally vary based on the 

origin of the nut as well as the treatment process. 

3.1 Argan Nut Shell (ANS) 

Argan tree is one of the most common trees in the 

Moroccan region. A large argan forest of about 830000 ha 

covers the South-West of Morocco [28] and the amount of 

discarded ANS in Morocco is approximately 60 thousand 

tons per year [29]. The local people make use of almost all 

parts of the Argan tree including wood and woody fruit 

shells for heating, the fruit for edible argan oil production 

and fruit pulp from the oil production for cattle [30, 31]. 

The ANS which accounts for about 86% of the argan fruit 

weight has an elliptical cross through a slot in the 

longitudinal direction containing small fibres mainly 

composed of cellulose (25.70%), hemicelluloses (34.30%), 
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lignin (34.50%) and ash (5.40%) [31, 32]. Studies revealed 

that the water content of Argan Nut Shell Powder (ANSP) 

is 5.43% and 24h water absorption is 26.30%, where the 

absolute and apparent densities are found as 1040 kg/m3 

and 0.74 kg/m3 respectively. Besides, the thermal 

conductivity of ANSP is reported as 0.16 W/mK [33, 34]. 

Scientists have investigated the mechanical properties of 

ANS aiming to find new applications of this material and 

some research have already been conducted incorporating 

ANS in the development of bio-composite [30-36]. 

 3.2 Brazil Nut Shell (BNS) 

Brazil nuts commonly grow in a large area of South 

America mainly in Brazil, Peru, Colombia, Venezuela and 

Ecuador [37]. The nut-based industries in the Amazonian 

region generate a large amount of residues from the nut 

shelling process [38-40]. It is estimated that for each ton of 

clean nut, 1.40 tons of residues are produced [41]. These 

residues are commonly used as bio-fuel by the local 

people [42] which produces significant quantities (80–150 

tons/year) of Brazil Nut Shell Ash (BNSA) [43]. The main 

inorganic components of BNSA are K2O (33%), CaO 

(11%) and SO3 (7.89%). The chemical analysis of the 

BNSA shows various phases including CaCO3, Ca3(PO4)2, 

K2CO3, K2SO4, K2Ca(CO3)2, MgO, quartz etc. [43] which 

indicates a remarkable variety of minerals compared to 

other organic ashes. Research showed that brazil nut seed 

contains 65–70% of oil and the mesocarp of the nut has 

great potential for developing bioinspired impact-resistant 

materials [44]. BNS was also investigated as biosorbent 

[37] and stabiliser in porous brick production [43]. 

Table 1 

Physical properties of the nut shell wastes. 

 ANSP 

[33, 34] 

CNSP  

[45, 46] 

CNSA 

[47-49] 

GSP  

[50] 

GSA 

[51-55] 

PSP 

[56] 

PSA 

[57] 

WSP 

[58, 59] 

Fineness (%) - 2.00 1.95-8.10 - 17.45 2.58 - - 

Specific gravity (g/cm3) - 0.58-3.10 2.98-3.10 0.60 1.81-3.20 0.12 - 0.96-1.25 

Specific surface area (m2/kg) - - 605 - - - 1630 - 

Bulk density (kg/m3) - - 772.92 257.78 254.55-445 - - - 

Natural water content (%) 5.43 - - - 1.42 - - - 

Absolute density (g/cm3) 1.04 - - - - - - - 

Apparent density (g/cm3) 0.74 - - - - - - - 

Water absorption (%) 26.30 - - - 1.61 - - 10 

Conductivity (W/mK) 0.16 - - - - - - - 

pH - - 13.35 - - - - - 

Colour - - light yellow - - - - brown 

3.3 Cashew Nut Shell (CNS) 

Cashew nut is found in Africa, Brazil, India, Vietnam 

and Central America as a cash crop. CNS represents 

around 67% of the fruit weight [60]. CNS is a waste by-

product produced by the nut processing industry which is 

disposed of or incinerated extensively [21, 61]. Hence, 

CNS residues act as a major source of environmental 

contamination in the cashew nut processing areas when it 

is not efficiently utilised. On the other hand, the Cashew 

Nut Shell Ash (CNSA) is the waste from the boiler grid, 

resulted from the burning of the rind of nuts. This waste is 

used as compost in planting cashew and a little part of it is 

dumped in landfills [19]. The CNSA has a specific gravity 

of  2.98 to 3.10 [47, 49] specific surface area is 605 m2/kg 

and fineness of 1.95% [47]. A number of studies examined 

the properties of brick and concrete [19, 46, 48, 49, 62-64] 

incorporating CNS wastes to evaluate their applications in 

diverse sectors. 

3.4 Groundnut Shell (GS) 

Groundnut comes originally from Brazil in South 

Africa and then spread to other areas of America and Asia. 

[50]. GS is an agricultural by-product constituting almost 

20-30% of the total pod. Every year around 11,000,000 

tonnes of GS are produced in the world which are often 

burnt or left to decompose naturally [65]. GS mainly 

consists of hemicellulose (62%), cellulose (18.10%), 

lignin (5.60%) and ashes (4.70%) [66]. The Groundnut 

Shell Powder (GSP) has a specific gravity of 0.60 and a 

density of 257.78 kg/m3  [50]. On the other hand, 

Groundnut Shell Ash (GSA) has cement properties that are 

considered as a beneficiary to the brick production to 

enhance the binding properties. The specific gravity of 

GSA is found 2.10 to 3.20 [53, 54, 67, 68]. The total 

amount of oxide (62.83-76.39) and the higher CaO content 

(24.10%) in GSA also show that it has some self-

cementing properties [69, 70]. Many researchers reported 

that GS waste possessed unique characteristics which 

make it competitive among other construction materials. 

GS is already used for developing bricks [53, 66, 71], 

sandcrete blocks [67] and a replacement material in 

concrete [48, 50, 51, 70] which are reviewed in this article. 

3.5 Hazelnut Shell (HS) 

Hazelnuts mainly grow in the Mediterranean Sea 

region. It is originally from Anatolia and Greece, but it 



4 

 

spread through Europe in the nineteenth century [72]. 

Turkey, USA and Azerbaijan [73] are the world's leading 

producers of hazelnuts, where Turkey grows about 

500,000-650,000 tons a year alone representing 75% to 

80% of the world total production [74]. Since HS 

constitutes more than 50% by weight of the total nut 

abundant biomass residues are generated by the hazelnut 

processing industry [75, 76]. Hazelnut Shell Powder 

(HSP) mainly contains 99.37% CO2, 0.27% Na2O5, 0.19% 

K2O and 0.17% CaO [75]. Cimino et al. [77] found out 

that HS shows good efficiency in removing toxic ions 

from aqueous solutions. Çöpür et al. [78] investigated the 

possibilities of utilising husk and shell of hazelnut in 

medium-density fibreboard production where Gürü et al. 

[79] developed particleboard from HS and assessed the 

improvement of its fire and water resistance. Moreover, 

Demirbaş and Aslan [80] examined the effects of ground 

HS on the mechanical properties of cement. Studies were 

also conducted on the incorporation of HS waste in brick 

[75] and mortar production [81, 82]. 

3.6 Pistachio Shell (PS) 

The pistachio is native to the Asia Minor region 

(Mediterranean island to India). According to FAOSTAT 

data [26] Iran, Turkey and US produce around 1,239,007 

tons of pistachio per year which is almost 90% of the 

global production. PS comprises 51% to 69% of the fruit 

weight [83] and is usually disposed to landfills or used as 

fuel [84, 85]. Studies presented that Pistachio Shell 

Powder (PSP) has fine a modulus of 2.58 and specific 

gravity of 0.12 [56] whereas the Pistachio Shell Ash 

(PSA) contains calcite, graphene, quartz and alumina-

based compounds with a high specific surface area of 1630 

m2/kg [57]. Scientists have proposed to utilise these 

abundant solid wastes for the preparation of activated 

carbons [86-88], for the production of low-cost adsorbent 

[89] and mortar [56, 57] because of their high carbon and 

low ash content. 

3.7 Shea Nut Shell (SNS) 

Shea trees are indigenous to semi-arid and sub-humid 

savannas of sub-Saharan Africa and the production of shea 

nut is in the African continent only [90, 91]. SNS is a by-

product of the shea butter processing industry which is 

currently used as fuel to sustain the industry. The expected 

annual production of SNS waste would amount to 

approximately 30,000 tons as the demand grows rapidly 

[92]. Some studies have been conducted to use SNS waste 

in the production of activated carbons [93-95]. Other 

studies used it as a partial cement replacement in concrete 

[96, 97] and mortar [98].  

3.8 Walnut Shell (WS) 

The walnut trees grow widely in the Asian belt 

extending from the Balkans to China [99, 100]. In Europe 

it was grown as far back as 1000 BC. and later, it spread to 

the Mediterranean regions [101]. Global walnut 

production was recorded around 965,402 tons in 2019 

where China, USA and Iran were the top producers [25, 

26]. WS attributes to 67% of the total weight of the fruit 

[102, 103]. The principal feature of WS microstructure is 

high lignification stone cells which are relatively short-

sized and isodiametric sclereids. The cell walls which 

possess high strength and stiffness account for almost 90% 

of cell volume [104, 105]. WS can be crushed or ground 

into different grits that range from coarse grits to fine 

powders. Because of the high hardness, WS is used as an 

abrasive to blast clean [106] and render cementitious 

surfaces [107]. Besides, WS finds its place in the building 

construction industry as it has sound technical features 

such as lower water absorption, better strength and bio-

resistance [108]. Researchers used WS in the production 

of particle boards [109-111], as a substitute for fine and 

coarse aggregate in concrete [59, 112-115] and alternative 

material for load-bearing wall [116]. 

 
Table 2 

Chemical compositions of the nut shell wastes. 

Chemical 

Compounds 

(%) 

BNSA 

[43] 

CNSP 

[45] 

CNSA 

[19, 47-49] 

GSP 

[71] 

GSA 

[52, 53, 55, 67-70, 

117-121] 

HSP 

[75] 

HSA 

[81] 

SNSA 

[96, 97] 

SiO2 6.38 53.50 54.85-65.02 5.92 16.21-51.54 - 4.89 29.01 -41.50 

Al2O3 1.94 2.10 2.01-16.28 2.41 1.75-22.45 - 0.77 20.05 -22.50 

Fe2O3 0.67 4.30 4.20-12.51 6.05 0.50-14.21 - 1.83 9.05-1.13 

CaO 10.84 35.90 0.86-35.67 2.10 8.69-24.27 0.17 50.48 1.81 -5.18 

MgO 5.36 1.56 1.53-1.85 0.30 1.20-7.00 - 1.67 1.04-1.48 

K2O 32.86 0.50 0.49-0.52 1.55 4.42-21.90 0.19 27.73 0.95-1.70 

Na2O 0.82 0.35 0.34-0.80 0.11 0.04-13.27 - 2.98 0.26 

Na2O5 - - - - - 0.27 - - 

SO3 7.89 1.00 0.80-1.32 - 0.94-6.97 - 3.20 2.10 

TiO2 0.93 - 0.01 - 0.13-2.00 - - - 

P2O5 3.79 - 0.01 - 0.60-2.80 - - - 

MnO 0.76 - - - 0.05-0.42 - - - 

P2O3 - - - - - - 0.29 - 

Na2O3 - - - - 10.00 - - 0.81 

Na2Oeq* - - - - - - 21.23 - 
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SrO - - - - 0.30-0.50 - - - 

ZnO - - - - 0.12-0.50 - - - 

BaO - - - - 0.05-0.57 - - - 

Cl- - - - - - - 1.00 - 

CO2 - - - - - 99.37 -- - 

LOI  27.50 0.80 2.65-2.95 80.56 2.65-28.99 - - 4.25-9.55 
* Equivalent Na2O = Na2O+0.658K2O  

4. Review of studies 

Researchers examined different properties of brick, 

mortar and cement incorporating various percentages of 

nut shell wastes according to different relevant standards. 

Table 3 presents the studies on the development of brick 

where Table 4, Table 5 and Table 6 summarise mortar and 

concrete with nut shell wastes. Moreover, Table 7 lists the 

relevant standards followed by the researchers to 

investigate the different physical and mechanical 

properties of nut shell-blended samples. 

4.1 Nut shell wastes in unfired brick 

The effects of ANSP (2, 4 and 6%) and cement (5%) on 

the mechanical and thermal performances of the 

Compressed Earth Block (CEB) were examined by Tatane 

et al. and Akhzouz et al. [33, 34, 36]. The test results 

showed that thermal conductivity decreased with 

increasing ANSP content from 0-6% in the sample blocks 

and the conductivity values for the cement-free blocks 

(0.87 W/mK to 0.75 W/mK) were found higher than 

cement stabilised blocks (0.64 W/mK to 0.48 W/mK). 

This decrease is attributed to the low thermal conductivity 

of the ANSP (0.16 W/mK) compared to the clay matrix 

(0.30 W/mK). Besides, the addition of cement in the 

blocks further limited the manoeuvrability of the mixture 

which ultimately reduced the good compaction. This 

resulted in additional air inside the blocks which increased 

the porosity and decreased the thermal conductivity. Also, 

tensile strength slightly reduced for both cement-free (0.75 

MPa to 0.65 MPa) and cement stabilised blocks (0.90 MPa 

to 0.68 MPa) with the increase of ANSP content from 0-

6%. Moreover, dry compressive strength indicated a 

decreasing trend from 2.21 MPa to 1.89 MPa for the same 

amount of ANSP due to poor adhesion between the clay 

matrix and ANSP. However, cement in the block 

developed some rigid connections between the soil 

particles which induced a little improvement in the 

strength. But for the cement stabilised blocks the optimum 

compressive strength was achieved at 2% waste content 

(3.12 MPa) since it adhered well to the clay matrix and 

above this amount, the cement content became inadequate 

to bind the ANSP. Moreover, due to the non-absorbing 

characteristics of ANSP (absorption=26.3%), the water 

absorption coefficient declined from 16.92% to 10.10% as 

ANSP was added (0-6%) which was below the limit stated 

in XP 13-901 standard [122] (20%). 

Miron et al. [116] developed CEB incorporating a 

various percentage of WS (5-20%). It can be observed that 

the introduction of WNS negatively affected the properties 

of CEB. Only the control samples satisfied the 

compressive strength value specified by the Mexican 

Standard: NMX-C-404-ONNCCE-2005 [123] (6 MPa) 

and WS mixed samples showed a drop up to 94% in 

strength. In order to improve the properties of the WS 

blended samples lime (7%) and gypsum (3%) were 

incorporated in the mixture which demonstrated a decrease 

of up to 65% in strength. Besides, the control sample 

exceeded the water absorption (30%) allowed by the 

standard (21%). Furthermore, the samples with 5% WS 

and 10% cement exhibited water absorption of 23.8% 

while lime and gypsum stabilised samples containing 20% 

WS (18.55%) and 10% WNS (19.39%) showed lower 

values. 

4.2 Nut shell wastes in fired brick 

Escalera et al. [43] produced lightweight porous 

ceramic bricks by sintering diatomaceous earth and BNSA 

(10, 20 and 30%) at different temperatures (750-950°C). 

The results revealed that shrinkage decreased from 

11.60% to 6.80% for samples containing 10-20% BNSA 

which was less than the control sample. This can be 

explained by the formation of small voids in the mixture 

filled with gas (CO2 and SO2) by the sulfates and 

carbonates decomposition from the BNSA as they reacted 

with SiO2. Moreover, the bulk density increased but the 

open porosity decreased for all samples with increasing 

the temperature as well as increasing BNSA content. 

Density ranged between 850 kg/m3 to 1440 kg/m3 

(750°C), 1060 kg/m3 to 1840 kg/m3 (850°C) and 1340 

kg/m3 to 1860 kg/m3 (950°C) for varying BNSA content 

from 10-30%. On the other hand, open porosity varied 

between 57.50% to 23.75% (750°C), 49% to 7.50% 

(850°C) and 37.50% to 6.25% (950°C) for the same 

BNSA content. Furthermore, the thermal conductivity 

increased (0.20 W/mK to 0.76 W/mK) than the control 

sample (0.22 W/m K) with the incorporation of BNSA. 

Besides, most of the samples displayed an improvement in 

compressive strength with increasing the temperature and 

BNSA percentage except the sample containing 30% 

BNSA at 950°C showed a substantial drop (33%) in 

strength. This significant reduction in strength is due to the 

development of (K0.7Na0.3)Cl salt phase by the surplus 

BNSA in the mixture which later decomposed into two 

individual phases under the phase separation temperature 

making the blend very brittle. The highest compressive 

strength was recorded as 24 MPa at 20% BNSA (950°C), 

18.75 MPa at 30% BNSA (850°C) and 8.75 MPa at 30% 

BNSA (750°C). In addition, all the samples but the 

samples with 0-20% BNSA at 750°C achieved the 
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minimum compressive strength requirement (7 MPa) 

specified in Turkish Standard (TS EN 771-1) [124]. 

Santhoshkumar et al. [46] manufactured low-weight 

bricks (fired at 1100°C) utilising CNSP (10-60%). The 

results showed that the 10% waste-blended sample 

exhibited a compressive strength of 3.50 MPa and with the 

further addition of the waste to 50% the compressive 

strength decreased to 1.20 MPa. The reference sample 

obtained the highest compressive strength (7 MPa) and the 

lowest compressive strength was found at 60% of waste 

content which was within the threshold limit. The water 

absorption test revealed that with varying CNSP content 

from 10-60% water absorption increased from 18% to 

43% which was above the reference sample (15%). 

Table 3 

Nut shell wastes in brick production. 

Nut 

shell 

wastes 

Refere
nces 

Brick 
type 

Content  
(%) 

Unit size 
(mm) 

Firing 

temp. 
(°C) 

Density  
(kg/m3) 

Porosity 
(%) 

Max. 
Compressive 

Strength (CS), 

Flexural 
Strength (FS), 

Splitting Tensile 
Strength (STS)  

(MPa) 

Water 

absorption/
Capillary 

water 
absorption 

coefficient 

(%) 

Min. 
Thermal 

conductiv
ity 

(W/mK) 

ANSP 
[33, 

34, 36] 
CEB 

2,4,6% 
mass and 

5% cement 

14×29.50 - 1825-2062.50 - 
CS:3.12 

STS:0.80 
10.10-11 0.48 

BNSA [43] 

Fired 
Diatomac

eous 
Earth 

Brick 

10,20,30%

wt 
⌀35× 35 

750 850-1440 
23.75-
57.50 

CS:8.75 

- 0.20 850 1060-1840 7.50-49 18.75 

950 1340-1860 
6.25-

37.50 
24 

CNSP [46] 

Fired 

Clay 

brick 

10,20,30,50
,60%vol 

225×100×75 1100 - - CS:3.50 18-43 - 

CNSL [62] 

Soil-

Cement 

brick 

16.66g,8.33
g 

252×125×125 - - - CS:2.45 - - 

GSP [66] 

Fired 

Clay 

brick 

5,10,15%vo
l 

70×40×18 950,1000 - 
25.15-
28.04 

FS:7.03 - - 

GSA [53] 

Fired 

Clay 

brick 

2,4,5,6,8,10

%wt 
1850×850×650 600-850 1225-1426 - 

CS:17.00 

FS:0.11 

15.33-25 

 
- 

HSP [75] 

Fired 

Clay 

brick 

2.50,5,7.50,

10%wt and 

5-30% RM 

⌀20×8.56 

⌀20×13.60 

950 1410-1670 38-51.35 CS:32 22.50-36.10 0.45 

1000 1440-1700 36.25-48 30 21.25-33.33 0.47 

WS [116] CEB 

5, 10, 15, 

20%wt and 

10% 
cement, 7% 

lime, 3% 
gypsum 

100×200×50 - - - CS:6.00 18.50-30 - 

 

de Araujo et al. [62] produced soil-cement bricks 

having Cashew Nut Shell Liquid (CNSL) as a constituent 

of the formulation. The samples were obtained from the 

mixture of pure CNSL, soil and cement (1:10). The results 

of the compression tests of the full brick presented average 

resistance of 2.70 MPa for the control sample which was 

in accordance with ABNT standard, NBR 8492/12 (2 

MPa) but for the half brick, the average compressive 

strength was 1.30 MPa which was lower than that 

recommended by the standard. But with the inclusion of 

CNSL into the half brick samples, the compressive 

strength value was observed to double (average 2.30 MPa) 

which met the standard. Besides, CNSL caused an 

improvement in the impermeability of the samples. 

Quaranta et al. [66] studied the possibility of using GSP 

(5, 10, 15%) as a raw material in the manufacture of 

ceramic bricks at 950°C. The results presented that 

increasing amount of GSP in the sample caused an 

increase in the porosity (25.15% to 28.04%) and decrease 

in flexural strength compared to the control sample 

(19.20% and 8.30 MPa). The lower degree of sintering of 

15% waste-blended sample caused a comparatively greater 

decline in strength (5.49 MPa). Hence, 15% GSP sample 

was further treated at 1000ºC which presented a higher 

sintering degree as well as good properties (25.12% 

porosity and 9.10 MPa strength). 

Fernando et al. [53] investigated the use of GSA (2-

10%) as a partial substitution to produce lightweight clay 

bricks (fired at 600°C to 850°C). The findings exhibited 

that the average sample density steadily dropped (1500 

kg/m3 to 1225 kg/m3) while the water absorption value 

increased (13% to 25%) with 0% to 8% replacement level 

and after that density sharply increased to 1384 kg/m3 and 

water absorption decreased to 18% at 10% replacement. 

The compressive strength of the GSA blended samples 

ranged between 7 MPa (8% GSA) to 17 MPa (4% GSA) 

https://en.wikipedia.org/wiki/%E2%8C%80
https://en.wikipedia.org/wiki/%E2%8C%80
https://en.wikipedia.org/wiki/%E2%8C%80
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which satisfied the BS 3921 standard [125] requirement 

(>5.10 MPa). The greater quantity of SiO2 in GSA helped 

to stabilise the brick clay, contributing to an increase in 

strength. Also, the flexural strength significantly decreased 

with increasing replacement levels. The maximum flexural 

strength (0.13 MPa) was obtained for the control sample 

whereas for GSA blended samples optimum strength (0.11 

MPa) was found at 2% replacement. 

Çam [75] incorporated 2.50, 5, 7.50, 10% by weight of 

HSP and 5-30% by weight of Red Mud (RM) waste to 

clay for the production of highly porous ceramic bricks 

(fired at 900°C and 1000°C). The test results showed that 

the addition of HSP and RM to the mixture increased the 

porosity and water absorption compared to the control 

sample but increasing the firing temperature there was a 

slight decrease observed both in porosity and density. The 

apparent porosity varied between 38% (2.50% HSP) to 

51.35% (10% HSP + 30% RM) at 900°C and 36.25% 

(2.50% HSP) to 48% (10% HSP) at 1000°C. On the other 

hand, water absorption values were between 22.50% 

(2.50% HSP) to 36.10% (10% HNP + 30% RM) at 900°C 

and 21.25% (2.50% HSP) to 33.33% (10% HSP) at 

1000°C. However, HSP and RM additives decreased the 

bulk density and compressive strength of bricks and 

increasing of firing temperature the bulk density and 

strength increased. Bulk density varied between 1410 

kg/m3 (10% HSP) to 1670 kg/m3 (2.50% HSP) at 900°C 

and 1440 kg/m3 (10% HSP) to 1700 kg/m3 (2.50% HSP) at 

1000°C. The maximum compressive strength for the waste 

blended samples were achieved as 32 MPa (2.50% HSP) 

and 30 MPa (2.50% HSP) at 900°C and 1000°C 

respectively. These values were lower than the control 

sample (65.47 MPa) but higher than the acceptable 

strength requirement specified by the Turkish Standard 

[124]. Moreover, thermal conductivity decreased for both 

increasing waste material quantity and firing temperature. 

The lowest thermal conductivity value was found as 0.45 

W/mK (10% HSP + 30% RM) at 900°C. 

4.3 Nut shell wastes in mortar 

Thirumurugan et al. [19] examined the use of CSNA 

(20, 30%) and Chicken Feather Fibre (CFF) (2%) to 

replace cement in mortar. The compressive strength 

improved with the curing time for all the samples and up 

to 20% substitution of cement with CNSA achieved better 

strength results at 27-d (35.16 MPa) than the control 

sample (32.56 MPa). When CNSA was used up to 30% in 

concrete it gained lower strength (30.65 MPa).  

Pandi and Ganesan [126] studied the water absorption 

properties of CNSA (5-50%) blended mortar following the 

mix design (1:3) according to IS 269: 1970 [127]. The 

water absorption increased from 2.12% (5% CNSA) to 

4.16% (50% CNSA) which were greater than the control 

sample (2%). The minimum and maximum soprtivity 

values were achieved as 0.73 mm/min0.5 (10, 25% CNSA) 

and 1.45 mm/min0.5 (35, 40, 45% CNSA) respectively 

whereas for the control sample soprtivity value was 1.81 

mm/min0.5. 

Baran et al. [81] replaced cement in mortar by different 

percentages of HSA (5-30%). The introduction of finer 

HSA (<1μm) increased the total surface area of the solid 

particles in the mixture which induced an increase in the 

water demand (up to 59%) for standard consistency and a 

decrease in the setting time (up to 96%). Moreover, the 

compressive and flexural strength values of the blended 

cement mortars decreased by HSA addition related to the 

control sample at all curing time and only 5% HSA 

blended samples showed the satisfactory compressive 

strength (>42.50 MPa at 28-d) recommended by BS EN 

197-1 (2011) [128]. The highest flexural strength at 28-d 

was found 5.70 MPa at 5% HSA whereas flexural strength 

for the control sample was 7 MPa.  

Restuccia and Ferro [82] analysed the utilisation of 

Hazelnut Shell Pellets (HSP) (0.50, 0.80, 1%) as carbon 

nano-aggregates in cement. The test results revealed that 

compressive strength decreased from 55.09 MPa to 36.95 

MPa at 28-d curing period as the content of nanoparticles 

increased from 0.50-1%. However, these values were 

higher than the control sample (33.59 MPa). On the other 

hand, the Modulus of Rupture (MOR) substantially 

improved in comparison with the waste-free sample (2.74 

MPa) with the incorporation of HSP and 0.80% waste 

blended sample displayed the optimum MOR (4.02 MPa) 

at 28-d. This increase in strength was attributed to the 

irregular shape and porous nature of the carbon-composed 

nanoparticles which generated toughening mechanisms 

within the cement-based composites. 

Ketkukah and Ndububa [69] replaced OPC in the 

mortar by GSA (2-10%) adopting a mix proportion of 1:5. 

The inclusion of ash induced a delay in the setting time of 

the mortar which indicated its suitability in hot weather 

concreting. The density (2287 kg/m3 to 2152 kg/m3), water 

absorption (9.19% to 7.83%) and 28-d compressive 

strength values (3.31 MPa to 2.69 MPa) decreased with 

the addition of GSA. However, the strength values 

surpassed the minimum strength requirement for sandcrete 

blocks specified in the Nigerian Industrial Standard [129] 

(2.50 MPa). The decrease in density is due to the lighter 

nature of GSA. 

Narayana Moorthi et al. [121] conducted experiments 

to determine the optimum percentage of cement 

replacement with GSA (15, 20, 30 and 40%). The results 

presented that the 7-d compressive strength reached the 

optimum value (16.71 MPa) at 15% replacement which 

was an 8.50% increase compared to the control sample. 

For further addition of GSA, the strength linearly dropped 

and reached 5.35 MPa at 40% replacement. 

Tekin et al. [57] incorporated 5-30% PSA as a 

replacement material to modify Ordinary Portland Cement 

(OPC). The results revealed that with the increasing 

amount of PSA both the water requirement (up to 54%) 

and setting time (up to 300%) of the cement increased 

consistently. The improved total surface area of the 

cement by the finer PSA particles induced an increased 

water demand while the carbon-based composition of PSA 

disrupted the setting phase. The compressive strength of 

5% and 10% PSA blended sample yielded a similar 
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strength (around 22 MPa) as the control sample at 2-d age. 

However, with the advance of the curing time samples 

with 5-20% PSA replacement achieved acceptable 

strength values. Furthermore, the incorporation of 30% 

PSA substantially decreased the compressive strength at 

all curing periods. The maximum compressive strength 

was 42.50 MPa (5% PSA) at 28-d, 45 MPa (5% PSA) at 

90-d and 67.50 MPa (10% PSA) at 400-d. Besides, 

porosity measurement showed no major influence up to 

20% PSA addition while the 30% PSA blended sample 

exhibited around 67% increase in the porosity. 

Consequently, the low compressive strength of the 30% 

PSA containing sample could be justified by the high-

porosity structure of the blend caused by the unbound PSA 

particles. The 28-d minimum porosity was recorded as 

18% (5% PSA) where the maximum was 24% (20% PSA). 

In another study, Alsalami [56] studied the effect of 

utilising PSP (10-60%) as a partial replacement of sand on 

the properties of cement mortar. A water-cement ratio 

(w/c) of 0.48 and a mix proportion of 1:3 was used by the 

authors to obtain the samples. The findings revealed that 

both density and compressive strength reduced with the 

increase of PSP in the sample but increased with curing 

time. The 28-d density of the control sample was 2315.84 

kg/m3 and it decreased from 2207.97 kg/m3 to 1000 kg/m3 

with the addition of 10% to 60% PSP. The reduction in 

density was attributed to the low density of PS compared 

to the fine aggregate used and the increase with age was 

due to the hydration process of cement which closed the 

pores and densified the mortar. The 28-d maximum 

compressive strength was 71.47 MPa for the control 

sample and significantly reduced from 51.54 MPa to 1.75 

MPa for 10-60% PSP blended samples. The decrease in 

compressive strength with the rise in substitution levels 

might be due to the water absorption by the PSP which 

induced poor workability of the mixture. Water absorption 

increased from 0.80% (10% PSP) to 6.04% (60% PSP) 

which were higher than the control sample (0.47%). The 

study concluded that 50% to 60% replacement mixtures 

can be used as lightweight mortar in compliance with BS 

EN 998-2, 2010 standard [130] where 20% and below 

replacement is suitable for load-bearing purposes (ASTM 

C270, 2014) [131]. Furthermore, the mortar could be used 

for non-load bearing purposes with 30% or above 

replacement. 

Tsado et al. [98] utilised SNSA to partly substitute 

cement up to 20% for mortar adopting a 1:6 (cement-fine 

aggregate) mix ratio and 0.60 water to binder ratio. The 

test results presented that setting time increased but 

compressive strength decreased gradually as the 

percentage of SNSA increased. Apart from the 20% waste-

blended sample (2.05 MPa), the 28-d compressive strength 

of the samples containing 0-15% SNSA ranged between 

4.50 MPa to 2.61 MPa which satisfied the Nigerian 

Industrial Standard [129]. Consequently, the study 

recommended 10-15% partial replacement of cement with 

SNSA to produce sandcrete blocks. 

Table 4 

Nut shell wastes in mortar and concrete production. 

Nut 

shell 

wastes 

Refere

nces 

Content (%) 

 
Unit size (mm) w/c ratio Density (kg/m3) 

28-d max. Compressive 

Strength (CS), Flexural 

Strength (FS), Splitting 

Tensile Strength (STS) 

(MPa) 

Water 

absorption 

(%) 

CNSA [19] 
20,30%wt, 

2% CFF 
70.6×70.6×70.6 0.45 - CS:35.16 - 

CNSA [126] 
5,10,15,20,25,30,35,4

0, 45,50%wt 
⌀ 80×50 0.45 - - 2.12-4.16 

GSA [69] 2,4,6,8,10%wt 50×50×50 
0.31-

0.40 
2133-2310 CS:3.31 7.83-9.19 

GSA [121] 15,20,30,40% 70.6×70.6×70.6  - CS:17.05 (7-d) - 

HSA [81] 5,10,15,20,25,30%wt 40×40×160 
0.50-

0.71 
- 

CS:40.67 

FS:5.70 
- 

HSP [82] 0.50,0.80,1%wt 20×20×75 - - 
CS:55.09 

FS:3.96 
- 

PSP [56] 
10,20,30,40,50,60%w

t 

70.60×70.60× 

70.60 
0.48 1000-2207.97 CS:51.54 

0.80-6.04 

 

PSA  [57] 5,10,15,20,30%wt 50×50×50 
0.50-

0.71 
- CS:42.25 - 

SNSA [98] 5,10,15,20%wt 50×50×50 0.60 - CS:3.25 - 

CNSP [45] 
4,8,12%, 

1% CFF 

⌀150×300 

150×150×150 

100×100×700 

0.48-

0.56 
- 

CS:35.02 

FS:5.39 

STS:2.90 

- 

CNSA [47] 5, 10, 15, 20%wt 

⌀150×300 

150×150×150 

150×150×600 

0.62-

0.77 
- 

CS:30 

FS:4.40 

STS:3.63 

- 

CNSA [48] 5,10,15,20%wt 
⌀150×300 

150×150×150 

0.42-

0.60 
- 

CS:48 

STS:4.14 
- 

https://en.wikipedia.org/wiki/%E2%8C%80
https://en.wikipedia.org/wiki/%E2%8C%80
https://en.wikipedia.org/wiki/%E2%8C%80
https://en.wikipedia.org/wiki/%E2%8C%80
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CNSA [49] 5,10,15,20,25,30%wt ⌀80×50 0.45 - - 0.68-1.98 

CNSL [64] 20,30,40%wt 102×102×356 0.38 - STS:846 - 

GSP [50] 
10,20,30,40,50,60,70,

80,90,100%wt 
- 0.75 1000-2000 CS:7 - 

GSA [51] 5,15,25,50,75%wt 150×150×150 0.50 
1854.81-

2533.33 
CS:40.59 - 

GSA [52] 
5,10,15,20%wt, 

1, 2, 3% Sisal fibre 

150×150×150 

100×150×800 
- - 

CS:33.95 

FS:21.79 
- 

GSA [54] 5,10,15%wt - 0.45 - 

CS:41.33 

FS:4.70 

STS:4.15 

- 

GSA [55] 5,10%wt - 
0.50-

0.56 
- 

CS:28.95 

FS:14 

STS:8.20 

- 

GSA [67] 10,20,30,40,50%wt - 
0.52-

0.59 
- CS:4.03 - 

GSA [68] 10,20,30,40%wt 150×150×150 - 2220-2301 CS:17.98 - 

GSA [70] 10,20,30,40%wt 
100×100×100 

40×40×160 
0-0.37 - CS:49 2.24-2.67 

GSA [117] 

GNA+RHA 

2.50,5,7.50,10,12.50

%wt 

150×150×150 0.55 2237-2372 CS:27.01 - 

GSA [118] 
5,10,15, 

20,25,30,35%wt 

⌀150×300 

150×150×150 

100×100×500 

0.60 - 

CS:23.15 

FS:7.50 

STS:3 

- 

GSA [119] 1,2,3,4,5,6%wt 150×150×150 0.55 - CS:33.50 0.46-0.84 

GSA [120] 10,20,30,40,50% 150×150×150 - - CS:20.68 - 

GSA [132] 
10,20%wt, 

10% CA, 10-30% FA 

150×150×150 

100×100×500 
- - 

CS:34.88 

FS:5.91 
- 

GSA [133] 15,30,45,60,75%wt - 0.55 1625-2125 CS:22.10 - 

GSA [134] 
2.50,5,7.50,10,12.50,1

5%wt 

150×150×150 

100×100×500 
0.45 - 

CS:38.44 

FS: 6.21 

STS:4.80 

- 

GSP [135] 10,20, 30%wt 
150×150×150 

500×500×300 
- - CS:25.60 - 

GSA [136] 12%wt 150×150×150 0.68 - CS:17.50 1.25-3.17 

WS [58] 20%wt 

⌀150×300 

150×150×150 

100×100×500 

0.45 - 

CS:29.70 

FS:3.80 

STS:2.90 

- 

WS [59] 
5,10,15,20,25,30,35,4

0,45, 50%vol 
100×100×100 0.36 1813-1990 CS:49 - 

WS [112] 5,10,15, 20,25%vol 

⌀100×200 

100×100×100 

100×100×500 

0.55 2000-2370 

CS:34 

FS:2.60 

STS:3.10 

1.50-2.70 

WS [113] 25,50,75%wt 100×100×100 0.48 1850-2050 
CS:30 

STS:3 
- 

WS [114] 10,20, 30% 150×150×150 0.55  CS:30.90 - 

WS [115] 
1.72,10,30,50,58.28%

wt 
150×150×150 

0.38-

0.52 
2200- 2420 CS:40.73 0.73-1.20 

WS [137] 
0.40, 0.60, 0.80, 1, 

1.20, 1.40%wt 
- 0.75 580-1350 CS:10 3.20 

SNSA [96] 10, 20%mass 150×150×150 
0.50-

0.56 
- CS:20.13 - 

SNSA [97] 10, 20, 30%mass 150×150×150 0.60 - CS:28.22 - 

4.4 Nut shell wastes in concrete 

The effect of CNSP (4%, 8%, 12%) with CFF (2%) in 

concrete was investigated by Pavithra et al. [45]. The 

study used a mix design ratio of grade 30 MPa concrete. 

The results indicated that compressive and flexural 

strength improved steadily and reached the maximum 

value with 8% CNSP. After this replacement level strength 

dropped for 12% CNSP. The 28-d optimum compressive 

and flexural strengths were 35.02 MPa and 5.39 MPa 

respectively which were approximately 3.60% and 30.77% 

higher than the control sample. Besides, splitting tensile 

strength gradually increased from 1.88 MPa to 2.90 MPa 

with increasing CNSP content from 4% to 12%.  

https://en.wikipedia.org/wiki/%E2%8C%80
https://en.wikipedia.org/wiki/%E2%8C%80
https://en.wikipedia.org/wiki/%E2%8C%80
https://en.wikipedia.org/wiki/%E2%8C%80
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Moreover, from the cost comparison analysis, it can be 

observed that 12% CNSP replacement level showed the 

minimum cost. However, the study recommended 8% 

replacement as it increased the strength while cut the cost 

by 2.90%. 

McIsaac et al. [64] investigated the effect of biobased 

resin (Cardolite NC-513) derived from CNSL as a partial 

substitute (20-40%) of epoxy on the bond strength 

between concrete and fibre reinforced polymer (FRP) 

(glass and carbon fibre). The bond strength of CNSL 

samples ranged between 38 MPa to 40 MPa for both types 

of fibre reinforced samples. Nevertheless, the splitting 

tensile strength values were higher for carbon fibre 

reinforced samples (522 MPa to 840 MPa) than glass fibre 

reinforced samples (293 MPa to 424MPa). 

Pandi and Ganesan [49] determined the potential 

replacement level of cement in concrete by CNSA (5-

30%). The mix design was carried out for grade 20 MPa 

concrete using 1:1.44:3.19 proportions based on IS: 

10262-2009 [138]. The results showed that 28-d water 

absorption and sorption value increased from 0.68% to 

1.98% and 1.45 mm/min0.5 to 4.35 mm/min0.5 respectively 

when CNSA was added from 5 to 30%. However, up to 

25% replacement level showed water absorption and 

sorptivity value lower than the control sample. 

Oyebisi et al. [47, 48] replaced Portland Limestone 

Cement (PLC) by CNSA at 5% to 20% employing grade 

25 MPa concrete mix design ratio according to the 

procedures specified in the BS EN 206 [139]. It was 

noticed that the incorporation of CNSA from 0% to 20% 

caused an increase in compacting factor (0.85 to 0.89) and 

slump (30 to 75mm) [47]. The results may be due to the 

particle shape of CNSA which increased the rate of 

workability. Also, the strength showed an increasing trend 

by 5 % to 15% replacement and beyond this replacement 

level strength slightly declined. A higher filling capacity 

of the CNSA and the presence of additional portlandite 

and alkalis in the blended mix observed from the 

micromorphological analysis can explain this increase in 

strength. The maximum compressive, flexural and 

splitting tensile strength values were obtained as 30 MPa, 

4.40 MPa and 3.63 MPa respectively. In addition, the 

CNSA concrete showed more resistant to sulfate attacks 

than the control sample. Therefore, this study suggested up 

to 15% replacement of PLC by CNSA for the application 

of load-bearing concrete. 

The utilisation of GSP in concrete was evaluated by 

Tata et al. [50] (10-100%) and Mohamad et al. [135] (10-

30%). The results of Tata et al. [50] showed that as the 

ratio of GSP increased from 10-100% there was a 

subsequent decrease in both density (1000 kg/m3 to 2000 

kg/m3) and compressive strength (7 MPa to 0.70 MPa) but 

increase in water absorption (3.25% to 35.25%). The study 

concluded that GSP blended concrete is suitable for 

insulating concrete due to its low strength. However, 30-

70% replacement had suitable strength (3.67 MPa to 0.80 

MPa) and density (1890 kg/m3to 1330 kg/m3) for use as 

non-load bearing partition walls.  

Mohamad et al. [135] developed an artificial reef with 

different volume of GSP (10-30%). It was observed that 

the highest compressive strength (31.30 MPa) was 

achieved for the control sample and the increased 

percentage of GS in the concrete caused a reduction (25.60 

MPa to 18.10 MPa) in strength. A higher water absorption 

characteristic of GSP generated more voids in the concrete 

and created poor bonding between the cement and 

aggregates which ultimately decreased the strength of the 

concrete. 

Besides, Mujedu and Adebara [133] (15-75%), 

Lakshmi and Sagar [118] (5-35%), Alabadan et al. [120] 

(10-50%), Mahmoud et al. [67] (10-50%), Nwofor and 

Sule [68] (10-40%), Buari et al. [70] (10-40%), 

Kanchidurai et al. [52] (5-20%), Reddy et al. [54] (5-

15%), Shubham and Khandelwal [134] (2.5-15%), Kumar 

and Lemessa [55] (5,10%),  Ikumapayi [136] (12%), 

Wazumtu and Ogork [119] (1-5%) replaced cement where   

Sada et al. [51] replaced fine aggregate (river sand) in 

concrete by GSA (5-75%). 

Reddy et al. [54] demonstrated that 28-d optimum 

compressive strength (41.33 MPa) was found at 10% 

replacement and the strength showed a decreasing trend 

beyond 10% replacement of cement by GSA. The result 

was similar for Lakshmi and Sagar [118] (23.15 MPa), 

Buari et al. [70] (49 MPa), Kumar and Lemessa [55] 

(28.95 MPa), Kanchidurai et al. [52] (29.84 MPa), Nwofor 

and Sule [68] (17.98 MPa) and Alabadan et al. [120] 

(20.68 MPa). On the other hand, Mahmoud et al. [67] 

developed sandcrete block and found the highest 

compressive strength as 4.03 MPa at 10% of cement 

replacement. On the other hand, Mujedu and Adebara 

[133] and Shubham and Khandelwal [134] found the 

highest 28-d compressive strength as 22.10 MPa and 38.44 

MPa for 15% GSA and 7.5% replacement, respectively 

whereas for Wazumtu and Ogork [119] (33.50 MPa) and 

Sada et al. [51] (40.59 MPa) 4% replacement showed the 

optimum compressive strength. The highest flexural 

strength was found as 4.70 MPa (10% GSA) [54], 7.50 

MPa (15% GSA) [118], 6.21 MPa (7.5% GSA) [134] and 

14 MPa (10% GSA) [55] whereas the highest splitting 

tensile strength was recorded as 4.15 MPa (10% GSA) 

[54], 3 MPa (10% GSA) [118], 4.80 MPa (7.5% GSA) 

[134] and 8.20 MPa (10% GSA) [55]. The variance in the 

strength value of different studies may be attributed to the 

chemical compositions and physical properties of GSA 

used by the different authors. GSA having fewer 

cementing properties led to less hydration in the mixture 

which induced lower strength in concrete [68, 119]. 

Besides, the w/c ratio may affect the strength as increasing 

the w/c ratio can increase the strength [118]. Moreover, 

the density of the concrete decreased varying between 

2125 kg/m3 (15% GSA) to 1625 kg/m3 (75% GSA) [133] 

2301 kg/m3 (20% GSA) to 2220 kg/m3 (40% GSA) [68] 

and 2533.33 kg/m3 (5% GSA) to 1854.81 kg/m3 (75% 

GSA) [51] as the ash percentage increased. This can be 

explained by the lower specific gravity of GSA (2.02) 

compared to cement (3.07) [133] which created more 

voids in the mixture. Mahmoud et al. [67] and Sada et al. 
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[51] explained that because of a higher water absorption 

ability of GSA, the workability of mixture decreased as 

the GSA content was increased. It was also noticed that 

GSA addition decreased both slump and setting time [67, 

119]. However, the water absorption gradually decreased 

from 0.84% (1% GSA) to 0.46% (6% GSA) [119], 2.67% 

(10% GSA) to 2.24% (40% GSA)  [70] with the addition 

of GSA.  

Kumar and Sharma [132] mixed Fly Ash (FA) (10, 20, 

30%), Coconut Ash (CA) (10%) and GSA (10, 20%) with 

cement and examined the strength properties. The peak 

compressive and flexural strength were achieved as 34.88 

MPa and 5.91 MPa respectively for 10% CA + 20% GSA 

+ 10% FA sample which was 8.19% and 4.05% increase 

in strength related to the control sample.  

Kumari et al. [117] used Rice Husk Ash (RHA) with 

GSA (2.50-12.50%) to replace cement in concrete. It was 

observed that slump decreased by 35.70% and density 

decreased from 2372 kg/m3 to 2237 kg/m3 as the 

replacement level was increased to 12.50% in the mixture. 

Compressive strength also decreased compared to the 

control mix (27.51 MPa) but increased with the addition of 

ash up to 10% (27.01 MPa) and then decreased at 12.50% 

(21.33 MPa). 

Ikumapayi [136] investigated the properties of GSA 

blended concrete sample in water and NaCl solution. The 

results showed that the water absorption values of the 

samples in salt were higher (3.27%) than the samples in 

water (1.25%). But the compressive strength values of the 

samples in the salt solution (15 MPa) were found lower 

compared to the samples in water (17.50 MPa). 

Tsado et al. [97] and Zievie et al. [96] used different 

replacement amounts (up to 30%mass) of cement by 

SNSA. The results showed that the setting times gradually 

increased while the workability of the concrete decreased 

with an increase in the SNSA content. This is due to the 

low calcium content (1.81%) present in SNSA as 

hydraulic reactivity in ash declines with decreasing 

calcium content. The slump test values showed a 

decreasing trend from 115 mm (0% SNSA) to 57 mm 

(20% SNSA) while the water content increased (5% for 

each replacement) with increasing SNSA quantity [96]. 

Besides, the compressive strength dropped when the 

replacement percentage was increased. Tsado et al. [97] 

reported that the compressive strength of the control 

sample was 33.62 MPa and the highest compressive 

strength for SNSA blended sample was obtained for 10% 

replacement (28.22 MPa) at 28-d curing period. Also, 

Zievie et al. [96] found the mean compressive strength 

ranging from 18.77 MPa to 10.37 MPa at 14-d, 22.61 MPa 

to 17.44 MPa at 28-d and 26.73MPa to 30 MPa at 90-d for 

0-20% cement replacement level. There was a high 

decrease in strength of 21% (10% SNSA) and 45% (20% 

SNSA) over the control sample at 14-d curing period 

while the drop lowered to 12% (10% SNSA) and 23% 

(20% SNSA) at 28-d. However, at 90-d there was a 

substantial increase in strength of 21% (10% SNSA) and 

11% (20% SNSA) over the control sample which indicates 

that SNSA is suitable for use in the places where long term 

strength is required. 

Cheng et al. [113], Venkatesan et al. [58], Khadykina 

and Meretukov [137], Hilal et al. [59, 112] Husain et al. 

[114] and Kamal et al. [115] assessed the effects of WS 

integration in concrete production. Various percentages of 

WS that were used as replacement material in concrete 

were as follows: 

25-75% [113], 20% [58], 0.40-1.40% [137], 5-50% [59], 

10-30% [114], 1.72-58.28% [115].  

The analysis illustrated that WS incorporation caused 

the Slump Flow Diameter (SFD) to decrease from 800 mm 

(0%) to 510 mm (50%) [59] and 120 mm (0%) to 90 mm 

(75%) [113]. The key reasons for such a decrease were the 

irregular shape and absorption potential of WS. The thin 

concave and convex shells of WS generated framework of 

aggregates in the mixture which resisted the flow and 

decreased the slump [59, 113]. Besides, the addition of 

WS reduced the strength and the optimum compressive 

strength was found for the lowest amount of WS blended 

samples as 30.90 MPa (10%) [114], 40.73 MPa (10%) 

[115], 49 MPa (5%) [59], 30 MPa (25%) [113], 4.25 MPa 

(0.40%) [137] due to the poor bonding between the WS 

particles and cement. Kamal et al. [115] also showed that 

compressive strength decreased with increasing w/c ratio. 

Moreover, in the study of Cheng et al. [113], the splitting 

tensile strength linearly decreased up to 68.80% in 

comparison with the control sample. Furthermore, the 

density results showed that added WS decreased both 

fresh and dry densities from 1990 kg/m3 (5% WS) to 1813 

kg/m3 (50% WS)  [59], 2050 kg/m3 (25%) to 1850 kg/m3 

(75%)  [113], 1350 kg/m3 (0.40%) to 580 kg/m3 (1.40%) 

[137]. The low density of the WS as well as the creation of 

voids in the mixture through the irregular shape of the WS 

was responsible for such a decrease. The increasing 

amount of WS also caused a drop in water absorption 

(from 1.20% to 0.73%) [115] and in UPV (4.28 km/sec-

3.27 km/sec) [59]. In another study Hilal et al. [112] 

replaced both fine and coarse aggregate to analyse the 

effects of WS particle size in the mixture. The analysis 

was carried out in three series i.e. group 1 (replacing the 

fine aggregate), group 2 (replacing the coarse aggregate) 

and group 3 (replacing both the coarse and fine aggregate). 

The results revealed that a significant reduction in density 

occurred in group 2 samples, followed by group 3 and 

group 1. The larger particle size in group 2 than the other 

groups contributed to the formation of additional voids in 

the mixture that induced the reduction. In addition, group 

3 samples obtained the optimum strength where different 

fine and coarse WS led to the formation of smaller 

amounts of voids providing a good interface with other 

elements in the blend. 

Khadykina and Meretukov [137] examined the use of 

WS as replacement material (0.40, 0.60, 0.80, 1, 1.20, 

1.40%) in concrete to develop structural and insulating 

lightweight concrete. The test results demonstrated that 

WS inclusion from 0.40% to 1.40% in the concrete caused 

a gradual reduction in density (1350 kg/m3 to 580 kg/m3) 

and compressive strength (4.25 MPa to 3.10 MPa). Hence, 
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the study further used various additives [Ca(NO3)2, 

NaNO2, Na2SiO3] in the 0.60% WS composition to 

improve its properties. The greatest increase in strength 

(4.10 MPa to 10 MPa) was observed by the NaNO2 

additive at the minimum dosage. The thermal conductivity 

and the water absorption of the that sample were found 

0.30 W/mK and 3.20% respectively which indicates a 

lightweight insulating concrete characteristic. 

Venkatesan et al. [58] employed steel slag (0-50%) and 

WS at a constant proportion of 20% to produce M30 grade 

concrete. The results presented that WS replaced sample 

exhibited slightly lower strength (CS: 29.70 MPa, FS: 3.80 

MPa, STS: 2.90 MPa) but steel slag incorporated sample 

had slightly higher strength (CS: 38.20 MPa, FS: 5.10 

MPa, STS: 3.90 MPa) than the control sample (CS: 31.40 

MPa, FS: 4.10 MPa, STS: 3.20 MPa). Moreover, the 

durability tests such as salt (NaCl) resistance, acid 

resistance (HCl) and sulphate resistance (MgSO4) showed 

that the sample containing 40% steel slag with WS had 

better resistance than the control sample. 

Table 5 

Setting time of nut shell blended mortar and concrete. 

Nut shell wastes References Type of cement used 
Setting time (min) 

Content (%) Initial Final 

GSA [67] OPC 0-50 95-436 155-812 

GSA [69] OPC 0-10 140-200 190-260 

GSA [119] OPC 0-6 90-152 150-211 

HSA [81] OPC (CEM I 42.50R) 0-30 136-5 254-40 

PSA [57] OPC (CEM I 32.50R) 0-30 100-300 250-720 

SNSA  [96] OPC 0-20 125-218 366-580 

SNSA [98] OPC 0-20 71-274 183-411 

 

Table 6 

Slump value of nut shell blended concrete. 

Nut shell 

wastes 
References Type of cement used 

Design 

strength 

Content 

(%) 
Slump (mm) 

GSA [51] OPC  0-75 52-5 

GSA [54] OPC 53 M30 0-15 24-27 

GSA [55] OPC 43 M20 0-12.50 82-45 

GSA [67] OPC  0-50 15-20 

GSA [70] OPC Type I  0-40 708-630 

GSA [118] OPC 53 M15 0-35 25-20 

GSA [119] OPC  0-6 38.50-29 

GSA [134] OPC 43  0-15 50-90 

GSA [136] OPC  0-12 45-40 

SNSA [96] OPC  0-20 115-57 

SNSA [97] OPC  0-30 30-20 

WS [58] OPC 53 M30 0-50 69-47 

WS [59] OPC Type I  0-50 800-510 

WS [113] OPC 42.50  0-75 120-90 

CNSP [45] OPC 53 M30 0-12 15-25 

CNSA [47] PLC (3×42.50R) M25 0-20 30 -75 

CNSA [48] PLC (3×42.50R) 
M25, M30, 

M40 
0-20 

M25 M30 M40 

75-47.50 72.50-42.50 62.50-35 

5. Discussion 

Section 4 reveals that several nut shell wastes were 

used in brick, mortar and concrete production to evaluate 

their properties. In the following section, the findings of 

the selected reviewed articles are discussed according to 

the related standards. 

5.1 Effects of nut shell wastes on the properties of unfired 

brick 

From section 4.1 it can be seen that researchers used 

ANSP [33, 34, 36] and WS [116] to produce unfired brick. 

The results showed that density, compressive strength and 

water absorption decreased with the incorporation of nut 

shell wastes. Poor adhesion between the clay matrix and 

the nut shell waste particles induced the decrease in 

strength and the decrease in water absorption can be 

explained on the basis of the non-absorbing characteristics 

of nut shell particles. However with the addition of 5% 

cement with ANSP and 7% lime + 3% gypsum with WS 

improved the compressive strength to 3.12 MPa (2% 
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ANSP)  and  6 MPa (5% WS) which met the requirements 

for unfired earth block construction specified in Sri 

Lankan Standard: SLS 1382 (2.80 MPa) [140], Brazilian 

Standard: NBR 8492 (2 MPa) [141] and Turkish Standard: 

TS 2514 (1 MPa) [142] (Fig. 2). The water absorption 

coefficients of ANSP blended samples were 10.10% to 

11% which were lower than the minimum limit stated in 

XP 13-901 Standard [122] (20%). Conversely, water 

absorption values of WS mixed samples were above 

(18.50 % to 30%) the threshold level specified in  Indian 

Standard: IS 1725 (15%) [143], Sri Lankan Standard: SLS 

1382 (15%) [140] and Brazilian Standard: NBR 8492 

(20%) [141]. The density ranged between 1825 kg/m3 to 

2062.50 kg/m3 for ANSP samples which met the Indian 

Standard: IS1725 [143] and Sri Lankan Standard: SLS 

1382 [140] of 1750 kg/m3 (Fig. 3). 

5.2 Effects of nut shell wastes on the properties of fired 

brick 

Section 4.2 shows that BNSA [43], HSP [75], CNSP 

[46] and GSA [53] were used to produce fired brick. It 

was observed that the density increased for increasing 

BNSA and HSP percentage and firing temperature. The 

density varied between 1440 kg/m3 to 1860 kg/m3 and 

1410 kg/m3 to 1700 kg/m3 at different temperatures for 

BNSA and HSP respectively. Also, the average maximum 

density of the GSA brick was obtained as 1426 kg/m3 

which met the minimum requirement as per BS 3921 

(1300 kg/m3 to 2200 kg/m3) [125] (Fig. 3). This increase 

in density is related to the good compactness between the 

materials that creates less voids in the samples. Besides, 

the highest compressive strength of BNSA and HSP brick 

varied between 8.75 MPa to 24 MPa and 30 MPa to 32 

MPa respectively at different temperatures. Moreover, 

GSA improved the compressive strength and the value 

ranged between 7 MPa to 17 MPa. These values fulfilled 

the minimum compressive strength requirements for 

building applications by Turkish Standard: TS EN 771-1 

[124] (7 MPa), Indonesian Standard: SNI 15-2094-2000 (5 

MPa) [144] and British Standards: BS 3921 [125], BS 

5628 [145] (5 MPa) (Fig. 2). However, the CNSP brick 

exhibited the highest compressive strength of 3.50 MPa 

which was below the recommended value. The porosity 

and crystallisation process completed by the firing 

temperature generally affect the compressive strength of 

the brick.  The firing temperature contributes to sealing the 

open pores leading to an increase in the compressive 

strength whereas the flabby nature of the waste particles 

allows the open pores to increase and hence, decreases the 

compressive strength. Furthermore, water absorption 

increased for waste addition and the values ranged 

between 21.25% to 33.33% (HSP) which were above the 

value stated in BS 5628 [145] (12% to 20%) and 

Indonesian Standard SNI 15-2094-2000 [144] (20%). On 

the other hand, minimum water absorption of CNSP (18%) 

and GSA (15.33%) satisfied both the above standards. 

Water absorption is directly related to the porosity and 

inversely linked to density. Hence, higher porosity and 

lower density cause greater water absorption. 

Table 7 

Standards followed by the reviewed articles. 

Brick 

Compressive strength test 

American Standard: ASTM C67-05 [53]; European Standard: NF XP P13-901-2001 [33, 34]; Mexican Standard:  NMX-C-

404-ONNCCE-2005 [116]; Brazilian Standard: NBR 8492-2012 [62]; Sri Lankan Standard: SLS 39-1978 [53] 

Flexural strength test 

American Standard: ASTM E72-15 [53]; Sri Lankan Standard: SLS 39-1978 [53] 

Density test 

American Standard: ASTM C20-00 [43, 75], ASTM C67-05 [53] 

Porosity test 

American Standard: ASTM C20-00 [43, 75] 

Water absorption test 

American Standard: ASTM C67-05 [53]  ASTM C20-00 [75]; European Standard: NF XP P13-901-2001 [33, 34]; Mexican 

Standard:  NMX-C-404-ONNCCE-2005 [116] 

Mortar 

Compressive strength test 

American Standard: ASTM C 109 -16 [57, 69, 98]; British Standard: BS 1881-Part 4-1989 [56]; European Standard: EN 

196-1-16  [81] 

Flexural strength test 

European Standard: EN 196-1-16  [81] 

Density test 

American Standard: ASTM C642-06 [56] 

Porosity test 

American Standard: ASTM C 642-13 [57]; Argentinian Standard: IRAM 12510 [66] 

Water absorption test 

American Standard: ASTM C 642-06/13 [56, 57]; British Standard: BS 1881-Part 122-1983 [69] 
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Concrete 

Compressive strength test 

American Standard: ASTM C618 -92 [67]; British Standard: BS EN 12390_3-2009 [47, 48, 119], BS 1881-Part 116-1983 

[50, 59, 112, 115, 118, 133]; Chinese Standard: GB/T 50081-2002 [113]; Indian Standard: IS 516-1959 [45, 54, 132, 134], 

BIS 516-2004 [52] 

Flexural strength test 

American Standard: ASTM D7958/D7958M -17 [64], ASTM C78-84 [45]; British Standard: BS EN 12390_5 [47, 48], BS 

1881-Part 117-1983 [112]; Indian Standard: IS 516-1959 [132, 134], BIS 9399-2013 [52] 

Splitting tensile strength test 

American Standard: ASTM C496-90 [45, 112]; British Standard: BS EN 12390_6 [47, 48], BS 1881-Part118-1983 [112]; 

Chinese Standard: GB/T 50081-2002 [113]; Indian Standard: IS: 5816-1999 [54] 

Slump test 

American Standard: ASTM C143-15 [52]; British Standard: BS EN 12350_2-2009 [47, 48, 119], BS 1881-125-1986 [96]; 

Indian Standard: IS 1199–1959 [58] 

Density test 

American Standard: ASTM C 138-86 [112] 

Water absorption test 

American Standard: ASTM C-642-06 [70]; British Standard: BS 812: Part 2-95 [70, 119] 

Ultrasonic pulse velocity test 

American Standard: ASTM C597-09 [59]; Indian Standard: IS 13311-Part 1-1992 [134] 

 

Fig. 2. Maximum compressive strength of nut shell waste-blended samples. 
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Fig. 3. Density of nut shell waste-blended samples. 

5.3 Effects of nut shell wastes on the properties of mortar 

SNSA [98], PSA [57], PSP [56], HSA [81], HSP [82], 

CNSA [19, 126] and GSA [69, 121] were used by several 

investigators to replace cement in mortar.  For SNSA, PSA 

and GSA [69] mortar setting time increased as the 

replacement percentage increased (see Table 5) which 

were above the EN 197-1 (2011) [128] requirement (≥45 

min). Ketkukah and Ndububa [69] explained that the less 

tricalcium illuminate (C3A) generated by the ash material 

is responsible for this increase in setting time. On the 

contrary, with the increase of HSA percentage, the setting 

time of the mortar reduced which did not satisfy the 

standard requirement. This is because HSA acted as a set 

accelerator in the mixture decreasing the setting time by 

transitioning the blend from plastic to a rigid state. The 

maximum 28-d compressive strength for CNSA, HSA, 

PSA, PSP, HSP mortar were 35.16 MPa, 40.67 MPa, 

42.50 MPa, 51.54 MPa and 55.09 MPa respectively which 

were higher than the minimum compressive strength 

requirement (≥32.5 MPa for 28-d) stated in EN 197-1 

(2011) [128] (Fig. 2). The finer waste particles enhanced 

the interactions between the particles and the surrounding 

matrix by increasing the surface area to volume ratio in the 

mixture, thereby improving the strength. However, the 

compressive strength of mortar with GSA (3.31 MPa) [69] 

and SNSA (3.25 MPa) did not conform to the above-

mentioned standard but satisfied the Nigerian Industrial 

Standard [129] (2.50 MPa) and BS EN 998-2 for M1 and 

M2.50 mortar classes (1 MPa to 2.50 MPa) [130]. The 

decrease in compressive strength may be attributed to the 

poor workability of the blend resulted from the water 

absorption by the waste materials. In addition, an 

inadequate amount of oxide and a low density of waste 

particles can lead to a reduction in strength. Furthermore, 

BS EN 998-2 specifies the density of lightweight masonry 

mortars to be less than or equal to 1300 kg/m³. The density 

of PSP and GSA mortar were found ranging between 1000 

kg/m3 to 2207.97 kg/m3 and 2152 kg/m3 to 2287 kg/m3 

[69] (Fig. 3). Besides, water absorption varied between 

0.80% to 6.04% (PSP), 2.12% to 4.16% (CNSA) [126], 

7.83% to 9.19% (GSA) [69]. The lower density of the nut 

shell particles caused to decrease the density while the 

porous nature and higher absorption capacity of the waste 

particles may induce an increase in water absorption. 

5.4 Effects of nut shell wastes on the properties of concrete 

The chemical composition analysis indicated that the 

CNSA, GSA and SNSA fulfilled the chemical pozzolanic 

requirements specified by the ASTM C 618-9 [146] BS 

EN 450_1 [147] and BS EN 8615_2 [148] in that the sum 

of SiO2, Al2O3 and Fe2O3 met the minimum requirement 

of 50-70% (see Table 2). The results of the studies showed 

that the setting times delayed with an increase in the 

SNSA [96] and GSA content [67, 119] in the mixture. 

This delay was caused by the low calcium substances in 

the nut shell ashes which declined the hydraulic reactivity 
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in the mixture. According to the ACI [149], the slump 

should not exceed 100 mm whereas BS EN 12350-2 [150] 

and IS 456 [151]  specify maximum slump up to 150 mm. 

From Table 6 it can be seen that slump of SNSA 115 mm 

to 57 mm [96], WS 120 mm to 90 mm [113], GSA 82 mm 

to 80 mm [55] were within the limit stated in the 

standards. The reason for the reduction in slump can be 

related to the finer particle size, higher carbon content and 

higher specific surface area of waste particles than the 

cement used. Such features are responsible for an 

increment in the water requirement that renders concrete 

impermeable and highly cohesive. Besides, the highest 28-

d compressive strengths of WS blended samples were 

40.73 MPa [115], 49 MPa [59] and for GSA it was 41.33 

MPa [54], 49 MPa [70], 38.44 MPa [134], 40.59 MPa [51] 

which met the ASTM C 330 (17 MPa to 28 MPa) [152] 

and ACI 211 (15 MPa to 40 MPa) [149] (Fig. 2). On the 

other hand, peak compressive strength of GNP 25.60 MPa 

[135], SNSA (28.22 MPa) [97] and CNSA (30 MPa) [47] 

did not satisfy the standards. The filling capacity of the nut 

shell waste particle in the mixture can explain the increase 

in strength. Also, the findings differed in literature with 

similar waste incorporation due to the variations in 

chemical and mineralogical compositions of the waste 

particle used. A higher C2S/C3S ratio present in the waste 

particle improved the compressive strength while the poor 

fluidity caused a lower compressive strength by producing 

an increased void ratio in the blend. The maximum 

densities of different nut shell waste blended concrete 

were 2420 kg/m3 (WS) [115], 2000 kg/m3 (GSP) [50], 

2533.33 kg/m3 (GSA) [51], 2125 kg/m3 (GSA) [133], 

2301 kg/m3 (GSA) [68] which were above the values 

stated in ASTM C 330 (1600kg/m3 to 1840 kg/m3) [152] 

for normal weight (NW) and lightweight aggregate (LW) 

(Fig. 3). The decrease in density can be explained by the 

lower specific gravity of the waste particles and the 

formation of voids due to the particle size and shape. 

Moreover, the water absorption of WS concrete was found 

1.20% to 0.73% [115] whereas for CNSA it was 0.68% to 

1.98% [49]. The hygroscopic nature of the waste particles 

increased the water absorption of the mixture. 

6. Conclusion 

The present article has studied the utilisation of certain 

nut shell wastes (Argan nut, Brazil nut, Cashew nut, 

Groundnut, Hazelnut, Pistachio, Shea nut and Walnut) in 

making brick, mortar and concrete. Different properties of 

the produced samples are discussed in accordance with 

relevant standards and the following conclusions can be 

drawn based on the review: 

▪    In contrast to concrete manufacturing, there has 

been an insufficient number of studies carried out 

on the use of nut shell wastes in brick production. 

Besides, the most examined physico-mechanical 

properties of manufactured materials were density, 

compressive strength and water absorption. The 

assessment of the durability properties of any 

building material is crucial prior to its practical 

application. Though, it has been observed that 

limited research addressed the durability of nut shell 

waste-based materials i.e. the effect of sulphate, salt 

and acid attack test and depth of chloride 

penetration test. Moreover, the thermal properties of 

the waste-blended samples were rarely investigated. 

In addition, very few studies analysed the cost 

comparison of the developed materials with 

conventional materials. However, an extensive 

review of various studies presented that the effects 

of incorporation of nut shell wastes on the 

properties of brick, mortar and concrete depend on 

the mixture proportions and replacement level as 

well as on the physical and chemical properties of 

the nut shell particles. 

▪    The density, water absorption and thermal 

conductivity of unfired bricks were found to 

decrease with the addition of ANSP and WS due to 

the low density, non-absorbing and low thermal 

conductivity characteristics of the nut shell. 

Besides, the weak bond between the nut shell 

particles and clay matrix led to a drop in brick 

strength. The studies suggested that the optimum 

percentages of ANSP and WN to produce unfired 

brick should be 2% and 5% respectively. 

▪    It has been observed that in the production of fired 

brick, the densities increased with increasing the 

percentage of BNSA and HSP which refers to the 

good compaction between the materials in the 

mixture minimising the voids. However, 

incorporation of CNSP increased the water 

absorption of the brick sample due to its high 

absorption potential. On the other hand, high-level 

SiO2 content in GSA particle induced an increase in 

strength and its soft nature contributed to decreasing 

the open pores in the samples which lowered the 

water absorption value. It was revealed that 10% 

BNSA, HSP and CNSP can produce brick with 

acceptable physical and mechanical properties while 

for GSA the optimum percentage was found 4%. 

▪    The CNSA, GSA and SNSA met the standard-

specified chemical pozzolanic requirements for 

mortar and concrete production. The literature 

findings with the identical waste incorporation 

differed because of variations in the chemical 

structure and physical characteristics of the utilised 

nut shell. For example, nut shells with lower 

specific gravity reduced the density of the mortar 

and concrete. A reduction in density can also be 

caused by particle size and shape, which are linked 

to void formation in the mixture. Besides, the 

strength was improved by the increased filling 

capacity of finer waste particles (CNSA, HSP, 

HSA, PSP and PSA). But there was a decrease in 

strength due to the poor workability of the blend 

which was caused by a higher water absorption 

quality of the nut shell particles (SNSA, GSP and 

GSA). Moreover, the lack of oxide and lower 

density of the nut shell particle may also be 

associated with this reduction. Furthermore, 



17 

 

inadequate calcium content in the nut shell particle 

(SNSA and GSA) resulted in longer setting times 

and decreased the workability of the concrete. Also, 

the shape (concave and convex) of WS caused to 

develop frameworks of aggregates in the blend 

which resisted the flow and decreased the slump 

value. It was noticed that 10-25% WS, 15% CNSA, 

8% CNSP, 10-15% GSA, 10% SNSA and 10% GSP 

achieved the optimum strength for cement 

replacement in concrete. In mortar 5% cement 

replacement by HSA, PSA and SNSA obtained the 

highest strength while for PSP, GSA and CNSA the 

optimum percentages were 10%, 15% and 20% 

respectively. 

The partial substitution of conventional aggregate by 

the nut shell wastes can contribute considerably to cost-

effectiveness as well as provide an efficient solution to 

global waste management. Consequently, the enhancement 

of current knowledge on the utilisation of potential 

agricultural wastes for building material production is 

essential to make the construction sector environmentally 

sustainable. Therefore, this study will assist to create a 

database in the development of brick, mortar and concrete 

incorporating different potential nut shell waste materials 

which will be supportive of the building material 

manufacturers.  

References

 

[1] United Nations, Peace, dignity and equality on a healthy planet. 

https://www.un.org/en/sections/issues-depth/population/. (Accessed 02 
December 2020. 

[2] R. Latawiec, P. Woyciechowski, K.J. Kowalski, Sustainable concrete 
performance—CO2-emission, Environments 5(2) (2018) 27, 

https://doi.org/10.3390/environments5020027. 

[3] A.J. Nath, R. Lal, A.K. Das, Fired bricks: CO2 emission and food 
insecurity, Global Challenges 2 (2018), 

https://doi.org/10.1002/gch2.201700115. 

[4] E. Aprianti S, A huge number of artificial waste material can be 
supplementary cementitious material (SCM) for concrete production–a 

review part II, Journal of Cleaner Production 142 (2017) 4178-4194, 

https://doi.org/10.1016/j.jclepro.2015.12.115. 
[5] X. Zhang, J. Shen, Y. Wang, Y. Qi, W. Liao, W. Shui, L. Li, H. Qi, 

X. Yu, An environmental sustainability assessment of China’s cement 

industry based on emergy, Ecological Indicators 72 (2017) 452-458, 
https://doi.org/10.1016/j.ecolind.2016.08.046. 

[6] A.M. Rashad, A brief on high-volume Class F fly ash as cement 

replacement–A guide for Civil Engineer, International Journal of 
Sustainable Built Environment 4 (2015) 278-306, 

https://doi.org/10.1016/j.ijsbe.2015.10.002. 

[7] D. Hoornweg, P. Bhada-Tata, What a waste: a global review of solid 
waste management, Urban development series, knowledge papers no. 15, 

World Bank 15 (2012) 116, http://hdl.handle.net/10986/17388. 

[8] D. Broitman, O. Raviv, O. Ayalon, I. Kan, Designing an agricultural 
vegetative waste-management system under uncertain prices of 

treatment-technology output products, Waste Management 75 (2018) 37-

43, https://doi.org/10.1016/j.wasman.2018.01.041. 
[9] K. He, J. Zhang, Y. Zeng, Knowledge domain and emerging trends of 

agricultural waste management in the field of social science: A 

scientometric review, Science of The Total Environment 670 (2019) 236-
244, https://doi.org/10.1016/j.scitotenv.2019.03.184. 

[10] R.G. Martinez, Hygrothermal assessment of a prefabricated timber-

frame construction based in hemp, Procedia Environmental Sciences 38 
(2017) 729-736, https://doi.org/10.1016/j.proenv.2017.03.155. 

[11] M. Sinka, A. Korjakins, D. Bajare, Z. Zimele, G. Sahmenko, Bio-

based construction panels for low carbon development, Energy Procedia 
147 (2018) 220-226, https://doi.org/10.1016/j.egypro.2018.07.063. 

[12] D. Jones, C. Brischke, Performance of bio-based building materials, 

Woodhead Publishing 2017. 
[13] B. Brunklaus, E. Riise, Bio-based Materials Within the Circular 

Economy: Opportunities and Challenges, Designing Sustainable 

Technologies, Products and Policies, Springer, Cham 2018, pp. 43-47. 
[14] A. Sandak, J. Sandak, M. Brzezicki, A. Kutnar, Bio-based building 

skin, Springer Nature, Singapore, 2019. 

[15] N. Jannat, A. Hussien, B. Abdullah, A. Cotgrave, Application of 
agro and non-agro waste materials for unfired earth blocks construction: 

A review, Construction and Building Materials 254 (2020), 

https://doi.org/10.1016/j.conbuildmat.2020.119346. 
[16] A. Al-Fakih, B.S. Mohammed, M.S. Liew, E. Nikbakht, 

Incorporation of waste materials in the manufacture of masonry bricks: 

An update review, Journal of Building Engineering 21 (2019) 37-54, 

https://doi.org/10.1016/j.jobe.2018.09.023. 

[17] J.K. Prusty, S.K. Patro, Properties of fresh and hardened concrete 
using agro-waste as partial replacement of coarse aggregate–A review, 

Construction and Building Materials 82 (2015) 101-113, 
https://doi.org/10.1016/j.conbuildmat.2015.02.063. 

[18] J.K. Prusty, S.K. Patro, S.S. Basarkar, Concrete using agro-waste as 

fine aggregate for sustainable built environment–A review, International 
Journal of Sustainable Built Environment 5(2) (2016) 312-333, 

https://doi.org/10.1016/j.ijsbe.2016.06.003. 

[19] V. Thirumurugan, S.G.V. Raj, K. Dheenadhayalan, Experimental 
Study on Strength of Concrete by Partial Replacement of Cement by 

Cashew Nut Shell Ash (CNSA) and Chicken Feather Fiber (CFF) as 

Fiber Reinforcement, International Journal for Advance Research and 
Development 3(3) (2018) 238-242, 

https://www.ijarnd.com/manuscripts/v3i3/V3I3-1223.pdf. 

[20] B.K. Stefanowski, S.F. Curling, G.A. Ormondroyd, Assessment of 
lignocellulosic nut wastes as an absorbent for gaseous formaldehyde, 

Industrial Crops and Products 98 (2017) 25-28, 

https://doi.org/10.1016/j.indcrop.2017.01.012. 
[21] M.B. Ogundiran, J.O. Babayemi, C.G. Nzeribe, Application of 

Waste Cashew Nut Shell Ash Showed Significant Reduction in Mobility 

of Pb and Cd in Waste Battery Contaminated Soil, The Pacif. J. Sci. 
Technol. 12(2) (2011) 121-126, 

http://www.akamaiuniversity.us/PJST12_2_472.pdf. 

[22] A. Sujatha, S.D. Balakrishnan, Properties of Coconut Shell 
Aggregate Concrete: A Review, Advances in Civil Engineering  (2020) 

759-769, https://link.springer.com/chapter/10.1007/978-981-15-5644-

9_60. 
[23] H.M. Hamada, B.S. Thomas, B. Tayeh, F.M. Yahaya, K. 

Muthusamy, J. Yang, Use of oil palm shell as an aggregate in cement 

concrete: A review, Construction and Building Materials 265 (2020), 
https://doi.org/10.1016/j.conbuildmat.2020.120357. 

[24] K.H. Mo, B.S. Thomas, S.P. Yap, F. Abutaha, C.G. Tan, Viability of 

agricultural wastes as substitute of natural aggregate in concrete: a review 
on the durability-related properties, Journal of Cleaner Production 275 

(2020), https://doi.org/10.1016/j.jclepro.2020.123062. 

[25] The International Nut and Dried Fruit Council Foundation (INC), 
Nuts & Dried Fruits Statistical Yearbook, 2020. 

[26] Food and Agriculture Organisation, FAOSTAT Data, 2018. 

http://www.fao.org/faostat/en/#data/QC. (Accessed 04 December 2020. 
[27] U.J. Alengaram, B.A. Al Muhit, M.Z. Bin Jumaat, Utilization of oil 

palm kernel shell as lightweight aggregate in concrete–A review, 

Construction and Building Materials 38 (2013) 161-172, 
https://doi.org/10.1016/j.conbuildmat.2012.08.026. 

[28] Z. Charrouf, M. Hilali, O. Jauregui, M. Soufiaoui, D. Guillaume, 

Separation and characterization of phenolic compounds in argan fruit 
pulp using liquid chromatography–negative electrospray ionization 

tandem mass spectroscopy, Food Chemistry 100(4) (2007) 1398-1401, 

https://doi.org/10.1016/j.foodchem.2005.11.031. 
[29] A. Derouiche, Physical property of swelling of composite wood 

made from argan nut shell, 3rd International Congress of Argan, 2015. 

https://www.un.org/en/sections/issues-depth/population/
https://doi.org/10.3390/environments5020027
https://doi.org/10.1002/gch2.201700115
https://doi.org/10.1016/j.jclepro.2015.12.115
https://doi.org/10.1016/j.ecolind.2016.08.046
https://doi.org/10.1016/j.ijsbe.2015.10.002
http://hdl.handle.net/10986/17388
https://doi.org/10.1016/j.wasman.2018.01.041
https://doi.org/10.1016/j.scitotenv.2019.03.184
https://doi.org/10.1016/j.proenv.2017.03.155
https://doi.org/10.1016/j.egypro.2018.07.063
https://doi.org/10.1016/j.conbuildmat.2020.119346
https://doi.org/10.1016/j.jobe.2018.09.023
https://doi.org/10.1016/j.conbuildmat.2015.02.063
https://doi.org/10.1016/j.ijsbe.2016.06.003
https://www.ijarnd.com/manuscripts/v3i3/V3I3-1223.pdf
https://doi.org/10.1016/j.indcrop.2017.01.012
http://www.akamaiuniversity.us/PJST12_2_472.pdf
https://link.springer.com/chapter/10.1007/978-981-15-5644-9_60
https://link.springer.com/chapter/10.1007/978-981-15-5644-9_60
https://doi.org/10.1016/j.conbuildmat.2020.120357
https://doi.org/10.1016/j.jclepro.2020.123062
http://www.fao.org/faostat/en/#data/QC
https://doi.org/10.1016/j.conbuildmat.2012.08.026
https://doi.org/10.1016/j.foodchem.2005.11.031


18 

 

[30] H. Essabir, E. Hilali, A. Elgharad, H. El Minor, A. Imad, A. 

Elamraoui, O. Al Gaoudi, Mechanical and thermal properties of bio-
composites based on polypropylene reinforced with Nut-shells of Argan 

particles, Materials & Design 49 (2013) 442-448, 

https://doi.org/10.1016/j.matdes.2013.01.025. 
[31] H. Essabir, M. El Achaby, R. Bouhfid, A. Qaiss, Morphological, 

structural, thermal and tensile properties of high density polyethylene 

composites reinforced with treated argan nut shell particles, Journal of 
Bionic Engineering 12(1) (2015) 129-141, 

https://doi.org/10.1016/S1672-6529(14)60107-4. 

[32] H. Essabir, M.O. Bensalah, D. Rodrigue, R. Bouhfid, Biocomposites 
based on Argan nut shell and a polymer matrix: effect of filler content 

and coupling agent, Carbohydrate Polymers 143 (2016) 70-83, 

https://doi.org/10.1016/j.carbpol.2016.02.002. 
[33] M. Tatane, H. Akhzouz, H. Elminor, M.b. Feddaoui, Thermal, 

Mechanical and Physical Behavior of Compressed Earth Blocks Loads 

by Natural Wastes, International Journal of Civil Engineering and 
Technology 9 (2018) 1353-1368, 

http://www.iaeme.com/ijciet/issues.asp?JType=IJCIET&VType=9&ITyp

e=6. 

[34] M. Tatane, H. Elminor, M. Ayeb, A. Lacherai, M. Feddaoui, F.A. 

Nouh, L. Boukhattem, Effect of argan nut shell powder on thermal and 

mechanical behavior of compressed earth blocks, International Journal of 
Applied Engineering Research 13(7) (2018) 4740-4750, 

https://www.iaeme.com/MasterAdmin/Journal_uploads/IJCIET/VOLUM

E_9_ISSUE_6/IJCIET_09_06_152.pdf. 
[35] A. El Moumen, F. N'Guyen, T. Kanit, A. Imad, Mechanical 

properties of poly–propylene reinforced with Argan nut shell aggregates: 

Computational strategy based microstructures, Mechanics of Materials 
145 (2020), https://doi.org/10.1016/j.mechmat.2020.103348. 

[36] H. Akhzouz, H. El Minor, M. Tatane, A. Bendarma, Physical 

characterization of bio-composite CEB stabilized with Argan nut shell 
and cement, Materials Today: Proceedings  (2020), 

https://doi.org/10.1016/j.matpr.2020.05.522. 

[37] S.M. de Oliveira Brito, H.M.C. Andrade, L.F. Soares, R.P. de 
Azevedo, Brazil nut shells as a new biosorbent to remove methylene blue 

and indigo carmine from aqueous solutions, Journal of Hazardous 

Materials 174(1-3) (2010) 84-92, 
https://doi.org/10.1016/j.jhazmat.2009.09.020. 

[38] K.A. Kainer, L.H.O. Wadt, C.L. Staudhammer, Explaining variation 

in Brazil nut fruit production, Forest Ecology and Management 250(3) 
(2007) 244-255, https://doi.org/10.1016/j.foreco.2007.05.024. 

[39] M.R. Guariguata, P. Cronkleton, A.E. Duchelle, P.A. Zuidema, 

Revisiting the ‘cornerstone of Amazonian conservation’: a 
socioecological assessment of Brazil nut exploitation, Biodiversity and 

Conservation 26(9) (2017) 2007-2027, 

https://link.springer.com/article/10.1007/s10531-017-1355-3. 
[40] P.R. Bonelli, P.A. Della Rocca, E.G. Cerrella, A.L. Cukierman, 

Effect of pyrolysis temperature on composition, surface properties and 

thermal degradation rates of Brazil Nut shells, Bioresource Technology 
76(1) (2001) 15-22, https://doi.org/10.1016/S0960-8524(00)00085-7. 

[41] R.I.M. Leandro, J.J.d.C. Abreu, C.d.S. Martins, I.S. Santos, M.L. 
Bianchi, J.R.C. Nobre, Elementary, Chemical and Energy Characteristics 

of Brazil Nuts Waste (Bertholletia excelsa) in the State of Pará, Floresta e 

Ambiente 26 (2019), https://doi.org/10.1590/2179-8087.043618. 
[42] M.K.D. Rambo, G.P. Alexandre, M.C.D. Rambo, A.R. Alves, W.T. 

Garcia, E. Baruque, Characterization of biomasses from the north and 

northeast regions of Brazil for processes in biorefineries, Food Science 
and Technology 35(4) (2015) 605-611, http://dx.doi.org/10.1590/1678-

457X.6704. 

[43] E. Escalera, G. Garcia, R. Terán, R. Tegman, M.-L. Antti, M. Odén, 
The production of porous brick material from diatomaceous earth and 

Brazil nut shell ash, Construction and Building Materials 98 (2015) 257-

264, https://doi.org/10.1016/j.conbuildmat.2015.08.003. 
[44] M. Sonego, C. Fleck, L.A. Pessan, Mesocarp of brazil nut 

(Bertholletia excelsa) as inspiration for new impact resistant materials, 

Bioinspiration & Biomimetics 14(5) (2019), 
https://iopscience.iop.org/article/10.1088/1748-3190/ab2298. 

[45] C. Pavithra, A. Arokiaprakash, A. Maheshwari, Behaviour of 

concrete adding chicken feather as fibre with partial replacement of 
cement with Cashewnut shell powder, Materials Today: Proceedings  

(2020), https://doi.org/10.1016/j.matpr.2020.08.731. 

[46] S. Santhoshkumar, R.S.A. Ram, A.P.Y. Mangaladurai, L. Kokila, 
Utilization of Rice Husk and Cashew Nut Shells in Bricks, International 

Journal of Innovative Research in Science, Engineering and Technology 

6(3) (2017) 3802-3808, https://doi.org/10.15680/IJIRSET.2017.0603148. 
[47] S. Oyebisi, T. Igba, D. Oniyide, Performance evaluation of cashew 

nutshell ash as a binder in concrete production, Case Studies in 

Construction Materials 11 (2019), 
https://doi.org/10.1016/j.cscm.2019.e00293. 

[48] S. Oyebisi, T. Igba, A. Raheem, F. Olutoge, Predicting the splitting 

tensile strength of concrete incorporating anacardium occidentale nut 
shell ash using reactivity index concepts and mix design proportions, 

Case Studies in Construction Materials 13 (2020), 

https://doi.org/10.1016/j.cscm.2020.e00393. 
[49] K. Pandi, K. Ganesan, Effect of water absorption and sorptivity of 

concrete with partial replacement of cement by cashew nut shell ash, 

Australian Journal of Basic and Applied Sciences 9(23) (2015) 311-316. 
[50] K.H. Tata, M. Sani, O.O. Ekundayo, K. Frederick, Feasibility study 

of the use of groundnut shells as fine aggregates in lightweight concrete 

construction, International Journal of Advanced Research in Engineering 
1(1) (2015) 13-16, http://dx.doi.org/10.24178/ijare.2015.1.1.13. 

[51] B.H. Sada, Y.D. Amartey, S. Bakoc, An Investigation Into the Use 

of Groundnut as Fine Aggregate Replacement, Nigerian Journal of 

Technology 32(1) (2013) 54-60, 

https://www.nijotech.com/index.php/nijotech/article/view/611. 

[52] S. Kanchidurai, T. Nanthini, P. Jai Shankar, Experimental Studies 
on Sisal Fibre Reinforced Concrete with Groundnut Shell Ash, ARPN 

Journal of Engineering and Applied Sciences 12(21) (2017) 5914-5920, 

http://www.arpnjournals.org/jeas/research_papers/rp_2017/jeas_1117_64
37.pdf. 

[53] P.R. Fernando, L.A. Devika Madushani, M. Praththana, H.M. 

Nanayakkara, Synthesis and Characterization of Clay Brick Using Waste 
Groundnut Shell Ash, Journal of Waste Resources and Recycling 1(1) 

(2018) 101. 

[54] M.V.S. Reddy, K. Sasi, K. Ashalatha, M. Madhuri, Groundnut Shell 
Ash as Partial Replacement of Cement in Concrete, Research Journal of 

Science and Technology 9(3) (2017) 313-316, 

http://doi.org/10.5958/2349-2988.2017.00056.0. 
[55] M.V. Kumar, K. Lemessa, Behavior of Concrete with Agro and 

Industry Waste as a Replacement for Constitutive Materials, American 

Journal of Engineering Research 6(3) (2017) 79-85, 
http://www.ajer.org/papers/v6(03)/N06037985.pdf. 

[56] Z.H.A. Alsalami, Study the effect of partially replacement sand by 

waste pistachio shells in cement mortar, Applied Adhesion Science 5(1) 
(2017) 1-12, https://doi.org/10.1186/s40563-017-0099-3. 

[57] İ. Tekin, İ. Dirikolu, H.S. Gökçe, A regional supplementary 

cementitious material for the cement industry: Pistachio shell ash, Journal 
of Cleaner Production  (2020), 

https://doi.org/10.1016/j.jclepro.2020.124810. 

[58] B. Venkatesan, V.J. Lijina, V. Kannan, P.R. Dhevasenaa, Partial 
replacement of fine aggregate by steel slag and coarse aggregate by 

walnut shell in concrete, Materials Today: Proceedings  (2020), 

https://doi.org/10.1016/j.matpr.2020.07.361. 
[59] N.N. Hilal, M.F. Sahab, T.K.M. Ali, Fresh and hardened properties 

of lightweight self-compacting concrete containing walnut shells as 
coarse aggregate, Journal of King Saud University-Engineering Sciences  

(2020), https://doi.org/10.1016/j.jksues.2020.01.002. 

[60] P. Das, T. Sreelatha, A. Ganesh, Bio oil from pyrolysis of cashew 
nut shell-characterisation and related properties, Biomass and Bioenergy 

27(3) (2004) 265-275, https://doi.org/10.1016/j.biombioe.2003.12.001. 

[61] T.F. Akinhanmi, V.N. Atasie, P.O. Akintokun, Chemical 
composition and physicochemical properties of cashew nut (Anacardium 

occidentale) oil and cashew nut shell liquid, Journal of Agricultural, Food 

and Environmental Sciences 2(1) (2008) 1-10. 
[62] F.P. de Araújo, J.A. Osajima, J.S.N. de Souza, M.B. Furtini, Study 

on the Influence of the Wastes from Cashew Industry on 

Environmentally Friendly Bricks, Materials Science Forum, Trans Tech 
Publ, 2018, pp. 120-124, 

https://doi.org/10.4028/www.scientific.net/MSF.930.120. 

[63] A. Anagonou, V. Songmene, T. Godjo, J. Kouam, Recycling Of 
West African Cashew Nut Shells Waste In Asphalt Concrete: Impact On 

The Physico-Mechanical Properties Of Asphalt Concrete, International 

Journal of Advanced Research and Publications 4(2) (2020) 96-106, 
http://www.ijarp.org/published-research-papers/feb2020/Recycling-Of-

West-African-Cashew-Nut-Shells-Waste-In-Asphalt-Concrete-Impact-

On-The-Physico-mechanical-Properties-Of-Asphalt-Concrete.pdf. 

https://doi.org/10.1016/j.matdes.2013.01.025
https://doi.org/10.1016/S1672-6529(14)60107-4
https://doi.org/10.1016/j.carbpol.2016.02.002
http://www.iaeme.com/ijciet/issues.asp?JType=IJCIET&VType=9&IType=6
http://www.iaeme.com/ijciet/issues.asp?JType=IJCIET&VType=9&IType=6
https://www.iaeme.com/MasterAdmin/Journal_uploads/IJCIET/VOLUME_9_ISSUE_6/IJCIET_09_06_152.pdf
https://www.iaeme.com/MasterAdmin/Journal_uploads/IJCIET/VOLUME_9_ISSUE_6/IJCIET_09_06_152.pdf
https://doi.org/10.1016/j.mechmat.2020.103348
https://doi.org/10.1016/j.matpr.2020.05.522
https://doi.org/10.1016/j.jhazmat.2009.09.020
https://doi.org/10.1016/j.foreco.2007.05.024
https://link.springer.com/article/10.1007/s10531-017-1355-3
https://doi.org/10.1016/S0960-8524(00)00085-7
https://doi.org/10.1590/2179-8087.043618
http://dx.doi.org/10.1590/1678-457X.6704
http://dx.doi.org/10.1590/1678-457X.6704
https://doi.org/10.1016/j.conbuildmat.2015.08.003
https://iopscience.iop.org/article/10.1088/1748-3190/ab2298
https://doi.org/10.1016/j.matpr.2020.08.731
https://doi.org/10.15680/IJIRSET.2017.0603148
https://doi.org/10.1016/j.cscm.2019.e00293
https://doi.org/10.1016/j.cscm.2020.e00393
http://dx.doi.org/10.24178/ijare.2015.1.1.13
https://www.nijotech.com/index.php/nijotech/article/view/611
http://www.arpnjournals.org/jeas/research_papers/rp_2017/jeas_1117_6437.pdf
http://www.arpnjournals.org/jeas/research_papers/rp_2017/jeas_1117_6437.pdf
http://doi.org/10.5958/2349-2988.2017.00056.0
http://www.ajer.org/papers/v6(03)/N06037985.pdf
https://doi.org/10.1186/s40563-017-0099-3
https://doi.org/10.1016/j.jclepro.2020.124810
https://doi.org/10.1016/j.matpr.2020.07.361
https://doi.org/10.1016/j.jksues.2020.01.002
https://doi.org/10.1016/j.biombioe.2003.12.001
https://doi.org/10.4028/www.scientific.net/MSF.930.120
http://www.ijarp.org/published-research-papers/feb2020/Recycling-Of-West-African-Cashew-Nut-Shells-Waste-In-Asphalt-Concrete-Impact-On-The-Physico-mechanical-Properties-Of-Asphalt-Concrete.pdf
http://www.ijarp.org/published-research-papers/feb2020/Recycling-Of-West-African-Cashew-Nut-Shells-Waste-In-Asphalt-Concrete-Impact-On-The-Physico-mechanical-Properties-Of-Asphalt-Concrete.pdf
http://www.ijarp.org/published-research-papers/feb2020/Recycling-Of-West-African-Cashew-Nut-Shells-Waste-In-Asphalt-Concrete-Impact-On-The-Physico-mechanical-Properties-Of-Asphalt-Concrete.pdf


19 

 

[64] A. McIsaac, K. Mak, A. Fam, Influence of Resin Biocontent and 

Type on Bond Strength between FRP Wet Layup and Concrete, Journal 
of Composites for Construction 23(4) (2019), 

https://doi.org/10.1061/(ASCE)CC.1943-5614.0000955. 

[65] M.-A. Perea-Moreno, F. Manzano-Agugliaro, Q. Hernandez-
Escobedo, A.-J. Perea-Moreno, Peanut shell for energy: Properties and its 

potential to respect the environment, Sustainability 10(9) (2018), 

https://doi.org/10.3390/su10093254. 
[66] N. Quaranta, M. Caligaris, G. Pelozo, A. Cesari, A. Cristobal, Use of 

wastes from the peanut industry in the manufacture of building materials, 

International Journal of Sustainable Development and Planning 13(8) 
(2018) 662 - 670, https://doi.org/10.2495/SDP-V13-N4-662-670. 

[67] H. Mahmoud, Z.A. Belel, C. Nwakaire, Groundnut shell ash as a 

partial replacement of cement in sandcrete blocks production, 
International Journal of Development and Sustainability 1(3) (2012) 

1026-1032, https://isdsnet.com/ijds-v1n3-29.pdf. 

[68] T.C. Nwofor, S. Sule, Stability of groundnut shell ash 
(GSA)/ordinary Portland cement (OPC) concrete in Nigeria, Advances in 

Applied Science Research 3(4) (2012) 2283-2287, 

https://www.imedpub.com/articles/stability-of-groundnut-shell-ash-

gsaordinary-portland-cement-opcconcrete-in-nigeria.pdf. 

[69] T.S. Ketkukah, E.E. Ndububa, Ground Nut Husk Ash (GHA) as a 

Partial Replacement of Cement in Mortar, Nigerian Journal of 
Technology 25(2) (2006) 84-90, 

https://www.ajol.info/index.php/njt/article/view/123377. 

[70] T.A. Buari, F.A. Olutoge, G.M. Ayinnuola, O.M. Okeyinka, J.S. 
Adeleke, Short term durability study of groundnut shell ash blended self 

consolidating high performance concrete in sulphate and acid 

environments, Asian Journal of Civil Engineering 20 (2019) 649-658, 
https://doi.org/10.1007/s42107-019-00131-3. 

[71] O. Bobet, S. Nassio, M. Seynou, B. Remy, L. Zerbo, I. Sanou, M. 

Sawadogo, Y. Millogo, E. Gilles, Characterization of Peanut Shells for 
Their Valorization in Earth Brick, Journal of Minerals and Materials 

Characterization and Engineering 8 (2020) 301-315, 

https://doi.org/10.4236/jmmce.2020.84018. 
[72] E. Demirkaya, O. Dal, A. Yüksel, Liquefaction of waste hazelnut 

shell by using sub-and supercritical solvents as a reaction medium, The 

Journal of Supercritical Fluids 150 (2019) 11-20, 
https://doi.org/10.1016/j.supflu.2019.03.019. 

[73] L.P.C. Lopes, J. Martins, B. Esteves, L.T. De Lemos, New products 

from hazelnut shell, ECOWOOD 2012-5th International Conference on 
Environmentally Compatible Forest Products, Fernando Pessoa 

University, Oporto, Portugal, 2012, pp. 83-90. 

[74] M.S. Guney, Utilization of hazelnut husk as biomass, Sustainable 
Energy Technologies and Assessments 4 (2013) 72-77, 

https://doi.org/10.1016/j.seta.2013.09.004. 

[75] A.S. Çam, Characterization of Clay brick materials produced with 
red mud and nut shell wastes for building applications, Department of 

Mechanical Engineering, Izmir Katip Çelebi University, Turkey, 2017, 

http://hdl.handle.net/11469/683. 
[76] L. Pérez-Armada, S. Rivas, B. González, A. Moure, Extraction of 

phenolic compounds from hazelnut shells by green processes, Journal of 
Food Engineering 255 (2019) 1-8, 

https://doi.org/10.1016/j.jfoodeng.2019.03.008. 

[77] G. Cimino, A. Passerini, G. Toscano, Removal of toxic cations and 
Cr (VI) from aqueous solution by hazelnut shell, Water Research 34(11) 

(2000) 2955-2962, https://doi.org/10.1016/S0043-1354(00)00048-8. 

[78] Y. Çöpür, C. Güler, C. Taşçıoğlu, A. Tozluoğlu, Incorporation of 
hazelnut shell and husk in MDF production, Bioresource Technology 

99(15) (2008) 7402-7406, https://doi.org/10.1016/j.biortech.2008.01.021. 

[79] M. Gürü, Y. Aruntaş, F.N. Tüzün, İ. Bilici, Processing of 
urea‐formaldehyde‐based particleboard from hazelnut shell and 

improvement of its fire and water resistance, Fire and Materials: An 

International Journal 33(8) (2009) 413-419, 
https://doi.org/10.1002/fam.1011. 

[80] A. Demirbaş, A. Aslan, Effects of ground hazelnut shell, wood, and 

tea waste on the mechanical properties of cement, Cement and Concrete 
Research 28(8) (1998) 1101-1104, https://doi.org/10.1016/S0008-

8846(98)00064-7. 

[81] Y. Baran, H.S. Gökçe, M. Durmaz, Physical and mechanical 
properties of cement containing regional hazelnut shell ash wastes, 

Journal of Cleaner Production 259 (2020), 

https://doi.org/10.1016/j.jclepro.2020.120965. 

[82] L. Restuccia, G.A. Ferro, Promising low cost carbon-based materials 

to improve strength and toughness in cement composites, Construction 
and Building Materials 126 (2016) 1034-1043, 

http://dx.doi.org/10.1016/j.conbuildmat.2016.09.101. 

[83] A. Kazankaya, F. Balta, F. Sönmez, Mineral composition of 
pistachio (Pistacia vera L.) from Siirt, Turkey, Asian Journal of 

Chemistry 20(3) (2008), 

http://www.asianjournalofchemistry.co.in/User/ViewFreeArticle.aspx?Ar
ticleID=20_3_87. 

[84] A. Taghizadeh, K. Rad-Moghadam, Green fabrication of 

Cu/pistachio shell nanocomposite using Pistacia Vera L. hull: An 
efficient catalyst for expedient reduction of 4-nitrophenol and organic 

dyes, Journal of Cleaner Production 198 (2018) 1105-1119, 

https://doi.org/10.1016/j.jclepro.2018.07.042. 
[85] K. Yetilmezsoy, S. Demirel, Artificial neural network (ANN) 

approach for modeling of Pb (II) adsorption from aqueous solution by 

Antep pistachio (Pistacia Vera L.) shells, Journal of Hazardous Materials 
153(3) (2008) 1288-1300, https://doi.org/10.1016/j.jhazmat.2007.09.092. 

[86] S. Işıtan, S. Ceylan, Y. Topcu, C. Hintz, J. Tefft, T. Chellappa, J. 

Guo, J.L. Goldfarb, Product quality optimization in an integrated 

biorefinery: conversion of pistachio nutshell biomass to biofuels and 

activated biochars via pyrolysis, Energy Conversion and Management 

127 (2016) 576-588, https://doi.org/10.1016/j.enconman.2016.09.031. 
[87] A.C. Lua, T. Yang, Effect of activation temperature on the textural 

and chemical properties of potassium hydroxide activated carbon 

prepared from pistachio-nut shell, Journal of Colloid and Interface 
Science 274(2) (2004) 594-601, 

https://doi.org/10.1016/j.jcis.2003.10.001. 

[88] V. Nejadshafiee, M.R. Islami, Intelligent-activated carbon prepared 
from pistachio shells precursor for effective adsorption of heavy metals 

from industrial waste of copper mine, Environmental Science and 

Pollution Research 27(2) (2020) 1625-1639, 
https://link.springer.com/article/10.1007/s11356-019-06732-4. 

[89] E. Bazrafshan, F.K. Mostafapour, A.H. Mahvi, Phenol removal from 

aqueous solutions using pistachio-nut shell ash as a low cost adsorbent, 
Fresenius Environmental Bulletin 21(10) (2012) 2962-2968. 

[90] E.G. Bonkoungou, The shea tree (Vitellaria paradoxa) and the 

African shea parklands, CFC Tech Pap 4(21) (2002) 51-59. 
[91] P. Lovett, The shea butter value chain: Production, transformation 

and marketing in West Africa (Technical Report No 2), West Africa 

Trade Hub (WATH), USAID, 2004. 
[92] S.C. Agwuncha, S. Owonubi, D.P. Fapojuwo, A. Abdulkarim, T.P. 

Okonkwo, E.M. Makhatha, Evaluation of mercerization treatment 

conditions on extracted cellulose from shea nut shell using FTIR and 
thermogravimetric analysis, Materials Today: Proceedings  (2020), 

https://doi.org/10.1016/j.matpr.2020.05.473. 

[93] F. Abdulrahman, L. Hassan, S. Idris, A. Itodo, M. Ladan, 
Assessment of shea nut shell activated carbon in biochemical oxygen 

demand removal: a kinetic approach, International Journal of Natural and 

Applied Sciences 5(2) (2009), https://doi.org/10.4314/ijonas.v5i2.49954. 
[94] F.A. Adekola, I.A. Oba, Biosorption of formic and acetic acids from 

aqueous solution using activated carbon from shea butter seed shells, 
Applied Water Science 7(6) (2017) 2727-2736, 

https://link.springer.com/article/10.1007/s13201-016-0491-3. 

[95] K.P.D.A. N’goran, D. Diabaté, K.M. Yao, U.P. Gnonsoro, K.C. 
Kinimo, A. Trokourey, Lead and cadmium removal from natural 

freshwater using mixed activated carbons from cashew and shea nut 

shells, Arabian Journal of Geosciences 11(17) (2018), 
https://link.springer.com/article/10.1007/s12517-018-3862-2. 

[96] P. Zievie, P.P. Yalley, R. Saan, Experimental Investigation of 

Sheanut Shells Ash as Partial Replacement of Cement for Sustainable 
and Affordable Concrete Production, Research Inventy: International 

Journal of Engineering And Science 6(6) (2016) 21-27, 

http://www.researchinventy.com/papers/v6i6/B0606021027.pdf. 
[97] T.Y. Tsado, M. Yewa, S. Yaman, F. Yewa, Comparative Analysis of 

Properties of Some Artificial Pozzolana in Concrete 

Production, International Journal of Engineering and Technology 4(5) 
(2014) 251-255, 

https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.670.3248&re

p=rep1&type=pdf. 
[98] T.Y. Tsado, M. Yewa, S. Yaman, F. Yewa, Effect of Sheanut Shell 

Ash as a Partial Replacement of Ordinary Portland Cement in Mortar, 

International Journal of Engineering Science Invention 3(4) (2014) 1-5, 
http://www.ijesi.org/papers/Vol(3)4/Version-1/A03410105.pdf. 

https://doi.org/10.1061/(ASCE)CC.1943-5614.0000955
https://doi.org/10.3390/su10093254
https://doi.org/10.2495/SDP-V13-N4-662-670
https://isdsnet.com/ijds-v1n3-29.pdf
https://www.imedpub.com/articles/stability-of-groundnut-shell-ash-gsaordinary-portland-cement-opcconcrete-in-nigeria.pdf
https://www.imedpub.com/articles/stability-of-groundnut-shell-ash-gsaordinary-portland-cement-opcconcrete-in-nigeria.pdf
https://www.ajol.info/index.php/njt/article/view/123377
https://doi.org/10.1007/s42107-019-00131-3
https://doi.org/10.4236/jmmce.2020.84018
https://doi.org/10.1016/j.supflu.2019.03.019
https://doi.org/10.1016/j.seta.2013.09.004
http://hdl.handle.net/11469/683
https://doi.org/10.1016/j.jfoodeng.2019.03.008
https://doi.org/10.1016/S0043-1354(00)00048-8
https://doi.org/10.1016/j.biortech.2008.01.021
https://doi.org/10.1002/fam.1011
https://doi.org/10.1016/S0008-8846(98)00064-7
https://doi.org/10.1016/S0008-8846(98)00064-7
https://doi.org/10.1016/j.jclepro.2020.120965
http://dx.doi.org/10.1016/j.conbuildmat.2016.09.101
http://www.asianjournalofchemistry.co.in/User/ViewFreeArticle.aspx?ArticleID=20_3_87
http://www.asianjournalofchemistry.co.in/User/ViewFreeArticle.aspx?ArticleID=20_3_87
https://doi.org/10.1016/j.jclepro.2018.07.042
https://doi.org/10.1016/j.jhazmat.2007.09.092
https://doi.org/10.1016/j.enconman.2016.09.031
https://doi.org/10.1016/j.jcis.2003.10.001
https://link.springer.com/article/10.1007/s11356-019-06732-4
https://doi.org/10.1016/j.matpr.2020.05.473
https://doi.org/10.4314/ijonas.v5i2.49954
https://link.springer.com/article/10.1007/s13201-016-0491-3
https://link.springer.com/article/10.1007/s12517-018-3862-2
http://www.researchinventy.com/papers/v6i6/B0606021027.pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.670.3248&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.670.3248&rep=rep1&type=pdf
http://www.ijesi.org/papers/Vol(3)4/Version-1/A03410105.pdf


20 

 

[99] J. Fernandez-Lopez, N. Aleta, R. Alıas, Forest genetic resources 

conservation of Juglans regia L, Noble Hardwoods Network: Fourth and 
Fifth Meetings, IPGRI2000, pp. 38-43. 

[100] D. Potter, F. Gao, S. Baggett, J.R. McKenna, G.H. McGranahan, 

Defining the sources of Paradox: DNA sequence markers for North 
American walnut (Juglans L.) species and hybrids, Scientia Horticulturae 

94(1-2) (2002) 157-170, https://doi.org/10.1016/S0304-4238(01)00358-

2. 
[101] M.L. Martínez, D.O. Labuckas, A.L. Lamarque, D.M. Maestri, 

Walnut (Juglans regia L.): genetic resources, chemistry, by‐products, 

Journal of the Science of Food and Agriculture 90(12) (2010) 1959-1967, 
https://doi.org/10.1002/jsfa.4059. 

[102] M.L. Martinez, L. Moiraghi, M. Agnese, C. Guzman, Making and 

some properties of activated carbon produced from agricultural industrial 
residues from Argentina, Journal of the Argentine Chemical Society 91 

(2003) 103-108. 

[103] U. Buyuksari, N. Ayrilmis, E. Avci, E. Koc, Evaluation of the 
physical, mechanical properties and formaldehyde emission of 

particleboard manufactured from waste stone pine (Pinus pinea L.) cones, 

Bioresource Technology 101(1) (2010) 255-259, 

https://doi.org/10.1016/j.biortech.2009.08.038. 

[104] S.J. Antreich, N. Xiao, J.C. Huss, N. Horbelt, M. Eder, R. 

Weinkamer, N. Gierlinger, The Puzzle of the Walnut Shell: A Novel Cell 
Type with Interlocked Packing, Advanced Science 6(16) (2019), 

https://doi.org/10.1002/advs.201900644. 

[105] S. Zhao, J. Niu, L. Yun, K. Liu, S. Wang, J. Wen, H. Wang, Z. 
Zhang, The Relationship among the Structural, Cellular, and Physical 

Properties of Walnut Shells, HortScience 54(2) (2019) 275-281, 

https://doi.org/10.21273/HORTSCI13381-18. 
[106] A. Srinivasan, T. Viraraghavan, Removal of oil by walnut shell 

media, Bioresource Technology 99(17) (2008) 8217-8220, 

https://doi.org/10.1016/j.biortech.2008.03.072. 
[107] D. Fleming, J. Temyer, Surface preparation: Practices, equipment, 

and standards through 25 years, Journal of Protective Coatings & Linings  

(2009) 56. 
[108] P. Shafigh, H.B. Mahmud, M.Z.B. Jumaat, R. Ahmmad, S. Bahri, 

Structural lightweight aggregate concrete using two types of waste from 

the palm oil industry as aggregate, Journal of Cleaner Production 80 
(2014) 187-196, https://doi.org/10.1016/j.jclepro.2014.05.051. 

[109] M. Gürü, M. Atar, R. Yıldırım, Production of polymer matrix 

composite particleboard from walnut shell and improvement of its 
requirements, Materials & Design 29(1) (2008) 284-287. 

[110] H. Pirayesh, H. Khanjanzadeh, A. Salari, Effect of using 

walnut/almond shells on the physical, mechanical properties and 
formaldehyde emission of particleboard, Composites Part B: Engineering 

45(1) (2013) 858-863, 

https://doi.org/10.1016/j.compositesb.2012.05.008. 
[111] H. Pirayesh, A. Khazaeian, T. Tabarsa, The potential for using 

walnut (Juglans regia L.) shell as a raw material for wood-based 

particleboard manufacturing, Composites Part B: Engineering 43(8) 
(2012) 3276-3280, https://doi.org/10.1016/j.compositesb.2012.02.016. 

[112] N. Hilal, T.K.M. Ali, B.A. Tayeh, Properties of environmental 
concrete that contains crushed walnut shell as partial replacement for 

aggregates, Arabian Journal of Geosciences 13(812) (2020) 1-9, 

https://doi.org/10.1007/s12517-020-05733-9. 
[113] W. Cheng, G. Liu, L. Chen, Pet Fiber Reinforced Wet-Mix 

Shotcrete with Walnut Shell as Replaced Aggregate, Applied Sciences 

7(4) (2017) 345, https://doi.org/10.3390/app7040345. 
[114] M.S. Husain, A. Ahmad, S. Huda, M. Asim, Cost optimization of 

concrete by replacing fine aggregate with walnut shell powder, 

International Journal of Civil Engineering and Technology 8(3) (2017) 
82-89, 

http://www.iaeme.com/IJCIET/issues.asp?JType=IJCIET&VType=8&IT

ype=3. 
[115] I. Kamal, A.F. Sherwani, A. Ali, A. Khalid, I. Saadi, A. Harbi, 

Walnut shell for partial replacement of fine aggregate in concrete: 

modeling and optimization, Journal of Civil Engineering Research 7(4) 
(2017) 109-119, https://doi.org/10.5923/j.jce.20170704.01. 

[116] S. Mirón, B. Wendonly, R. Gutiérrez, R. Salvador, M. Orozco, M. 

Eugenia, Alternative material for load-bearing wall with addition of 
walnut shell. Waste Reduction, 3rd International Congress on Sustainable 

Construction and Eco-Efficient Solutions, Universidad de Sevilla. 

Escuela Técnica Superior de Arquitectura., 2017, pp. 1012-1022, 
https://idus.us.es/handle/11441/59302. 

[117] S. Kumari, D. Chander, R. Walia, Investigation on Suitability of 

GHA–RHA as Partial Replacement of Cement in Concrete, International 
Conference on Sustainable Waste Management through Design, 

Springer, 2018, pp. 241-249, https://doi.org/10.1007/978-3-030-02707-

0_30. 
[118] N.V. Lakshmi, P.S. Sagar, Study on partial replacement of 

groundnut shell ash with cement, Challenge Journal of Concrete 

Research Letters 8(3) (2017) 84-90, 
https://doi.org/10.20528/cjcrl.2017.03.002. 

[119] M. Wazumtu, E.-N.N. Ogork, Assessment of Groundnut Shell Ash 

(GSA) as Admixture in Cement Paste and Concrete, International Journal 
of Innovative Science, Engineering and Technology 2(2) (2015) 77-86, 

http://ijiset.com/vol2/v2s2/IJISET_V2_I2_12.pdf. 

[120] B.A. Alabadan, M.A. Olutoye, M.S. Abolarin, M. Zakariya, Partial 
replacement of ordinary Portland cement (OPC) with bambara groundnut 

shell ash (BGSA) in concrete, Leonardo Electronic Journal of Practices 

and Technologies (6) (2005) 43-48, 
http://lejpt.academicdirect.org/A06/get_htm.php?htm=43_48. 

[121] V. Narayana Moorthi, P. Muthu Mariappan, K.A. Kuppusamy, A 

study on Strength of Cement Mortar with Partial Replacement of 

Groundnut Shell Ash, Singaporean Journal of Scientific Research 7(1) 

(2015) 380-384, http://www.sjsronline.com/Papers/Papers/vol7no12015-

8.pdf. 
[122] NF XP P13-901, Blocs de terre comprimée pour murs et cloisons: 

définitions - Spécifications-Méthodes d’essais - Conditions de réception 

[in French], Association Française de Normalisation, 2001, p. 35. 
[123] NMX-C-404-ONNCCE, Industria de la construcción- 

mampostería- bloques, tabiques o ladrillos y tabicones para uso 

estructural-especificaciones y métodos de ensayo (Building industry - 
masonry - blocks or bricks for structural use - specifications and 

essay method) [in Spanish], Diario Oficial de la Federación, Distrito 

Federal, México, 2005. 
[124] TS EN 771-1, Specification for masonry units - Part 1: Clay 

masonry units  [in Turkish], Turkish Standards Institution, Ankara, 

Turkey, 2005. 
[125] BS 3921, Specification for clay bricks, British Standards 

Institution, London, 1985. 

[126] K. Pandi, K. Ganesan, Experimental studies on water absorption 
and sorptivity of cashew nut shell ash in mortar, International Journal of 

Academic Research and Development 3(5) (2018) 151-155. 

[127] IS 269, Ordinary Portland Cement, 33 Grade — Specification, 
Bureau of Indian Standards, New Delhi, India, 1989. 

[128] BS EN 197-1, Cement. Composition, specifications and conformity 

criteria for common cements, British Standards Institution, London, 
2011. 

[129] NIS, Specification for Sandcrete Blocks, Nigerian Standards 

Organization, Lagos, Nigeria, 1975, p. 11. 
[130] BS EN 998-2, Specification for mortar for masonry, Part 2: 

Masonry mortar, British Standards Institution, London, 2010. 

[131] ASTM C270, Standard Specification for Mortar for Unit Masonry, 
American Society of Testing and Materials, West Conshohocken, PA, 

2014. 
[132] V. Kumar, P. Sharma, An experimental research on the strength 

characteristics of concrete with ground nut shell ash, fly ash and coconut 

shell ash as partial replacement of cement, International Journal of 
Innovative Technology and Exploring Engineering 8(8) (2019) 1405-

1409, https://1library.net/document/dzx168dy-experimental-research-

strength-characteristics-concrete-coconut-partial-replacement.html#pdf-
content. 

[133] K.A. Mujedu, S.A. Adebara, The Use of Groundnut Shell Ash as a 

Partial Replacement for Cement in Concrete Production, International 
Journal of Sciences, Engineering and Environmental Technology 1(3) 

(2016) 32-39, http://repcomseet.com/journal/Mujedu_K_A_-

_THE_USE_OF_GROUNDNUT_SHELL_ASH.pdf. 
[134] Shubham, E.V. Khandelwal, Strength Parameters of Concrete 

Using Groundnut Shell Ash and Recycled Concrete Aggregate as Partial 

Substitution of OPC-43 and Coarse Aggregate, International Journal of 
Civil Engineering and Technology 10(9) (2019) 102-110, 

http://www.iaeme.com/IJCIET/issues.asp?JType=IJCIET&VType=10&I

Type=9. 
[135] N. Mohamad, A.A.A. Samad, W.I. Goh, H. Monica, F. Hasbullah, 

Nutrient leach from concrete artificial reef incorporating with organic 

material, Jurnal Teknologi (Sciences & Engineering) 78(5) (2016) 23-27, 

https://doi.org/10.1016/S0304-4238(01)00358-2
https://doi.org/10.1016/S0304-4238(01)00358-2
https://doi.org/10.1002/jsfa.4059
https://doi.org/10.1016/j.biortech.2009.08.038
https://doi.org/10.1002/advs.201900644
https://doi.org/10.21273/HORTSCI13381-18
https://doi.org/10.1016/j.biortech.2008.03.072
https://doi.org/10.1016/j.jclepro.2014.05.051
https://doi.org/10.1016/j.compositesb.2012.05.008
https://doi.org/10.1016/j.compositesb.2012.02.016
https://doi.org/10.1007/s12517-020-05733-9
https://doi.org/10.3390/app7040345
http://www.iaeme.com/IJCIET/issues.asp?JType=IJCIET&VType=8&IType=3
http://www.iaeme.com/IJCIET/issues.asp?JType=IJCIET&VType=8&IType=3
https://doi.org/10.5923/j.jce.20170704.01
https://idus.us.es/handle/11441/59302
https://doi.org/10.1007/978-3-030-02707-0_30
https://doi.org/10.1007/978-3-030-02707-0_30
https://doi.org/10.20528/cjcrl.2017.03.002
http://ijiset.com/vol2/v2s2/IJISET_V2_I2_12.pdf
http://lejpt.academicdirect.org/A06/get_htm.php?htm=43_48
http://www.sjsronline.com/Papers/Papers/vol7no12015-8.pdf
http://www.sjsronline.com/Papers/Papers/vol7no12015-8.pdf
https://1library.net/document/dzx168dy-experimental-research-strength-characteristics-concrete-coconut-partial-replacement.html#pdf-content
https://1library.net/document/dzx168dy-experimental-research-strength-characteristics-concrete-coconut-partial-replacement.html#pdf-content
https://1library.net/document/dzx168dy-experimental-research-strength-characteristics-concrete-coconut-partial-replacement.html#pdf-content
http://repcomseet.com/journal/Mujedu_K_A_-_THE_USE_OF_GROUNDNUT_SHELL_ASH.pdf
http://repcomseet.com/journal/Mujedu_K_A_-_THE_USE_OF_GROUNDNUT_SHELL_ASH.pdf
http://www.iaeme.com/IJCIET/issues.asp?JType=IJCIET&VType=10&IType=9
http://www.iaeme.com/IJCIET/issues.asp?JType=IJCIET&VType=10&IType=9


21 

 

https://journals.utm.my/index.php/jurnalteknologi/article/view/8231/4960

. 
[136] C.M. Ikumapayi, Development of a short time model for predicting 

chloride ingress into normal and pozzolanic concrete, IOP Conference 

Series: Materials Science and Engineering 640 (2019), 
https://doi.org/10.1088/1757-899X/640/1/012113. 

[137] E.A. Khadykina, Z.A. Meretukov, Composite Material Based on 

Plant Raw Materials, Materials Science Forum, Trans Tech Publ., 2020, 
pp. 406-412, https://doi.org/10.4028/www.scientific.net/MSF.974.406. 

[138] IS 10262, Concrete Mix Proportioning —Guidelines, Bureau of 

Indian Standards, New Delhi, India, 2009. 
[139] BS EN 206, Concrete. Specification, performance, production and 

conformity, British Standards Institution, London, 2016. 

[140] SLS 1382, Specification for Compressed Stabilized Earth Blocks, 
Sri Lanka Standards Institution, Colombo, Sri Lanka, 2009. 

[141] ABNT-NBR 8492, Tijolo maciço de solo-cimento – Determinação 

da resistência à compressão e da absorção de água (Massive earth cement 
bricks – determination of compressive strength and water absorption)[in 

Portuguese], Brazilian National Standards Organization, Rio de Janeiro, 

Brazil, 1984. 

[142] TS 2514, Adobe Blocks and Production Methods [in Turkish], 

Turkish Standards Institute, Ankara, Turkey, 1977. 

[143] IS 1725, Specification for Soil Based Blocks Used in General 
Building Construction, Bureau of Indian Standards, New Delhi, India, 

1982. 

[144] SNI 15-2094, Solid red brick for wall mating, Indonesian National 

Standards, Indonesia, 2000. 
[145] BS 5628-1, Code of practice for the use of masonry. Structural use 

of unreinforced masonry, British Standards Institution, London, 2005. 

[146] ASTM C618-9, Standard Specification for Coal Fly Ash and Raw 
or Calcined Natural Pozzolan for Use in Concrete, American Society of 

Testing and Materials, West Conshohocken, PA, 2005. 

[147] BS EN 450-1, Fly ash for concrete. Definition, specifications and 
conformity criteria, British Standards Institution, London, 2012. 

[148] BS EN 8615-2, Specification for pozzolanic materials for use with 

Portland cement. High reactivity natural calcined pozzolana, British 
Standards Institution, London, 2019. 

[149] ACI 211.1, Standard Practice for Selecting Proportions for Normal, 

Heavyweight, and Mass Concrete, The American Concrete Institute, 
Farmington Hills, Michigan, USA, 2002. 

[150] BS EN 12350-2, Testing fresh concrete. Slump test, British 

Standards Institution, London, 2019. 
[151] IS 456, Plain and Reinforced Concrete - Code of Practice, Bureau 

of Indian Standards, New Delhi, India, 2000. 

[152] ASTM C330/C330M, Standard Specification for Lightweight 

Aggregates for Structural Concrete, American Society for Testing and 

Materials, West Conshohocken, PA, 2009. 

 

 
 

  

https://journals.utm.my/index.php/jurnalteknologi/article/view/8231/4960
https://journals.utm.my/index.php/jurnalteknologi/article/view/8231/4960
https://doi.org/10.1088/1757-899X/640/1/012113
https://doi.org/10.4028/www.scientific.net/MSF.974.406

