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Abstract:

Background:

This work investigated the effect of crushed cockle shell (CCS) and mixed seashell (MS) as shell sand in cement hydraulic lime brick mortar. The
seashells aggregates came from the shell middens of Mauritania.

Objective:

This study aims to valorize seashell waste in mortar brick mixes, to design a light insulating brick.

Methods:

The seashells were heat treated at 105°C for 6h, then crushed and sieved into shell sand. Then, they were studied by X-ray diffraction (XRD),
thermogravimetric analysis (TGA), and specific tests for mortar aggregates. Afterward, several mortar bricks were fabricated by replacing the
natural sand with shell sand. The physical, mechanical, and thermal properties of the produced bricks were compared with two types of natural
mortar bricks. In total, six types of masonry bricks were produced. The properties analyzed were the compressive strength, flexural strength, water
absorption, bulk density and bulk porosity, thermal conductivity, and thermal resistance of the bricks.

Results:

It  was  observed that  the  use  of  seashell  waste  increased the  porosity  and water  absorption of  the  bricks  and decreased the  bulk  density  and
mechanical strength.

Conclusion:

It is concluded that the seashell shape promotes the porosity of the mortar bricks, making them more insulating and lighter. Characterizing crushed
cockle shells (CCS) and mixed seashell (MS) bricks help clarify the field and limits of application of these bricks.
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1. INTRODUCTION

Mauritania's  environment  is  hot  and  humid,  with  an
average annual maximum temperature of 35.2 °C. About two-
thirds of the total electricity produced in Mauritania is needed
to  maintain  acceptable  living  conditions  in  buildings  [1].
Available  data  shows  that  energy  consumption  reached
approximately 1111.796 GWh in 2019. The annual increase in
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energy consumption averaged 7% between 2017 and 2019 and
35% during the summer months [1].

The increase in energy consumption is mainly due to the
air  conditioning  in  residential  buildings.  This  invites  the
development  of  low-cost  thermal  insulation  materials  that
could  reduce  energy  consumption  in  residential  buildings.
Globally, several efforts are directed toward optimizing energy
resources  [2,  3].  One  of  these  directions  is  to  use  thermally
efficient low-cost building materials in the construction sector
to  minimize  electricity  consumption  [4,  5].  The  load  due  to
thermal transmission through the building envelope (walls and
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roof)  constitutes a significant  percentage of the total  thermal
load  [6,  7].  Therefore,  an  appropriate  selection  of  building
materials for masonry could significantly reduce this load.

In  construction,  mortar  bricks  are  widely  used  in
Mauritania.  These  masonry  bricks  provide  poor  thermal
insulation in building construction. The development of low-
cost  thermally  insulating  materials  can  improve  the  thermal
insulation of these masonry bricks.  In this  context,  recycling
and  using  local  materials  can  be  an  alternative  [8].  Several
recycled waste has been incorporated into mortars to produce
bricks with high thermal insulation [9]. The results show that
incorporating these wastes reduces the thermal conductivity of
the  bricks,  which  results  in  better  insulation  of  the  building
enclosure.

On the other hand, the lack of natural sources of aggregates
needed  in  the  field  of  construction  has  led  to  the  use  of
seashells from the shell middens of Mauritania as aggregates in
cement materials structures [10], including residential houses,
septic  tanks,  masonry  structures,  and  pavement  slabs.  Many
different types of seashells have built  up into these middens,
but no studies or regulations govern their use.

Globally, seashells are one of the wastes that accumulate
rapidly, especially in coastal areas and countries that consume
many  seafood  products.  For  example,  17.5  million  tons  of
shellfish are produced each year (FAO, 2019) [11].

The use of seashells as aggregates and sand substitutes in
mortar  has  motivated  several  studies  [12  -  15].  Others  have
replaced Portland cement with crushed seashells by weight as
binders in the mortar [16]. The overall results showed that the
mechanical and physical properties of mortar are affected by
the size and type of seashell used.

However,  little  literature  is  available  on  the  thermal
insulation  properties  of  seashell  aggregate  mortar.
Lertwattanaruk et al. [16] observed that incorporating seashells
as  a  partial  replacement  material  in  cement  mortar  decreases
the  thermal  conductivity  of  the  mortar.  High  porosity  was
given as a reason for the decreased thermal conductivity. The
addition  of  seashells  decreases  the  thermal  conductivity  of
mortar by 1 to 45%. These authors concluded that shell-based
materials  have,  in  general,  a  very  high  porosity  and  water
absorption  capacity,  which  invites  their  use  in  cementitious
materials to decrease their thermal conductivity.

This study aims to valorize seashell waste in mortar brick
mixes  to  design  a  light-insulating  brick.  The  first  step  is  to
study  the  physical  and  mechanical  properties  of  shell-based
mortar bricks, such as flexural strength, compressive strength,
water absorption, bulk density, and bulk porosity. The next step
is  to  evaluate  the  thermal  performance of  shell-based mortar
bricks. The evaluation includes studying the effects of mortar
types on the thermal conductivity and thermal resistance of the
bricks. These data types are not widely available and will be
useful for selecting brick construction materials for buildings.

2. MATERIALS AND METHODS

In  this  work,  Portland  cement  (CEM  II  32.5),  hydraulic
lime (N 3.5) Table 1,  natural sand, and shell  sand were used
(Fig. 1). The sands used were natural sand (NS) with a fraction

of 0-4 mm (Fig. 2). The two shells sands were prepared:

Table  1.  Particle  density  and  specific  surface  area  of
Portland  cement  and  hydraulic  lime.

Binder Particle Density (g/cm3) Blaine Fineness (cm2/g)
Portland Cement 3.15 3170
Hydraulic Lime 2.58 9623

Fig. (1). Seashell aggregates.

Fig. (2). Granulometric analysis of aggregates.

Crushed  cockle  shell  sand  to  a  fraction  of  0-4  mm
(CCS (0-4)).
Mixed shell sand to a fraction of 0-5 mm (MS (0-5).

The seashells were washed with water to remove all traces
of impurities. Then, they were dried in an oven at 105° for 6 h.
All the properties of the aggregates were analyzed. The results
are presented in Table 2.

Table 2. The properties of aggregates

Properties NS MS CCS
Fineness modulus 1.81 2.5 1.95

Bulk density (kg/m3) 1500 899 1450
Specific gravity 2.200 2.350 2.270

Water absorption (%) 3.5 9.73 3.43

CCS MS
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In total,  six different  batches of mortar  were formulated,
with a mass of 4 kg each (cf. Table 3). Each mortar produced 6
samples  of  parallelepiped  bricks  (4  ×  4  ×  16  mm)  with  36
samples.  After  casting,  the  samples  were  wet-cured  for  28
days. After this process, the samples were left in a drying oven
at 50 °C for 48 h (cf. Fig. 3).

Table 3. Type of brick.

Brick Mortar Cement
(g)

Lime
(g)

NS
(g)

MS
(g)

CCS
(g)

Water
(g)

Type-A (reference) 300 -- 1600 -- -- 180
Type-A1 300 -- -- -- 1600 180
Type-A2 300 -- -- 1600 -- 180

Type-B (reference) -- 400 1500 -- -- 260
Type-B1 -- 400 -- -- 1500 260
Type-B2 -- 400 -- 1500 -- 260

Fig. (3). During the drying process (a); Brick samples (b).

The physical properties of the bricks were measured by the
Archimedes method according to the ASTM C20 [17]. In this
process,  dry  weights,  suspension  weights,  and  saturation
weights of the samples were measured, and these values were
used to calculate apparent porosity, water absorption, and bulk
density according to (1-3) [18].

(1)

(2)

(3)

The  compressive  and  flexural  strengths  of  the  samples
were measured according to  ASTM C109 /  C109M [19]  and
ASTM C348 [20] (Fig. 4).

The  thermal  behavior  of  the  brick  samples  was
characterized  by  the  hot-wire  method  according  to  ASTM
C518  [21],  which  estimates  the  thermal  conductivity  of  a
material from the evolution of the temperature measured by a
probe consisting of a thermocouple placed near a resistive wire.
The probe is positioned between two samples of the material to
be  characterized.  By  signal  processing  integrated  with  the
software  provided,  the  identification  of  the  thermal

conductivity is performed (cf. Fig. 5). The thermal resistance
(R) is deduced from (4).

Fig. (4). Mechanical setup to determine: (a) compressive strength and
(b) flexural strength of the samples.

Fig. (5). Thermal conductivity test. (a) provided software (b) Hot wire
probe.

(4)

With

R: the thermal resistance (in m2.K/W);

E: the thickness (expressed in meters);

λ: thermal conductivity of the material (W/m.K).

3. SEASHELL CHARACTERIZATION

Most mollusk shells comprise 95-97% calcium carbonate
(CaCo3)  with  several  chloride  ions  and  sulphates  [22].  The
seashells  are  formed  by  biomineralization  of  CaCO3,  with  a
small  amount  of  organic  matrix  which  holds  the  structure
together  [22].

The crystal phase content of the seashell was determined
by  an  X-ray  diffraction  pattern  (Fig.  6).  The  main  seashell
phases were determined to be aragonite (CaCO3) phases.

The mass change characteristics of the seashell depending
on the temperature were analyzed by a Perkin Elmer STA8000
instrument. These analyses were carried out under a nitrogen
atmosphere and at a constant heating rate of 10 °C/min to 950
°C. The TGA result of the seashell is illustrated in Fig. (7). It
can  be  observed  that  about  41%  of  the  total  mass  of  the
seashell  decreases  at  950  °C.  Considering  the  physical
infrastructure  of  this  mass  loss,  it  can  be  said  that  the  total
weight loss at 100 °C is caused by the evaporation of physical
water, which is about 1%. The mass loss between 150 and 550
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°C due to the calcination of organic matter is about 2%, and the
mass loss associated with the decomposition of CaCO3 to CaO
(endothermic reaction) between 600 and 800 °C is about 37%.

Fig. (6). XRD pattern of seashell

Fig. (7). TGA results of seashell

4. RESULTS AND DISCUSSION

The porosity values of the produced bricks are presented in
Fig. (8). The porosity of the brick is presented according to the
types  of  mortar.  Its  values  vary  between 20% and 28%.  The
apparent porosity of the reference brick (Type-A) was 23.9%.
It  is  decreased  by  16%  when  a  crushed  cockle  shell  is  used
(Type-A1).  When  mixed  shell  sand  was  added,  the  brick's
porosity  (Type-A2)  was  increased  by  17%  compared  to  the
Type-A  brick.  The  increase  in  porosity  of  Type-A2  brick  is
largely attributed to the higher water absorption of mixed shell
compared  to  natural  sand  and  crushed  cockle  shell  (MS  has
400% and 300% higher water absorption capacity than NS and
CCS, respectively). However, using hydraulic lime as a binder
for  the  brick  mortar  increases  the  porosity.  The  porosity  of
Type-B brick was increased by 7% compared to Type-A brick,
but  when the  mixed shell  was  added,  brick based on cement
and mixed shells had a better performance in terms of porosity.
Finally,  it  can  be  seen  that  using  mixed shell  sand results  in
brick with a high porosity which is desirable for increasing the
thermal performance.

Fig. (8). Apparent porosity variations of bricks.

The  bulk  density  values  of  the  produced  bricks  are
presented in Fig. (9). It can be observed that the bulk density of
the brick is between 1.35 and 1.91 g/cm3. The hydraulic lime-
based brick (type B) has a higher bulk density than the cement-
based brick (type A). The bulk density of Type-B brick is 7%
higher than Type-A brick. The bulk density of the brick shows
a  decreasing  trend  when  mixed  shell  sand  is  added;  type-a2
brick  showed  a  19%  reduction  compared  to  Type-A,  while
Type-B2 is 16% lower compared to Type-B. These reductions
can  be  attributed  to  the  angular  and  irregular  shape  of  the
seashell and the presence of organic substances, creating more
air  trapped  in  the  brick  body.  On  the  other  hand,  adding
crushed  cockle  sand  slightly  increases  the  bulk  density  of
Type-A bricks. The increase in bulk density of Type-A1 is 5%
compared  to  Type-A  bricks,  while  that  of  Type-B1  is  7%
compared  to  Type-B  bricks.

Fig. (9). Bulk density variations of bricks.

The  bricks  based  on  seashell  sand  have  a  low  apparent
density,  so  the  dead  load  of  the  walls  of  these  bricks  will
decrease, which implies the reduction of the cross sections of
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the structure while reducing the cost of construction.

The water absorption variations of the produced bricks are
given in  Fig.  (10).  The  water  absorption  of  the  bricks  varies
between 12% and 22.5%. The lowest absorption value of 12%
belongs to the Type-A1 brick, with the lowest porosity and the
highest  density  compared  to  the  Type-A-based  brick.  The
highest water absorption value, 22.5%, is observed in the Type-
A2 brick, which has the highest porosity and lowest density. As
seen  here,  there  is  a  closely  related  to  the  water  absorption,
bulk  density,  and  porosity  of  mortar  bricks.  The  relation  is
illustrated in Fig. (11).

Fig. (10). Water absorption variations of bricks.

Fig.  (11).  Relationship  between  porosity  and  water  absorption  of
bricks.

The  variations  in  the  compressive  strength  of  the  bricks
produced  are  given  in  Fig.  (12).  The  compressive  strength
shows a decreasing trend when mixed shell sand is used. The
loss in strength of type-A2 brick is 400% compared to type-A.
However, the strength increases slightly when crushed cockle
shell sand is incorporated. The reason is that adding a mixed
shell  increases  the  porosity  of  the  brick.  When  the  porosity

increases, the compressive strength behaves oppositely. On the
other hand, when the crushed cockle shell is used, the porosity
of the brick decreases, increasing strength. A close relationship
between compressive strength and porosity can be established,
as shown in Fig. (13). This relation is pretty high, with R2 =
0.97.

Fig. (12). Compressive strength variations of bricks.

Fig. (13). Relationships between porosity and compressive strength.

Finally, it was noted that the brick Type-A1 has sufficient
compressive  strength  according  to  the  code  that  requires  a
minimum strength value for masonry brick (NF EN 771-3). On
the other hand, the bricks based on the MS (Type-A2) have a
strength slightly lower than the minimum required value (The
average normalized compressive strength of a masonry unit is
not less than 2 MPa) [23]. The improvement of the resistance
of  this  type of  brick to  reach the minimum required value is
possible with the use of more resistant cement.

Fig.  (14)  shows  the  changes  in  flexural  strength  as  a
function of brick types. The compressive strength values of the
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bricks vary between 0.4 MPa and 2 MPa. The variations in the
results  are  similar  to  that  of  the  compressive  strength.  The
flexural strength increases when a crushed cockle shell is used
and decreases with mixed shell sand.

Fig. (14). Flexural strength variations of bricks.

The  thermal  conductivity  values  of  the  produced  bricks
vary between 0.301 W/mK and 0.582 W/mK (Fig. 15). Using
shell sand in brick mortars decreases the thermal conductivity
values  of  the  produced bricks,  which means that  the  thermal
insulation  performance  of  the  brick  increases.  The  thermal
conductivity value of a brick containing mixed shell (Type-A2)
decreases by up to 33% compared to the same brick containing
natural sand (Type-A). This is attributed to the porosity of the
brick,  as  shown in Fig.  (16).  The thermal  conductivity  value
decreases as the porosity of the brick increases.

Fig. (15). Thermal conductivity variations of bricks.

The  lower  thermal  conductivity  values  present  more
comfortable  living  areas  in  the  building.  The  thermal

conductivity of mixed shell cement mortar bricks is 0.301; this
implies  very  high  thermal  insulation  compared  to  the  brick
based on natural aggregates. These results show that seashell
sand can be used as a new thermal insulation material in brick
production.

Fig. (16). Relationships between porosity and thermal conductivity of
bricks.

Fig. (17) shows the thermal resistance values for the 20 cm
thick  brick  samples  as  a  function  of  mortar  types.  The
variations in the results are inversely proportional to those of
the thermal conductivities. The thermal resistance of the bricks
increases when crushed cockle shell is used and decreases with
the use of mixed shell sand. The results show that the type-A2
brick is more efficient than the other types.

Fig. (17). Thermal resistance variations of bricks.

CONCLUSION
Two  types  of  shell  sands  were  incorporated  into  cement

and hydraulic-lime mortar. Six types of masonry bricks were
produced. The physical, mechanical, and thermal properties of
the  bricks  were  obtained.  The  following  conclusions  can  be
drawn:
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Using seashell  waste allows the production of bricks
with  a  high  porosity  of  up  to  28%.  Adding  MS
increased the porosity by about 17% compared to the
reference.  Porosity  is  the  main  characteristic  of  the
brick that affects its technical and thermal properties of
the brick.
Bulk density is decreased with the addition of mixed
shell  sand,  while  it  increases  slightly  when  using
crushed  shell  sand.
The compressive strength of bricks containing CCS is
7  MPa.  According  to  the  code,  these  bricks  have
sufficient  compressive  strength,  which  requires  a
minimum  strength  value  for  masonry  brick.  On  the
other  hand,  the  bricks  containing  mixed  shell  sand
(MS) have a strength slightly lower than the minimum
required  value.  As  expected,  there  is  a  linear
relationship  between  compressive  strength  and
porosity,  which  is  observed  in  work.
The  use  of  MS  decreases  the  value  of  the  thermal
conductivity  of  bricks  due  to  the  increased  porosity.
The thermal  conductivity of  type-A2 brick decreases
by about 42%, and the thermal resistance increases by
50%,  which  means  better  thermal  insulation  in
building  construction.
The micro-porous structure formed in the body of the
brick  due  to  the  addition  of  the  seashell  affects  the
properties of the brick. The seashell shape favors the
porosity  of  the  mortar  bricks,  making  them  more
insulating  and  lighter.

Finally, it is recommended to use cockle shell sand (CCS)
to produce bricks for structural application, while mixed shell
sand (MS) is for thermal insulation only. Mixed seashells can
be  used  to  create  alternative  porosity  in  the  production  of
lightweight  insulating  bricks.
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