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Abstract: 

Environmental and climatic challenges necessitate careful consideration and strategic planning regarding the materials and techniques employed 

across all sectors. To reduce the depletion of non-renewable resources and to improve and achieve sustainable development, researchers have 

recently become interested in the trend of using bio-based materials as alternative resources in numerous fields. Given that the construction 

sector poses the main threat to environmental balance due to its high consumption of raw materials, such as fine and coarse aggregates widely 

used to create different concrete, and energy resources, particularly for building ventilation and cooling, this study aims to use acorn cupule 

(AC) waste as a low-cost and renewable lightweight bio-aggregate to develop green lightweight flowable sand concrete (FSC) with high 

insulation properties. Since such organic materials have a negative impact on concrete's mechanical performance, a heat treatment was applied 

to this AC aggregate to enhance its surface properties. For this purpose, the natural sand was volumetrically substituted with raw and heat-treated 

acorn cupule aggregates (RAC and HAC) at 10, 20, 30, 40, and 50% in FSC. The results showed that incorporating RAC aggregates decreased 

the concrete’s workability compared to the control one. The density, compressive strength, and flexural strength were reduced by up to 50%, 

84%, and 68%, respectively, while the thermal conductivity was improved by approximately 24–89%. The heat treatment of RAC aggregates 

enhanced FSC flowability; reduced water absorption, reducing concrete porosity by 25%; and significantly improved the compressive and 

flexural strength by up to 41% and 45%, respectively. However, a slight decline in thermal performance was recorded. Finally, with up to 30% 

RAC and 40% HAC, AC was proven to be a highly recommended ecological alternative to natural aggregates in the concrete industry for 

developing lightweight-insulating-structural FSC. 
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1. Introduction 

The world has recently been facing numerous environmental 

challenges, including the reduction of CO₂ emissions, conservation 

of natural resources, and reduction of waste storage in landfills  

[1-3]. Given that the construction sector is the primary threat to 

environmental balance due to its depletion of raw and energy 

resources, the latter is increasingly encouraged to use more 

sustainable and environmentally friendly materials, potentially 

based on natural and bio-based products, which can be modified to 

reduce their environmental impact [4,5]. In addition, for energy-

effective buildings, the thermal performance of the building has to 

be improved by the application of advanced building materials [6]. 

Concrete is the most widely used man-made building material due 

to its availability, durability, strength, and relatively low cost. Its 

global production of 25 billion tons annually by 2050 puts 

significant pressure on the environment [7]. So, using eco-friendly 

materials would help to curb resource depletion, such as natural 

aggregates [8,9], which make up 70 to 80% of concrete [10], and 

improve indoor air quality and energy consumption. Additionally, 

owing to its lower cost and to legal requirements, this approach 

also addresses the economic and environmental challenges that 

many countries face [11]. 

Lightweight concrete (LWC) is a type of widely used 

concrete for its low cost, reduced density (less than 2000 kg/m³), 

improved thermal and acoustic insulation, fire resistance, etc. 

[12,13]. Due to these advantageous qualities, LWC can be 

considered a potential alternative to conventional dense concrete 

[14,15]. The reduced self-weight of lightweight concrete allows 

for the construction of lighter buildings, which helps save money 

and materials [14,16]. LWC reduces structural dead loads by up 

to 35–40% compared to traditional concrete, allowing for smaller 

foundations, faster construction times, and significant material 

savings [17].  Extremely porous natural and artificial lightweight 

aggregates (LA) are often utilized in the manufacturing of LWC 

[18]. However, these aggregates, which are classified as non-

renewable resources with few prospects for future extraction, are 

only widely accessible in certain regions, making their 

transportation costly [17,19]. Furthermore, artificial aggregates 

may be obtained by processing natural materials (e.g., expanded 

clay); nonetheless, they are frequently coming from industrial 

wastes and/or by-products (e.g., granulated blast furnace slag, fly 

ash, plastic waste, and ceramic waste) [20-22]. The main 

disadvantage connected with the conversion of a dense material 

into its lightweight form consists in the considerable 
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consumption of energy. This negative energetic impact may be 

suppressed by using appropriate industrial wastes and by-

products with hidden value. 

Agricultural  waste  and by-products that are generated 

worldwide in significant amounts on a daily basis, such as rice 

husk (RH), corn cob (CC), coconut shell (CS), oil palm shell 

(OPS), bamboo, apricot shell, olive core, coffee waste, and 

sugarcane bagasse (SCB), have been in focus for quite some time 

to use as alternative materials, either for cement or for 

aggregates, to produce green concretes [23-28]. Bio-based 

aggregates have the benefit of being more readily available, 

being less expensive than mineral fillers [29], and being able to 

be used without further processing. The other added values of the 

use of bio-aggregates are the production of composites with 

enhanced thermal and/or noise insulation properties [30,31]. 

Therefore, previous research has been conducted on the 

possibility of developing environmentally friendly concretes 

using plant-based construction materials derived from 

agricultural waste with the aim of reducing the cost and 

increasing the energy efficiency of concrete [32-37]. However, 

adding bio-based aggregate to concrete mixes may have 

a significant detrimental effect on the strength performance and 

durability of hardened composites due to, e.g., possible 

biodegradation and the release of natural oils that prevent the bio-

aggregate from forming bonds with the cement matrix [38]. 

Numerous efforts have been made to enhance the mechanical 

properties of bio-based aggregate concrete to expand its scope of 

use by applying various processing techniques to plant-based 

aggregates. Most treatment techniques enhance the surface 

properties of the aggregate by roughening it while only partially 

eliminating its organic content (e.g., carbonization, alkalization, 

and application of lime) [39-41]. This residual organic nature 

limits compatibility with the cementitious matrix. Furthermore, 

the hydrophilic behavior of plant-based aggregates adversely 

affects the interfacial transition zone (ITZ), resulting in increased 

porosity [42]. This issue has prompted researchers to turn to heat 

treatment of plant-based aggregates, which completely reduces 

organic matter and thus minimizes its negative impact on cement 

hydration. It also reduces water absorption by eliminating 

hydrophilic groups [43], making the concrete less porous [42,44]. 

According to Yew et al. [44] and Wu et al. [45], heat treatment 

roughens the bio-based aggregate surface, reduces its oxygen 

content, and decomposes its organic matter, thus minimizing its 

negative impact on cement hydration and decreasing its porosity, 

as well as improving the ITZ by increasing its bond with the 

cement matrix [43].  As a result, the mechanical properties of 

lightweight concrete (LWC) incorporating organic aggregates 

were enhanced. An improvement in the compressive strength and 

elastic modulus was also recorded by Yew et al. [40] for LWC 

incorporating heat-treated oil palm aggregates. Similarly, Wu et 

al. [45] found that the heat treatment of apricot shell (AS) 

aggregates increases the flexural and compressive strength by 

87.7% and 50.2%, respectively. In another study, Wu et al. [39] 

also found an increase by 33.8–53.6% in compressive strength of 

concrete based on heat-treated bio-aggregates compared to 

concrete with untreated aggregates. Other researchers also 

illustrated similar results for thermally treated and untreated palm 

oil fuel ash and sugarcane bagasse ash blended concrete [46,47]. 

Flowable sand concrete (FSC) is one of the innovative 

concretes, defined as concrete that combines the qualities of sand 

concrete with sufficient fluidity to function well in current civil 

engineering structures [48,49]. It is distinguished by its 

simplicity of installation and lack of compaction [50,51]. Its 

highly flowable ability makes it supreme for complicated and 

congested structures and allows for quicker production with 

minimal noise and labor. This type of concrete provides 

innovative solutions for the construction industry due to its 

effectiveness and adaptability in different applications, such as 

deep foundation construction, soil grouting, and concrete 

restoration [18]. Typically, FSC is rich in fine aggregates (sand) 

and free from coarse aggregates (gravel). It is composed of sand, 

cement, water, one or more admixtures, and additives [52]. 

Acorn cupule wastes  (AC) are another agriculture byproduct 

existing in huge quantities in forest areas, especially in 

Mediterranean countries like Algeria. Oak species, including 

Quercus suber and Quercus ilex, cover roughly 40% of Algeria’s 

forests (357231 ha), with an annual production of over 15000 

tonnes, playing a vital role in ecological, social, and food 

systems, and can be a source of environmental pollution [53]. AC 

has a lower specific gravity compared to conventional 

aggregates, resulting in lightweight concrete with reduced self-

weight. Several studies have been carried out on examining the 

possibility of substituting fine or coarse aggregate with different 

vegetable wastes in mortar and ordinary concrete. However, no 

research has been done until now on the use of AC as aggregate 

components in flowable sand concrete (FSC), which may be due 

to the lack of clear information on standard requirements and 

quality control that will guarantee AC’s efficacy and long-term 

use in the manufacturing of high-quality concrete. Hence, this 

study aims to recover and valorize raw AC (RAC) waste as 

lightweight aggregate to create a new flowable LWC based on 

renewable materials. As well as to study the effect of heat 

treatment mode for this plant waste on the physicomechanical 

and thermal properties of FSC. For this, the natural sand was 

substituted by RAC and HAC at replacement ratios of 10%, 20%, 

30%, 40%, and 50%. The workability, density, porosity, 

compressive and flexural strength, porosity, and thermal 

conductivity of RAC and HAC-based FSC are analyzed and 

compared to those for the control FSC. Scanning electron 

microscope (SEM) analysis was also performed to assess the 

microstructure of RAC and HAC aggregates, as well as FSC-

RAC and FSC-HAC mixtures. 

2. Materials and methods 

2.1. Materials 

2.1.1. Cement and filler 

Marble powder waste (MPW) and CEM II/B 42.5 cement 

(MATINE) were used as a binder with an MPW/Cement ratio of 

0.5. Superplasticizer "ViscoCrete - 4037 RMX" and drinking 

water were used. The physical properties of cement and MPW 

used in this study are illustrated in Table 1. 

2.1.2. Natural and recycled aggregates  

Natural sand from the Oued Souf quarry (Oued Souf city, 

Algeria) was used as fine aggregate in this study. Raw acorn 

cupules  (RAC) and heat-treated acorn cupules  (HAC) are used to 

partially replace natural sand in volume (Fig. 1). The acorn 

cupules were initially crushed and then sieved to obtain 

aggregates with a maximum size of 3.15 mm. For preparing 

HAC, the RAC aggregates were soaked in water for 24 hours and 

then air-dried until reaching a saturated surface-dry condition 

[39,54,55]. After that, they were preheated at 200°C for 0.5–1 

hour, followed by pyrolysis at temperatures ranging from 350 to 

550°C for 4 hours (corresponding to the pyrolysis temperature of 

lignin). Finally, the HACs were cooled down to ambient 
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temperature [39,45]. Figure 2 presents the SEM images of RAC 

and HAC aggregates. The particle size distributions of sand and 

RAC aggregate used are shown in Fig. 3. The physical properties 

of natural and recycled aggregates used in this study are 

illustrated in Table 1.

 

Fig. 1. Photographic image of a/ acorn cupules; b/ crushed acorn cupules; c/ heat-treated crushed acorn cupules. Source: own study 

 

Fig. 2. SEM images of (a) RAC aggregates and (b) HAC aggregates. Source: own study 
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Fig. 3. Particle size distribution of natural sand and crushed acorn cupules. Source: own study 

Table 1. Physical characteristics of cement, MWP, natural sand, RAC, and HAC aggregates. Source: own study 

Physical properties Cement MPW Sand RAC HAC 

Particle size (mm) 

Density (g/cm3) 

 

3.11 

< 0.08 

2.84 

< 4 

2.63 

 < 3.15 

0.62 

< 3.15 

0.51 

Blaine fineness (cm2/g) 3420 2300 -  - 

Fineness modulus - - 2.07 2.74 2.74 

Water absorption (%) - - 0.2 96.25 64.34 

MPW – Marble powder waste; RAC – Raw acorn cupules; HAC - Heat-treated acorn cupules

a b c 
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2.2. Mix proportions of concrete 

Flowable sand concrete (FSC) defined in accordance with 

the SABLOCRETE project [56]  is used as a control mix [57]. 

Ten other FSC mixes were prepared by replacing natural sand at 

10, 20, 30, 40, and 50% in volume by RAC or HAC aggregate. 

For all FSC mixes, the water-to-binder ratio (w/b) was kept 

constant at 0.44, and the sand-to-mortar ratio (S/M) was at 0.5, 

with varying rates of superplasticizer in order to achieve slump 

flow ranges of 28±1 cm in accordance with the EFNARC 

recommendations [58]. The mix proportions of different FSC 

mixes are presented in Table 2. 

2.3. Testing procedures 

Firstly, the fresh properties of all prepared FSC mixes were 

tested before casting them into oiled moulds. The hardened 

mixture properties, along with the physical, thermal, and 

mechanical characteristics, were also assessed in the present 

study in accordance with the standards outlined in Table 3. 

Additionally, a scanning electron microscope (SEM) was used to 

examine the morphological microstructure and to support the 

interpretation of certain results.

Table 2. Mix proportioning of different FSC mixes. Source: own study 

Mix Binder Fine aggregate w/b ratio SP (%) 

 Cement 

(Kg/m3) 

MWP 

(Kg/m3) 

Sand 

(Kg/m3) 

RAC 

(Kg/m3) 

HAC 

(Kg/m3) 

  

Control 400 200 1400 - - 0.44 0.7 

FSC-RAC10 400 200 1260 33.00 - 0.44 0.8 

FSC-RAC20 400 200 1120 66.00 - 0.44 0.9 

FSC-RAC30 400 200 980 99.01 - 0.44 1.0 

FSC-RAC40 

FSC-RAC50 

FSC-HAC10 

FSC-HAC20 

FSC-HAC30 

400 

400 

400 

400 

400 

200 

200 

200 

200 

200 

840 

700 

1260 

1120 

980 

132.01 

165.01 

- 

- 

- 

- 

- 

27.15 

54.97 

81.54 

0.44 

0.44 

0.44 

0.44 

0.44 

1.1 

1.2 

0.7 

0.8 

0.9 

FSC-HAC40 

FSC-HAC50 

400 

400 

200 

200 

840 

700 

- 

- 

108.60 

135.74 

0.44 

0.44 

0.9 

1.0 

MPW – Marble powder waste; RAC – Raw acorn cupules; HAC - Heat-treated acorn cupules; w/b – water-to-binder ratio, SP – 

Superplasticizer. 

Table 3. Experimental tests applied to determine the physical and mechanical properties of different FSC mixes. Source: own study 

Test Age Mold dimensions Standard 

Fresh state    

Slump flow  (70×100×60 mm) EFNARC [58] 

Hardened state    

Density 28 days (75×75×280 mm) ASTM C567-19 [59] 

Porosity 28 days ½ (40×40×160 mm) ASTM C642-21 [60] 

Thermal conductivity 28 days (75×75×280 mm) NF EN 993-15 [61] 

Compressive and flexural strength 7, 28, and 90 days (40×40×160 mm) EN 196-1 [62] 

3. Results and discussion 

3.1. Workability of fresh FSCs 

Figure 4 displays the workability outcomes of the different 

FSC mixes as a function of superplasticizer need with regard to 

a slump flow value of 28±1 cm. Compared to the control FSC, 

this figure shows an increase in the superplasticizer requirement 

of FSC mixes incorporating RAC aggregate (FSC-RAC) with 

increasing RAC content. The partial replacement of 50% natural 

sand with RAC aggregates increases by about 71% the 

superplasticizer need of sand concrete mixtures. This increase in 

superplasticizer need indicates a decrease in workability, which 

can be attributed to the high water absorption and the lower 

surface quality of the plant-based RAC aggregate according to 

Inoue et al. [43] and Guermiti et al. [63]. 

After the heat treatment, the workability of FSC 

incorporating HAC aggregate (FSC-HAC) was enhanced 

compared to the FSC-RAC mixes. This enhancement is reflected 

by the reduced need for superplasticizer to maintain the 

previously defined workability. This improvement in the flow of 

HAC-based FSC can be explained by the reduction of hydroxyl 

groups of the HAC aggregate, thereby reducing its water 

absorption [44], which allows a portion of the water to be 

redirected towards hydration [43]. This beneficial impact of heat 

treatment on workability has also been observed in other 

investigations [43-45]. Those also demonstrated that  this positive 

effect increases with increasing temperature and duration of 

treatment.  

3.2. Dry density, thermal conductivity, and porosity of 

hardened FSCs 

The dry density and thermal conductivity as well as the 

porosity results of the different FSC mixes, are displayed in 

Fig. 5 and Fig. 6, respectively. Compared with the control FSC, 

the dry density of FSC decreases by around 12 to 50% with 

increasing RAC content, which is attributed to the low density of 
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RAC aggregate compared to natural sand as well as to the 

honeycomb porous structure of RAC aggregates (Fig. 2(a)), 

resulting in an increase in the number of voids in the cement 

matrix, as shown in Fig. 7. This is also confirmed by the effective 

porosity values illustrated in Fig. 6 and those obtained in the 

study of Charai et al. [64]. Besides, the high water absorption of 

RAC may affect the ITZ and increase its porosity (Fig. 7) [42,65]. 

Furthermore, the heat treatment of RAC aggregate led to a 

decrease of 7 to 10% in the density of FSC-HAC mixes compared 

to FSC-RACs, which may be attributed to the lower weight of 

HAC aggregate compared to RAC aggregate. This loss in 

concrete density due to the reduction in the weight of the plant-

based aggregate under the effect of this treatment was also stated 

in other studies [45,66]. In addition, Fig. 6 shows that the heat 

treatment reduces the porosity of FSC-HACs by approximately 

25% in comparison with FSC-RACs due to the pyrolysis 

temperature, which minimizes the pore size of bio-based 

materials as reported by Nakanishi et al. [67]. This result is in 

line with previous studies [44,68]. Similarly, Wu et al. [69] found 

a 9.6% reduction in the porosity of mortar with heat-treated 

miscanthus and justified this by the good compatibility between 

the miscanthus and the mortar, which reduced the microporous 

structure in the ITZ. In another investigation, a decrease of 24% 

in the porosity of heat-treated miscanthus mortar was observed 

[70]. 

The thermal conductivity results presented in Fig. 5 indicate 

an increase in thermal performance with the increase of RAC 

aggregate content, as observed by a 24 to 89% decrease in 

thermal conductivity compared to the control FSC. This 

enhancement in the thermal performance of RAC-based FSC is 

probably due to the porous structure of RAC aggregates, the 

weak interfacial transition zone (ITZ) acting as an insulator, and 

the high porosity of FSC-RACs [68]. This result has also been 

observed in other studies incorporating bio-based aggregates in 

concrete [57,71,72]. On the other hand, heat treatment of RAC 

aggregates affected the thermal performance of FSCs by 

increasing their thermal conductivity by 12–20% compared to 

RAC-based FSCs, which may be due to the reduction in porosity 

of both HAC aggregates and FSC-HAC mixes. 

Based on the dry density and thermal conductivity (λ) values 

and according to RILEM classification [73], the incorporation of 

more than 20% of RAC/HAC aggregates leads to developing 

lightweight concrete (LWC) with a density and λ values below 

2000 kg/m3 and 1 W/m.K, respectively.
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Fig. 4. Slump flow and need for superplasticizer of all FSC mixes. Source: own study 
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Fig. 5. Dry density and thermal conductivity of FSC mixes at 28 days. Source: own study 



Hamraoui S. et al., Utilisation of bio-based acorn cupule aggregates in … 

6 

0 10 20 30 40 50

0

10

20

10

  Control -FSC 

  FSC-RAC

  FSC-HAC

A
c
c
e

s
s
ib

le
 w

a
te

r 
p
o

ro
s
it
y
 (

%
)

G
o

o
d

 q
u

a
li
ty

 

H
e
a
t 
e
ff
e
c
t 

Raw /heat treated acorn cupule (RAC/HAC) aggregates content  (%).  

Fig. 6. Accessible water porosity of FSC mixes at 28 days. Source: own study 

 

Fig. 7. SEM images of (a) FSC-RAC (b) FSC-HAC mixes. Source: own study

3.3. Compressive and flexural strengths of hardened FSCs 

Figures 8 and 9, respectively, show the compressive and 

flexural strength results at 7, 28, and 90 days for all FSCs. 

Compared with the control FSC, these results indicate that both 

compressive and flexural strengths decreased significantly with 

increasing RAC aggregate content. A 37-84% and 24-68% 

reduction was observed at 28 days for the compressive and 

flexural strength, respectively. This reduction in both mechanical 

strengths can be attributed to the weak bond between the RAC 

aggregates and the cementitious matrix, with the presence of 

cracks in the ITZ of the FSC-RAC mixtures resulting from the 

low strength and smooth surface texture of the RAC aggregates 

compared to natural sand [69,74-76]. Furthermore, Wu et al. [55] 

attributed the decrease in strength to the organic effect of plant-

based materials, which exerts a retarding influence on cement 

hydration. 

Furthermore, it is also demonstrated from Fig. 8 and Fig. 9 

that the heat treatment of RAC aggregate has greatly enhanced 

the mechanical strengths of FSC compared to FSC-RAC mixes. 

An increase of 18 to 45% and 12 to 41% was observed at 28 days 

for the compressive and flexural strength, respectively, for FSC-

HACs compared to FSC-RAC with the same substitution rate of 

natural sand. This improvement in mechanical strength resulted 

from the roughness of the HAC aggregate surface compared to 

RAC, as shown in Figs. 2(a) and 2(b), which led to a good bond 

in ITZ between the HAC aggregate and cementitious matrix, as 

shown in Fig. 7. This positive effect of heat treatment on strength 

improvement was also highlighted in other previous studies 

[39,44]. Wu et al. [69] found an increase of 82.7% and 26.9% at 

28 days in compressive and flexural strength, respectively, and 

attributed this to the removal of sugars from the biomass as a 

result of pyrolysis, which led to greater adhesion. In another 

study, Wu et al. [45] found a 50.2% and 87.7% increase in 

compressive and flexural strength, respectively, and linked this 

improvement to the decomposition of organic matter in heat-

treated bio-based aggregate, thus reducing its negative effects on 

the strength of concrete. According to Rosales et al. [77], by 
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applying heat-treatment processes to biomass bottom ash (BBA), 

an increase of 80% in the compressive strength of the mortars is 

achieved for 20% substitution compared to untreated processed 

BBA mortars. 

According to the American Institute classification (Table 4) 

and based on the obtained compressive strength results, FSC-

RAC 10% and FSC-HAC 10–20% mixtures can be classified as 

structural concrete, while FSC-RACs 20–50% and FSC-HACs 

30–50% fall under the category of moderate-strength concrete. 

Given that all the designed mixtures incorporating either raw or 

treated acorn cupule aggregates exhibit densities below 2000 

kg/m³, they can be classified according to RILEM classification 

[73] as lightweight structural concrete (FSC-RAC 10 and FSC-

HAC 10–20%) and lightweight insulating/structural concrete 

(FSC-RACs 20–50% and FSC-HACs 30–50%), respectively.

17,45

10,56

8,95

7,50

5,46

3,09

27,48

17,39

14,03

9,43

7,15

4,47

34,08

21,53

19,03

14,33

12,55

10,16

0 10 20 30 40 50

0

5

10

15

20

25

30

35

15

2

16

C
o
m

p
re

ss
iv

e 
st

re
n
g
th

 (
C

s)
 (

M
P

a)

 Cs at 7days

 Cs at 28 days

 Cs at 90 days

A
m

er
ic

an
 C

o
n

cr
et

e 
In

st
it

u
te

 (
A

C
I)

 c
la

ss
if

ic
at

io
n

 

S
tr

u
ct

u
ra

l 
L

W
C

 
M

o
d

er
a

te
 L

W
C

 

(a) FSC-RAC.

L
o
w

 L
W

C

Raw acorn cupule (RAC) aggregates content (%) 

17,45

15,56

13,95

9,50

8,05

5,09

27,48

21,89

16,52

13,43

10,15

6,47

34,08

27,00

22,03

16,33

14,65

11,76

0 10 20 30 40 50

0

5

10

15

20

25

30

35

15

2

16

C
o

m
p

re
ss

iv
e 

st
re

n
g

th
 (

C
s)

 (
M

P
a)

 Cs at 7days

 Cs at 28 days

 Cs at 90 days

A
m

er
ic

an
 C

o
n

cr
et

e 
In

st
it

u
te

 (
A

C
I)

 c
la

ss
if

ic
at

io
n

 

S
tr

u
c
tu

r
a

l 
L

W
C

 
M

o
d

er
a

te
 L

W
C

 

(b) FSC-HAC.

L
o

w
 L

W
C

Heat-treated acorn cupule(HAC) aggregates content (%)  
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Table 4. RILEM classification of LWC based on thermal conductivity (λ) measurements. Source: [73] 

λ (W/m·K) λ < 0,35 0,35 < λ < 0,75 0,75 < λ 

RAC aggregates content (%) 40 and 50 20,30. 10. 

HAC aggregates content (%) 50 30,40. 10,20. 

Classification of LWC Insulating Insulating /structural Structural 

4. Conclusion 

This study was conducted to investigate the possibility of 

recycling acorn cupule (AC) as  a plant-based raw material for 

developing a new bio-based lightweight flowable sand concrete 

(LWFSC) and to reduce the impact of its organic matter on the 

physical and mechanical properties of concrete through heat 

treatment. Based on the obtained results, the following 

conclusions are formally established: 

 

1. The valorization of acorn cupule as fine aggregates 

reduces the physical and mechanical properties of 

lightweight flowable sand concrete due to their organic 

nature, porous structure, and surface morphology. 

2. Replacing sand with AC reduces the workability of FSC 

mixtures, resulting in a higher need for superlasticizer 

concentration, which can be attributed to the high-water 

absorption and the lower surface quality of the plant-
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based RAC aggregate. The use of 50% RAC aggregates 

as natural sand leads to about a 71% increase in 

superplasticizer need. However, heat treatment of these 

aggregates shows an enhancement in the flowability of 

FSC-HAC compared to the FSC-RAC mixes, likely due 

to the improved surface quality and reduced water 

absorption of the treated aggregates.  

3. The increase in RAC aggregates content decreases the 

early and later age mechanical strengths of FSC mixes. A 

reduction of approximately 84% and 68% in 28 days 

compressive and flexural strength was found, 

respectively, by adding 50% RAC aggregates compared 

to the control FSC. However, these results are acceptable 

in the case of lightweight concrete. 

4. The dry density of FSC decreases by around 12 to 50% 

with increasing RAC content, which is attributed. 

5. Densities the heat treatment reduces the porosity of FSC-

HACs by approximately 25% in comparison with FSC-

RACs due to the pyrolysis temperature, which minimizes 

the pore size of bio-based materials. 

6. The developed lightweight FSC based on eco-friendly AC 

aggregates exhibits excellent thermal insulation, with 

thermal conductivity values ranging from 0.14 W/mK to 

1 W/mK. 

7. The heat treatment of RAC aggregates affects the thermal 

insulation performance of FSC mixes by increasing the 

thermal conductivity by 12–20%. However, the 

compressive and flexural strengths were significantly 

improved by 18–45% and 12–41%, respectively. This 

enhancement in mechanical properties is attributed to the 

better interfacial bonding with the mortar and reduced 

voids of HAC-based FSC, resulting from the rough 

surface and low porosity of the heat-treated AC 

aggregates. 

8. Given that all the designed mixtures incorporating either 

raw or treated AC aggregates exhibit densities below 2000 

kg/m³, they can be classified as lightweight structural 

concrete (FSC-RAC 10 and FSC-HAC 10–20%) and 

lightweight insulating/structural concrete (FSC-RACs 

20–50% and FSC-HACs 30–50%), respectively. 

Indeed, the acquired results, considering the density, 

mechanical properties, and thermal conductivity, are very 

encouraging and indicate the possibility of using AC as a suitable 

alternative bio-aggregate material for insulation in buildings. 

Moreover, from a cost perspective, using SCG waste in concrete 

does not require additional costs to produce lightweight concrete 

compared to other insulation materials. With up to 20% AC, the 

obtained new FSC based on AC waste is highly recommended 

for many structural components manufactured for building 

construction. Comparing untreated and treated AC, the findings 

indicate that heat treatment of AC aggregates can significantly 

enhance bonding with cementitious materials, thereby improving 

the overall performance of the mixtures.  

Finally, recycling of AC waste as fine bio-aggregate, 

together with local materials in the production of construction 

material, is a reasonable solution to the problems of resource 

conservation, natural pollution, and energy saving for future 

generations. Since ACs are plant waste, we found it necessary to 

investigate the long-term durability behaviour of the studied FSC 

concretes (in progress), including bond strength, creep and 

shrinkage, sorptivity, and corrosion. These properties were not 

considered in our study, so further research in this area is needed 

for future work. 
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