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ABSTRACT

Purpose: In building constructions, due to the decrease of local raw materials and for
sustainability purpose, beside the need of light pieces to be used in roofing and false ceiling;
an alkali-activated mortar is the new development where pozzolanic material is used instead of
cement and activated by an alkaline solution. Therefore, in this research, alkali-activated mortar
containing unexpanded clay as a fine aggregate with a dry density of 1652 kg/m3, compressive
strength of 3.2 MPa, and thermal conductivity of 0.4 (W/m.K) was produced ,also boards were
performed in a dimension of 305x152x12 mm as to use them in false ceiling, and reinforced with
0.25 and 0.5% steel fibre to improve their toughness by 370.8% and 1146.1% compared with
reference boards, which made them good choice to used them in roofing and secondary ceiling.

Design/methodology/approach: For preparation of alkali-activated mortar, low calcium fly
ash (FA) was used as a source binder material. In addition, super-plasticizer and unexpanded
clay as a fine aggregate (produce from the crushed artificial aggregate) in the ratio of 1:2.75 fly
ash/fine aggregate. The paste was prepared by mixing fly ash with an alkali silicate solution,
in a solid-to-liquid ratio of 0.4. Alkali silicate activator was prepared by mixing the NaOH and
Na,SiO5 solutions at the mass ratios of 2.5. The concentrations of the NaOH was the same
molarity of (14M).To improve the mechanical properties of the reference mortar mixture ,steel
fibre with 0.25 and 0.5% content were added to the mix .The specimens were tested for water
absorption, dry density, compressive strength, flexural strengths, flexural toughness, and
thermal conductivity, in addition to the Scanning Electron Microscope test (SEM) for all mortar
mixes. Alkali-activated mortar boards with (305x152x12 mm) were prepared and tested for
flexural strength and toughness.

Findings: The results indicated that the modulus of rupture for mortar boards reinforced with
0.25 and 0.5% steel fibre exhibits an increase of (3.68-12.10)%. In comparison, the toughness
is increased by about 370.8% and 1146.1%, respectively, as compared with the reference
mortar (without fibre) which made them resistance to accident, in addition to use them in roofing
due to their thermal insulation.

Research limitations/implications: Further research is needed to make a similar board
using another sustainable material. We can examine the thermal insulation that we can get from
these board, especially in the building in Iraq which the weather faces high temperatures.

Practical implications: There is a by-product that we could get from the electricity station in
Irag. We must study how we get rid of it.
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Originality/value: This paper investigate how to produce a new light board using artificial
aggregate made from unexpanded clay, which has many benefits in building insulation roofing.

Keywords: Alkali-activated mortar, Pozzolanic material, Unexpanded clay, Flexural toughness,

Scanning Electron Microscope, Thermal insulation
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1. Introduction

Concrete is in great demand on using Portland cement,
led to emissions high volume of carbon dioxide and logical
imbalance as a result of natural resources consumption [1].
For the last years, numerous researches have been carried
out to produce high-performance concrete with high strength
and durability by using mineral additives. The use of mineral
additives such as pozzolana has increased over recent years
because when used correctly in a certain percentage, it can
improve the fresh and hardened properties of concrete like
strength, durability, and permeability of concrete. Also,
incorporating mineral admixtures with Portland cement
improves different properties of concrete, such as lowering
water temperature, increasing water resistance, reducing
aggregate alkali reaction, and enhancing resistance to
sulphate soils attack [2]. Fly ash as a mineral admixture is a
by-product of burning coals of the electrical power plant,
which is available in abundance, but it creates a disposal
problem, and much of it is required to get rid of it. Fly ash is
lightweight and easy to fly, which creates extreme health
problems like asthma, bronchitis, etc. [3]. Using of fly ash
to produce cementless concrete gain extra attention by
numerous researchers all over the world. This is because fly
ash is one of the cheapest aluminium silicate materials rich
in silica (SiO2 40%-70% by weight) and alumina (ALOs3
15%-30% by weight) [4]. In the world, the total production
of fly ash is about 780 million tons per year. Also, using a
ton of fly ash instead of Portland cement can save emissions
to the air [3]. The mortar or concrete containing fly ash is
eco-friendly, and it can produce high volume fly ash
concrete with 50% fly ash replacement by weight of cement
[5]. The alkali-activated mortar was one of many potential
ideas mooted in the preliminary concept study in the last
decays. The materials were placed forward because they
replaced Portland cement, which has a high carbon/energy
footprint in produce, and is activated by alkaline solution.
Yang et al. [6] investigated the properties of twelve alkali-
activated mortars activated by sodium silicate in addition to
reference mortar containing Portland cement. Sodium oxide
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in sodium silicate is used for evaluating alkali-activated
mortars properties. Ground granulated blast-furnace slag
(GGBS) and fly ash were used as a source material. For
various mortars, the sodium oxide/source material was in the
range of (0.038-0.164). The researchers measured the
compressive strength, flexural strength and shrinkage strain
of different mortars. They concluded that the alkali quality
coefficient affect significantly on the compressive strength.
For alkali-activated mortar containing GGBS, a higher
development in compressive strength occurred at early age,
while in alkali-activated mortar with fly ash the higher
development in strength occurred at long-term age. Hardjito
et al. [7] studied, the effect of different factors on the fresh
and hardened properties of low-calcium fly ash cementitious
mortar. The factors include the concentration of sodium
hydroxide solution, the ratio of alkaline activator
solution/fly ash, and the ratio of water/solids. Tests were
carried out on 50 mm cubes mortar specimens. For curing,
the specimens were put in an oven at an elevated temperature
of 65°C, 70°C, and 80°C for 24 hours. Then, they remoulded
and put to cool at ambient temperature before being tested.
Fourteen mixes cast with different morality, with (sodium
silicate/sodium hydroxide solution) of 2.5. The researchers
concluded that the compressive strength increases with
increasing the concentration of alkaline activator. Also, the
compressive strength of mortar decreases as increasing the
water/solids ratio, and the samples cured for one day at 65°C
have the highest compressive strength, which ranges
between (1.6-20) MPa at 28 days age, Medri et al. [§]
produced different mixes of lightweight composite panels
containing alkali-activated metakaolin as binder with
different binders compositions (metakaolin or alumina-
based) and using expanded vermiculite as aggregate in two
sizes. The researchers studied the mechanical and thermal
properties of the produced composites. They obtained
lightweight composite panels with densities between (700-
900) kg/m® and an average strength of 2 MPa. Alkali-
activated concrete is different from the conventional
concrete which consists of hydraulic cement as a binder.
An alkali-activated mineral admixture as a binding medium
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holding an inert aggregate to form a compact mass. The
concrete can provide several benefits: high early strength
[2], high temperature resistance [3]. Furthermore, perfect
durability for aggressiveness environments compared with
the normal concrete. Mechanical properties and data
analysis for the prediction of different mechanical properties
of alkali-activated concrete were investigated [9]. fly ash
(FA) based cementless mortar has better compressive
strength (81% more for natural sand and 89% more for
crushed sand) than the general OPC mortar [10]. Cementless
concrete with acceptable oc values obtain using FA as
source binder materials. The oc of FA-BGPC raise whenever
SS/SH reach around 2.5, at this point the reduction begin.
The molarity of NaOH in the range of 10-16 M to produce a
mixtures with acceptable oc behaviourism, was suggested to
use. The curing method; It was suggested to use the oven
curing temperatures in around 50-80°C for about 24 h to get
an effective polymerization process to reach accepted oc [4].
Based on research by Ahmed et al., studied the eco-efficient
fly ash-based cementless concrete for 510 researches, they
concluded that it can participate in sustainable development
because it is non-cement concrete and uses industrial ash or
by-product as a binder. These properties of the mixture lead
to a reduction in the proportion of carbon dioxide in the air,
energy consumption, as well as the disposal of waste and the
cost of construction [11].

2. Materials

The fly ash used is the main component of cement
substitute, it’s a grey powder consisting mostly of spherical
particles. The amount of SiO;, Al,O3 and Fe;O3 more than
75, CaO is 2.25, which indicate the type of fly ash is F [12].
Unexpanded clay as a fine aggregate (UECFa) is used in this
investigation [13]. The gradation of unexpanded clay
aggregate is prepared depending on the Iraq Standard under
the number 5 of the year 1984 [14], and its properties within
ASTM C330 specification [15]. For the alkaline activators,
the solutions of sodium silicate and sodium hydroxide are
used by mixing the NaOH and Na,SiO; solutions at the mass
ratios of 2.5. The concentrations of the NaOH was 14 in
molarity [16] in addition to superplasticizec DARACEM
19CFMQ is used which complies with the ASTM
C494-2005 Types F [17], crimped steel fibres of about (1000
MPa) ultimate tensile strength with aspect ratio (1/d) of 55
were used. The properties of artificial lightweight fine
aggregate used in this investigation was of about 17 for
absorption, 1.69 for specific gravity and 1180 (kg/m?) for
dry density.
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3. Preparing, casting, and curing of
cementless alkali-activated mortar

Many trial mixes were investigated to prepare alkali-
activated mortar. Low calcium fly ash (FA) was used as
source binder material with variable water contain ratio (b/w),
and super-plasticizer, and the fine aggregate used was
unexpanded clay. After many trials, one mortar mix (MORO)
was adopted, and to enhance the mechanicals properties, steel
fibre in two percentages (0.25 and 0.5%) were added to the
selected mortar mix and produced (MORO0.25 and MOR 0.5)
mixes, respectively. Table 1 shows the details of various
alkali-activated mortar containing unexpanded clay (AAUC)
mortar. For all mortar mixes, water to binder ratio (W/FA) of
0.4% and a binder to the fine aggregate ratio (FA/Fa) of 1:2.75
were used. Through the preparation of the paste, the fly ash
was mixed with alkali solution in a ratio of (solid/liquid) equal
to 0.4. The preparation of the alkali activator includes mixing
the NaOH and Na,SiOs3 solutions at the mass ratios of 2.5. The
concentration of the NaOH was 14 M. Alkali-activated
mortars were produced by mixing the alkali-activated paste
with crushed unexpanded clay, as shown in Figure 1. The
prepared mixtures were tested for workability with flow test;
then they were cast into standard prism moulds of
(40%x40%160) mm and wooden boards with dimensions

Table 1.

Details of AAUC mortar mixes
Mix FA UECFa W/FA Fibre
Design. kg/m® kg/m? kg/m®
MORO 500 1375 0.4 -
MORO0.25 500 1375 0.4 19.5
MORO.5 500 1375 0.4 39

Note 1: FA= fly ash, A=activator, W= water, A/FA=0.4.
Note 2: Superplasticizer dosage =2% by weight of fly ash,
molarity of NaOH=14.

Fig. 1. Production of AAUC mortar
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measured 305 mm in length and 152 mm in width with 12
mm thickness; also cubic specimens of 50 mm and 100 mm
were cast. Then covered with polyethylene sheets and left
for one day. After that the specimens were put in a Kline at
90°C for 48 hours. Then, the samples were left to cool down
and rest at room temperature. The specimens were tested for
water absorption, dry density, compressive strength, flexural
strengths, flexural toughness, and thermal conductivity. In
addition, Scanning Electron Microscope test (SEM) was
done as one of the most important microstructural test.

4. Experimental tests for alkali-activated
mortar

The following tests were carried out to investigate the
properties of AAUC mortar.

4.1. Workability

Flow test on mortar was carried out according to ASTM
C-1437-2015 [18], as shown in Figure 2. The value of flow
is the average of mortar diameters spread in disc, measured
in two perpendicular directions.

Fig. 2. Flow test of the AAUC mortar
4.2. Dry density

This test was determined to depend on ASTM C642 [19],
using cubes with dimensions of 100 mm and the average of
three specimens represented the value of dry density at the
age of 28 days.

4.3. Water absorption
The test was carried out depending on ASTM C642 [19]

where three cubes of 100 mm for each mix at 28 days of age
were taken to determine their water absorption.

Volume 113 Issue 2 February 2022

4.4. Compressive strength

The mortar specimens used were 50 mm cubes. They
were tested at the age of 28 days according to ASTM
c109/c109M [20] by a digital compression machine with a
capacity of 2000 kN, see Figure 3. For each mix, the average
result of three specimens was recorded.

Fig. 3. Compressive strength test of AAUC
4.5. Flexural strength and flexural toughness

This test was done according to ASTM C348 [21] using
prisms of dimensions (40%40x160) mm. The specimens
were simply supported throughout 120 mm and load data
displacement rate of 0.5 mm/min (which was conducted in a
displacement controlled mode). The test data were recorded
using computer-controlled data acquisition system as shown
in Figure 4. The load-deflection curves are characterized by
flexural strength, and toughness (total area under the load-
deflection curve). The average of three tested specimens
represents the value of the flexural strength for each mix.
Flexural strength was calculated from the simple beam
bending formula according to ASTM C348/2015.

Fig. 4. Flexural test machine
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4.6. Thermal conductivity

The test includes preparing the specimens with
dimensions of (4x4x2) cm, and their thermal conductivity
was calculated at room temperature by the hot disk
instrument. This test is carried out in the Materials
Department at the University of Technology.

4.7. Scanning Electron Microscope (SEM)
of AAUC mortar matrix

For obtaining the fracture surface texture of samples, the
SEM (Model: TESCAN-VEGA/USA) with detector (X-
Flasb 5030) and tungsten source is used which contain a
magnification ranges between (10-80,000). The work
distance is ranged between (1-12 mm) and operates with a
voltage of (1-20 kV). The dimensions of the tested samples
were (1x1x1 cm) and vacuum dried before taking the SEM
images to prevent the build-up of electric charge when the
electron beam scans the specimen.

4.8. Flexural strength and flexural toughness
for AAUC boards

Flexural tests of AAUC boards were performed at 28
days according to ASTM C1185-12 [22] using special
wooden moulds of dimensions 305 mm in length 152 mm in
width with 12 mm thickness. The specimens were simply
supported throughout (255 mm) and loaded at a displacement
rate of 0.5 mm/min (conducted in a displacement-controlled
mode). The test data were recorded using a computer-
controlled data acquisition system. The load-deflection
curves were determined by flexural strength and toughness
(the total area under load deflection curve). The average of
three tested specimens was used for each flexural strength
value. The flexural strength was calculated from the simple
beam bending formula according to ASTM C1185-12 [22].

5. Results and discussion

In order to evaluate the properties of boards, all the
results were discussed in detail to show if these light boards

Table 2.
Some properties of AAUC mortar
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with stand the purpose which produce for (lightweight, good
thermal conductivity, magnifies flexural strength and
toughness).

5.1. Properties of AAUC mortar

Flow ability is the ability of a fresh mortar mix to fill the
mould properly with the desired work without any reduction
in the concrete quality. In this investigation, the main factor
that affected on the workability of mortar mixes is the fibre
content. The test results show that the flow value deceases
whenever the percentage of steel fibre increased, as shown
in Table 2 and presented in Figure 5. This is due to the
increment in the mixtures viscosity as a result of the large
surface area of fibres [23].

165
£ 160
£
—155
3
9]
]
145
MORO MORO0.25 MORO.5
Mortar mix designation

Fig. 5. Flow of AAUC mortar
5.2. Dry density

The densities of (AAUC) mixes are presented in Table 2
and shown in Figure 6. The range of density is between
(1625-1750) kg/m?, which is lower than that of traditional
concrete or mortar (with normal weight). This is due to the
using of unexpanded clay that has lower specific gravity
compared with natural sand. The incorporation of fibre to
mix (MOR 0.25 and MOR 0.5) causes an increase in density
to about (4.12% and 6%), respectively compared with the
control mix (MORO), and that is due to the high specific
gravity of the used fibre.

Mortar mix design Flow, Density, Comp. strength, Water absorption, Thermal conductivity,
mm kg/m? MPa % W/m. K
MORO 160 1652 32 14.0 0.487
MORO0.25 155 1720 3.4 12.9 0.560
MORO0.5 150 1750 4.2 12.0 0.620

RESEARCH PAPERJ
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Fig. 6. The dry density of AAUC mortar
5.3. Water absorption

The test results are apparent in Table 2 and shown in
Figure 7 and Figure 8. The water absorption of reference
(AAUC) mix was (14%), and this is due to the high
absorption of unexpanded clay aggregate used (17%). At the
same time, the incorporation of steel fibre with 0.25 and
0.5% volume fraction causes a reduction in water absorption
to 12.9 and 12%, respectively, due to the increase in the
continuous interaction products over the steel fibre closing
the pores.
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Mortar mix designation

Fig. 7. Water absorption of AAUC mortar
5.4. Compressive strength

The mechanical properties of (AAUC) mortar are
of primary importance regardless of possible applications
in civil engineering. A satisfactory strength is considered
one of the primary conditions for the possibility of using
cementless concrete in construction [24]. The test is
performed wusing three specimens per mortar mix.
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Fig. 8. Relationship between density and water absorption
for AAUC mortar
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Fig. 9. Compressive strength of AAUC mortar
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Fig. 10. Dry density and compressive strength of AAUC
mortar

The compressive strength of the produced mortar is 3.2 MPa
at 28 days with a density of 1652 kg/m* which could be used
for insulation purposes, as shown in Figure 9 and Figure 10,
which shows lower strength compared to compressive
strength value due to the use of unexpanded clay as a fine
aggregate than natural sand due to losses of hardened
particle component. On the other hand, Hardjito [7] obtained
a compressive strength ranging between (1.6 MPa-20 MPa)
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Table 3.
Flexural strength and toughness on AAUC mortar prism

I.F. Nasser, M.A. Ali, M.J. Kadhim

Mortar mix design. Flexural strength, Increase in Toughness, Increase in toughness,
MPa strength, % N.m %
MORO 1.215 0.0 0.0617 -
MORO0.25 1.924 58.4 0.554 798
MORO.5 2.707 122.8 0.936 1417

using normal sand. The fibre content effect on the
compressive strength of (AAUC) mortar, the compressive
strength was raised to 6.25% and 23% respectively as the
fibre content increases from 0.25% to 0.5%, concerning the
control mix. This is due to the higher gained bond between
fibres-paste interfaces, in addition to the fibre effect in
restricting the growth of microcracks, which lead to higher
strength of the composite.

5.5. Flexural toughness and flexural strength

The flexural toughness and strength of AAUC mortar are
displayed in Table 3. Figure 11 shows (AAUC) mortar
reinforced with 0.25% and 0.5% steel fibre mixes exhibit
increment in flexural strength of 58% and 122% respectively
relative to the plain AAUC mortar specimens. Significant
enhancements in load capacity and toughness were observed
with higher content of fibres.

= 1

2 0.8

w 0.6

0

c 04

-

% 0.2

|2 0 —

MOR 0 MOR 0.25 MOR 0.5
Mortar mix designation

Fig. 11. Toughness of AAUC mortar

The load-deflection curves of (AAUC) mortar specimens
are shown in Figure 12, at the age of 28 days. This confirmed
that specimens with no fibre have a rectilinear load-
deflection relationship with no post-crack response when
defeated at the peak load. On the contrary, the specimens
reinforced (AAUC) mortar demonstration significant
enhancement. When the load above the point of variation
increases, the first crack begins. Later, the stresses of the
matrix are transported to the fibres and increase deflection
slightly up leading to specimens' failure due to de-bonding.
The results indicated that the fibrous specimens show better

RESEARCH PAPER

flexural performance also, load-deflection relationship
significantly improved related to plain specimen. This is
because steel fibre offers better toughness and strength
properties. In addition, there is a superior flexural
performance compare to non-fibre reinforced specimens
because of the fibres effect and the fine particles from
unexpanded clay that made a good inter lock in the paste.
The results show that incorporating steel fibre improves the
flexural strength and toughness of AAUC mortar
significantly. Its percentage increase in flexural is 58.4%,
122.8% for the steel fibre specimens of 0.25% and 0.5%
respectively comparative to specimens without fibre.

The percentages increase in toughness for AAUC mortar
reinforced with 0.25% and 0.5% fibre is 798-1417%
respectively, compared to reference mortar. The fibrous
AAUC mortar shows advances after the cracking behaviour
of alternative mortar. Improvement in the flexural fracture
of AAUC reinforced with fibres is attributing to the increase
of energy required to breakage due to the crack arresting
procedure. The fibres operate as crack eliminators or walls,
increasing the tortuosities of an expanding crack [25]. Micro
cracks and crack formation have been identified by
Hiakkinen [25] earlier in the matrix due to generalized
shrinkage caused by the chemical reaction that regulates
hydration and stiffening in the alkaline matrix, and this is
faster than the conservative hydrolysis process in typical
concrete. The interfacial zone between the fibres and
hardened matrix) is the area in which cracks could be located.
Fibre splitting during load transfer to the main composite
fracture allows to demonstrate the typical stiffening
behaviour achieved with enhanced matrix fracture [26].

5.6. Thermal conductivity

Thermal conductivity for material is the quantity of heat
It pass through the unit thickness in a vertical direction to the
surface of a unit area, due to the unit temperature gradient
below it certain conditions. Thermal conductivity in Table 2
and Figure 13 show very low value of 0.487 W/m.K for the
control mix (MORO) which make it suitable as insulation
construction material. The superior thermal resistance
related to conventional materials would permit this concrete

Archives of Materials Science and Engineering
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Fig. 12. Load-deflection curves of AAUC prism specimens

to be a feasible material for energy efficiency. The increase
in steel fibre volume friction leads to an increase in thermal
conductivity as the fibre owns supreme thermal conductivity.
Based on the above results, the specimens fall under the
category of structural and insulating concrete — Class-II
(compressive strength between 3.5 and 15 MPa and the
thermal conductivity is less than 0.75 W/m.K).
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Fig. 13. The thermal conductivity of AAUC mortar

5.7. Scanning Electron Microscope test image
of AAUC mortar matrix

The Scanning Electron Microscope test (SEM) images
for the AAUC mortar specimens are given in Figure 14. The
images show that the matrix is denes in some portions with
well-formed crystalline phases, but still heterogeneous
portions with the high number of un-hydrated fly ash
particles observed in Figure 14a and Figure 14b.

Volume 113 Issue 2 February 2022

Figure 14c shows the microstructure of zone B that
indicated in Figure 14b; the microscopy shows that give a
gain in bonding between both the binder of polymeric and
residual materials react with supplementary materials. Some
fly ash particles react with the alkali-activator solution,
covered partially with reaction products. The needle shaped
crystals also seen in Figure 14c.

Figure 14d shows the SEM image of AAUC mortar
reinforced with steel fibre. It can be considered that the
products covered the surface of fibre which is mean that
there is an adequate connection between the AAUC matrix
and steel fibres; hence the composite would have good
mechanical properties.

5.8. Properties of AAUC boards

The (AAUC) boards were prepared in a dimension of
305%152x12 mm, and flexural tests have been used for these
boards. The results in Table 4 indicated that the modulus of
rupture for (AAUC) boards reinforced with 0.25 and 0.5%
steel fibre, exhibit an increase of 3.6 and 12%, respectively,
compared to the reference mortar (without fibre), this result
related to higher bonding strength between the cement matrix
and crimped steel fibre and the high value of fibre tensile
strength. The incorporation of fibre considerably improves
the toughness of (AAUC) reinforced boards by 370.8% and
1146.1% for boards reinforced with 0.25 and 0.5% steel
fibre compared with reference boards (without fibre), as
shown in Figure 15. The high result is argued to the modulus
of elasticity for the fibres that substantially improve the load
capacity, which also significantly increases the toughness
values with incorporation of fibre to AAUC mixes. This
increase in results was due to the crack width control caused
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Fig. 14. SEM image of AAUC mortar: matrix (a), zone A (b), zone B (c), reinforced with steel fibre (d)

Table 4.
Flexural strength and toughness of (AAUC) boards
Boards mix Load, Flexural strength, Increase in flex Toughness, Increase in toughness,
design N MPa strength, % N.m %
BOS0 114 1.90 - 0.089 -
B0OS0.25 118 1.97 3.68 0.419 370.8
B0OS0.5 128 2.13 12.10 1.109 1146.1
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Fig. 15. Flexural toughness on AAUC boards

by the steel fibres, especially at the micro stage. This
prevents the propagation of cracks and gathering under load
application and transforms the stresses across the cracks
preventing its growth till the failure stages when fibre is
pulled out [27]. Load-deflection curves of (AAUC) board
specimens shown in Figure 16, it’s obvious that the behaver
show the same as that for Load-deflection curves of (AAUC)
prism specimens.

6. Mode of failure for (AAUC) mortar
prisms

The steel fibres effect on the ductility of AAUC prism
is clear in Figure 17. The specimens with fibres have higher

ductility than their corresponded specimens without steel
fibre, leading to a great increase in flexural strength in
prisms of 58.4, 122.7% compared to the reference
mix MORO without steel fibres. This increase in results
was due to the crack width control caused by the steel
fibres, especially at the micro stage [27]. The MORO
specimens suffer from sudden broken with a loud noise. On
the contrary, the MORO0.25, MORO.5 specimens were
much more ductility and it took more time to fail.
The length of fibres start to bridge the macro cracks until
failure [28].

7. Mode of failure for (AAUC) boards

The optimum value of stiffness that is given to improve
the ductility and cracking behaviour of concrete
reinforcement [27,29]. Plain boards specimens achieved
toughness at 0.089 J. The incorporation of steel fibres to
mixes increases their toughness and ductility values. Failure
of plain board specimens is a sudden broken state as shown
in Figures 18(a-c), while Figures 18(d-f), show a ductile
broken state for board reinforced with 0.25% steel fibre
specimens, and board specimens reinforced with 0.5% steel
fibre show more ductile broken state. Boards reinforced with
steel fibre are not separated into two parts. This is due to the
fact that, the fibre bridges the micro cracks through its ability
transferring loads that increase the maximum applied load
and also increase the ductility of reinforced specimens that
do not break directly in accordance with the first notch is
begin.

—+— BOSD
—4— BOSO.23
== BOSD.5

Load (M)

Volume 113

0 4 § 11 16 20 114 I8

Displacement [mm)

Fig. 16. Load-deflection curves of AAUC board specimens
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Fig. 18. Mode of failure for AAUC boards

8. Conclusions

This research focused on the development of mechanical

properties and thermal insulating of lightweight cementless
concrete using locally available waste materials for
sustainable development.

1.

Cementless  alkali-activated =~ mortar  containing
unexpanded clay (AAUC) with a dry density of 1652
kg/m? and compressive strength of 3.2 MPa, the flexural
strength of 1.215 MPa, and its thermal conductivity is
0.487 W/m.K at 28 days is produced in this investigation.
The inclusion of 0.25 and 0.5% steel fibre in (AAUC)
mortar increases the dry density values from 1652 kg/m?

RESEARCH PAPER

to 1720 and 1750 kg/m3, respectively, while thermal
conductivity increases from 0.487 to 0.560 and 0.62
W/m. K, respectively.

. Cementless alkali-activated mortar (AAUC) mortar with

0.25% and 0.5% steel fibre have an increment in the
modulus of rupture in the range of 58.3% and 122.7%
relative to a plain one. While the percentages of increase
in toughness are 798% and 1417%, respectively,
compared to plain mortar specimens.

. The modulus of rupture for (AAUC) boards reinforced

with 0.25 and 0.5% steel fibre exhibit an increase in the
range of 370.8 and 1146.1% compared to reference
mortar (without fibre).
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5. The plain specimens (AAUC) mortar show without a
post crack responding, the linear relationship between
load and deflection behaviour failed at the maximum
load.

9. Recommendations/suggestions

1. Conducting more experiments to replace fly ash with
local material like “Metakaolin”.

2. Replace the unexpanded clay with another local light
fine aggregate like “Atablecite” which is available in
Iraq.

Acknowledgements

The authors express gratitude to Middle Technical
University, Institute of Technology and Mustansiriyah
University, Faculty of Engineering, Department of Materials
Engineering, in Baghdad, Iraq, for support in the preparation
this paper.

References

[1] R. McCaffrey, Climate Change and the Cement
Industry, Global Cement and Lime Magazine
Environmental Special Issue (2002) 15-19.

[2] B. Hanumesh, B. Varun, B. Harish, The mechanical
properties of concrete incorporating silica fume as
partial replacement of cement, International Journal of
Emerging Technology and Advanced Engineering 5/9
(2015) 270-275.

[3] S.V. Patankar, Y.M. Ghugal, S.S. Jamkar, Effect of
Concentration of Sodium Hydroxide and Degree of
Heat Curing on Fly Ash-Based Geopolymer Mortar,
Indian Journal of Materials Science 2014 (2014)
938789. DOI: https://doi.org/10.1155/2014/938789

[4] H.U. Ahmed, A.A. Mohammed, S. Rafig, A.S.
Mohammed, A. Mosavi, N.H. Sor, S. Qaidi,
Compressive Strength of Sustainable Geopolymer
Concrete Composites: A State-of-the-Art Review,
Sustainability 13/24  (2021) 13502.  DOI:
https://doi.org/10.3390/su132413502

[5] V.Malhotra, A. Ramezanianpour, Fly Ash in Concrete,
Canada Centre for Mineral and Energy Technology,
Natural Resources Canada, Ottawa, Ontario, 1994.

[6] K.-H. Yang, J.-K. Song, A.F. Ashour, E.-T. Lee,
Properties of cementless mortars activated by sodium

Volume 113 Issue 2 February 2022

silicate, Construction and Building Materials 22/9
(2008) 1981-1989.
DOI: https://doi.org/10.1016/j.conbuildmat.2007.07.003

[7] D. Hardjito, C. Cheak, C. Lee Ing, Sength and Setting
Times of Low Calcium Fly Ash-based Geopolymer
Mortar, Modern Applied Science 2/4 (2008) 3-11. DOI:
https://doi.org/10.5539/mas.v2n4p3

[8] V. Medri, E. Papa, M. Mazzocchi, L. Laghi, M.
Morganti, J. Francisconi, E. Landi, Production and
characterization of lightweight vermiculite/geopolymer-
based panels, Materials and Design 85 (2015) 266-274.
DOI: https://doi.org/10.1016/j.matdes.2015.06.145

[9] A.A. Mohammed, H.U. Ahmed, A. Mosavi, Survey
of Mechanical Properties of Geopolymer Concrete:
A Comprehensive Review and Data Analysis,
Materials 14/16 (2021) 4690.

DOI: https://doi.org/10.3390/ma14164690

[10] S. Mane, H.S. Jadhav, Investigation of Geopolymer
Mortar and Concrete under High Temperature,
International Journal of Emerging Technology and
Advanced Engineering 2/12 (2012) 384-390.

[111 H.U. Ahmed, A.S. Mohammed, A.A. Mohammed,
R.H. Faraj, Systematic Multiscale Models to Predict the
Compressive Strength of Fly Ash-Based Geopolymer
Concrete at Various Mixture Proportions and Curing
Regimes, PLoS ONE 16/6 (2021) e€0253006. DOI:
https://doi.org/10.1371/journal.pone.0253006

[12] ASTM C618: Standard Specification for Coal Fly Ash
and Raw or Calcined Natural Pozzolan for Use in
Concrete, ASTM International, West Conshohocken,
PA, USA, 2008.

[13] W.I. Khalil, H. K. Ahmed, Z.M. Hussein, Properties of
Artificial and Sustainable Lightweight Aggregate,
Proceedings of the 17" International Conference on
Building Science and Engineering, Berlin, Germany,
Vol. 17, no. 9, 2015, 633-637.

[14] Iraqi Specification, No.45/1984: Aggregate from
Natural Sources for Concrete and Construction, The
Central Organization for Standardization and Quality
Control, Baghdad, 1984.

[15] ASTM (C330-03: Standard Specification for Light-
weight Aggregates for Structural Concrete, ASTM
International, West Conshohocken, PA, USA, 2003.

[16] W.I. Khalil, W.A. Abbas, I.F. Nasser, Mechanical
properties and thermal conductivity of lightweight
geopolymer concrete, Proceedings of the 1%
International Scientific Conference of Engineering
Sciences; 3™ Scientific Conference of Engineering
Science “ISCES”, 2018, Baqubah, Iraq, 175-180. DOLI:
https://doi.org/10.1109/ISCES.2018.8340549



http://www.archivesmse.org
http://www.archivesmse.org

[17] ASTM (C494/C494M: Standard Specification for
Chemical Admixtures for Concrete, ASTM
International, West Conshohocken, PA, USA, 2005.

[18] ASTM C-1437: Standard Test Method for Flow of
Hydraulic Cement Mortar, ASTM International, West
Conshohocken, PA, USA, 2015.

[19] ASTM C642-97: Standard Test Method of Specific
Gravity, Absorption and Voids in Hardened Concrete,
ASTM International, West Conshohocken, PA, USA,
1997.

[20] ASTM C109/C109M: Standard Test Method for
Compressive Strength of Hydraulic Cement Mortars,
ASTM International, West Conshohocken, PA, USA,
2015.

[21] ASTM (C348: Standard Test Method for Flexural
Strength of Hydraulic-Cement Mortars, ASTM
International, West Conshohocken, PA, USA, 2015.

[22] ASTM C-1185-12: Standard Test Methods for Sampling
and Testing Non-Asbestos Fibre-Cement Flat Sheet,
Roofing and Siding Shingles, and Clapboards, ASTM
International, West Conshohocken, PA, USA, 2012.

[23] B. Chen, J. Liu, Contribution of Hybrid Fibers on the
Properties of High Strength Lightweight Concrete
Having Good Workability, Cement and Concrete
Research 35/5 (2005) 913-917.

DOI: https://doi.org/10.1016/j.cemconres.2004.07.035

[24] R. Zejak, 1. Nikolic, D. Blecic, V. Radmilovic, V.
Radmilovic, mechanical and microstructural properties
of the fly-ash-based geopolymer paste and mortar,

Creative Commons

Attribution-NonCo ercial-NoDerivatives

I.F. Nasser, M.A. Ali, M.J. Kadhim

Materiali in Tehnologije/Materials and Technology
47/4 (2013) 535-540.

[25] T. Hikkinen, The influence of slag content on the
microstructure, permeability and mechanical properties
of concrete: Part 2 technical properties and theoretical
examinations, Cement and Concrete Research 23/3
(1993) 518-530. DOI: https://doi.org/10.1016/0008-
8846(93)90002-Q

[26] C. Redon, V.C. Li, C. Wu, H. Hoshiro, T. Saito,
A.Ogawa, Measuring and modifying interface
properties of PVA fibers in ECC matrix, Journal of
Materials in Civil Engineering 13/6 (2001) 399-406.
DOL: https://doi.org/10.1061/(ASCE)0899-
1561(2001)13:6(399)

[27] B.S. Jaafer, A.H. Majeed, M.J. Kadhim, Physical and
Mechanical Properties of Reed fibre Cement Board,
IOP Conference Series: Materials Science and
Engineering 928 (2020) 022054.

DOI: https://doi.org/10.1088/1757-899X/928/2/022054

[28] K.M. Ahsana Fathima, S. Varghese, Behaviour Study
of Steel Fibre and Polypropylene Fibre Reinforced
Concrete, IMPACT: International Journal of Research
in Engineering and Technology 2/10 (2014) 17-24.

[29] K.H. Mo, K.K.Q. Yap, U.J. Alengaram, M.Z. Jumaat,
The effect of steel fibres on the enhancement of flexural
and compressive toughness and fracture characteristics
of oil palm shell concrete, Construction and Building
Materials 55 (2014) 20-28.

DOIL: https://doi.org/10.1016/j.conbuildmat.2013.12.103

© 2022 by the authors. Licensee International OCSCO World Press, Gliwice, Poland. This paper is an
open access paper distributed under the terms and conditions of the Creative Commons Attribution-

@ @@@ NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) license
BY NC ND

(https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en).

RESEARCH PAPER

READING DIRECT: www.archivesmse.org


http://www.archivesmse.org
http://www.archivesmse.org

