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This paper aims to explore and evaluate the use of Jordanian Feldspar as a natural resource partial replacement ma-
terial for cement and sand in cement mortar. First, Al-Jaishia area was explored through a global positioning system
(GPS) navigation to gather site samples of Feldspar raw material. Then, cement and sand were partially replaced by
Feldspar with substitution ratios of 5%, 10%, 15%, 20%, and 25% for each. The study included the effect of cement
replacement on normal consistency and setting time for cement paste. The water content along with initial and final
setting times increased with the increment of cement replacement ratio. Moreover, mechanical properties (compres-
sive, flexural, and residual compressive strengths) of cement mortar with cement and sand replacement were eval-
uated. The compressive and flexural strengths after 3, 7, and 28 days of curing were examined for both cement and
sand replacement. While, residual compressive strength for cement replacement after 28 days was measured at el-
evated temperatures of 400°C, 600°C, and 800°C. The compressive and flexural strengths decreased by increasing
the Feldspar replacement ratio for both cement and sand at all specimen ages. Whereas, heat resistance properties
were improved by cement/Feldspar replacement. The best result for residual compressive strength was obtained at

156% replacement ratio and 400°C temperature.
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INTRODUCTION

Recently, building construction scientists have been
looking for the optimum use of natural resources as a re-
placement material in cement mixture. One of the natural
resources that can be used as a replacement material
for both aggregate and cement is Feldspar. The majority
of aggregates used in concrete come from metamorphic
and igneous rocks that contain different ratios of Feldspar
minerals. Due to their physical and mechanical proper-
ties, Feldspar minerals can be used as a substitution
material for aggregates in concrete mixture. Moreover,
using Feldspar as a replacement material for cement in
concrete mixture can decrease the total cost of mixture
since it can be easily found and extracted worldwide (es-
pecially in Jordan) in large quantities. In addition, utilizing
Feldspar as a replacement material is an environmental-
ly friendly alternative that decreases the amount of pollu-
tion caused by cement manufacturing.

Feldspar minerals are basic components of igneous,
metamorphic, and sedimentary rocks [1] that have quite
similar structures, chemical compositions, and physical
properties. Common Feldspar minerals are composed of
orthoclase (KAISi,O,), albite (NaAISi308), and anorthite
(CaAl,Si,O,). Feldspar is a mineral that persists on both
of Earth’s continental crust and Earth’s oceanic crust.
On the Earth’s continental crust, Feldspar exists as the
main component of igneous rocks along with granite and

*maltamimi@yu.edu.jo

granodiorite rocks. While, on the Earth’s oceanic crust,
Feldspar is found in gabbro and basalt rocks as an im-
portant constituent. Jordan is a country rich in industrial
rocks and minerals of different origins. Feldspar ores are
one of the most plentiful ores available in large quan-
tities in the southern part of Wadi Araba as well as the
southwestern part of the southern mountainous deserts
of Jordan. Five areas in the southern part of Jordan were
investigated and indicated to be a good source for Feld-
spar production [2]. The areas are Wadi Mahloba (51
km north east to Aqaba city), Jabal Abu Al Ghoufran (18
km north east to Agaba city), Wadi Hood Al-Sufun (7 km
south to Agaba city), Wadi Araba (5 km east to Agaba
airport), and Al-Jaishia (about 8 km east to Agaba city).
These five sample locations are illustrated in Fig. 1. The
rocks in the study areas are part of the Precambrian Ara-
bian Shield of Jordan which is locally called Agaba Com-
plex [3, 4]. The estimated amount of Feldspar reserves
in Al-daishia, which is the area under study in the current
research, exceeds 115 million tons [5].

Several materials have been exploited as a replace-
ment material in concrete mixtures in the last decades.
For instance, palm oil boiler clinker was used by [7] as a
substitution material for natural fine aggregate in cement
mortar. The compressive strengths of the mortar were
enhanced after a curing period of 28 days. In addition,
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Figure 1: Location map of the Feldspar deposits
existing in the southern part of Jordan adapted after [2, 6]

the utilization of sand waste marble dust as an additive
in cement production was investigated by [8] and the ob-
tained results were encouraging. Ones of the most pop-
ular materials that were used in concrete as replacement
for cement are silica fume and fly ash [9]. The authors
showed that the compressive strength increased when
10% of cement was replaced by Silica fume and Fly ash.
Since Feldspar is a material rich in sodium and potas-
sium, it was considered as a potential source of alkalis
released into the concrete pore solution and contributed
in activating the alkali—-aggregate reaction [10]. The im-
pact of the aggregate contents of quartz and K-Feldspar
on the microstructure and mechanical properties of Geo-
polymeric bricks was studied by [11]. The results indicat-
ed that the compressive strength of Geopolymeric bricks
did not remarkably affected by the aggregate contents
of quartz and/or K-Feldspar. In [12], Mortars with differ-
ent alkali-bearing Feldspar minerals released significant
amounts of alkali ions. The study indicated that the mor-
tars containing feldspar showed a steady state of alkali
release during the age of specimens. In [13], the effect of
replacing cement with Mica and Feldspar on rheological,
mechanical, and durability of self-compacting mortars
were investigated. The cement partially replacement ra-
tios with Mica and Feldspar were 10, 20, and 30%. A little
decrease in the mechanical properties was observed by
Mica and Feldspar replacement. In [14], mineral and en-
gineered Feldspars were used as a partial replacement
of white cement. The replacement ratios were 15% and
25% of the cement weight. The results showed that the
engineered Feldspar avoided the alkali-silica reaction ef-
fect regardless of its alkaline content. Furthermore, the
thermal properties of the white cement were improved
by adding Feldspar. In [15], Feldspar was examined as
a partial and total replacement material for sand in white
cement mortars. The thermal and optical properties of
white cement mortar improved by replacing sand with
Feldspar. However, the replacement degenerated the
mortars resistance.
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In this research, the Feldspar that exists in Al-Jaishia
area was investigated as a partial alternative material
for cement and sand in cement mortar. Al-Jaishia area
was explored through Global Positioning System (GPS)
navigation and samples of Feldspar raw material in this
area were collected. Then, tests were carried out on both
cement paste and cement mortar by partially replacing
cement and sand with the collected Feldspar at differ-
ent ratios. The properties of both fresh and hardened
cement mortar were examined. This research paper will
proceed as follows. First, a section is dedicated for the
exploration of Feldspar. Then, the experiments for ce-
ment mortar are illustrated. Finally, results and discus-
sion in addition to the conclusion are introduced at the
end of paper.

EXPLORATION OF FELDSPAR EXISTING IN
AL-JAISHIA AREA

The coordinates of the four boarder points along with the
center point of Al-Jaishia area (5x10.5 km) were taken
out from the Natural Resources Authority (NRA) map
provided by [16, 17], resulting in a total of five points
(Fig. 2). In order to take the advantage of the seman-
tic features (e.g.; roads, highways, mountains, ..., etc.)
appearing Google Earth® software, these five points
were located on Google Earth® software (Fig. 3). Then,
a site GPS navigation for the Google Earth® points was
performed using the GPS unit integrated in smartphone
device and samples of Feldspar raw material were col-
lected from different zones in Al-Jaishia area and taken
to the lab for analysis.

]
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Figure 2: Compiled geologic map for Al-Jaishia area
adopted after [16, 17]
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Figure 3: Al-Jaishia area on Google Earth® software

The points' coordinates were transformed from the
Palestine Grid Projection coordinate system utilized
in the Natural Resources Authority map [16, 17] to the
WGS 1984 ellipsoid coordinate system used by Google
Earth®. First, the point coordinates were transformed
from the Palestine Grid Projection coordinate system
to the Clarke 1880 (Benoit) ellipsoid coordinate system
(the ellipsoid on which the Palestine Grid Projection is
based) according to the parameters illustrated in Table 1.
Then, a coordinates transformation was completed from
the Clarke 1880 (Benoit) ellipsoid coordinate system to
the WGS 1984 ellipsoid coordinate system according to
the parameters shown in Table 2. A detailed explanation
of the transformation process can be found in [18]. The
coordinates of points in question in both of the Palestine
Grid Projection coordinate system and the WGS 1984
ellipsoid coordinate system are listed in Table 3.

EXPERIMENTS OF FELDSPAR REPLACEMENT

Two sets of experiments were performed in the current
research and denoted as Set 1 and Set 2. For Set1 of
experiments, the tests were performed on cement paste.
The normal consistency test was applied to measure the
water content of specimens. Besides, the setting times
for specimens were measured by applying the initial and
final setting time tests. On the other hand, Set 2 of exper-
iments was conducted on cement mortar. In this set of
experiments, the mechanical properties of cement mor-

-

Table 1: Parameters of Palestine Grid projection
adopted after [19, 20]

Palestine Grid
Clarke 1880 (Benoit)
6,378,300.789m
293.4663155389802
Transverse Cylinder
Cassini-Soldner
31.73409694444445°
35.21208055555556°
170,251.555 m
1,126,867.909 m

Parameter

Ellipsoid
Semi-major Axis
Inverse flattening

Projection Type
Projection Name
Latitude of Origin

Central Meridian
False Easting
False Northing

Scale Factor 1

Datum Palestine_1923
EPSG Code 28191

Usage Cadastral/Engineering

tar specimens were investigated though applying com-
pression, flexural, and heat resistance tests. The details
of all tests are explained in the following sub-sections.

Materials

In this study, the primary components used for prepar-
ing both of cement paste and cement mortar specimens
were cement, sand, and Feldspar collected from the
site. Ordinary Portland Cement (OPC) produced by the
AL-Manaseer Company was used based on [22]. Lo-
cal sand was used for mix designs with saturated sur-
face-dry (SSD) conditions conformed to the standard
specifications stated in [23]. The size of used sand par-
ticles was determined as the size of particles passing
through sieve #4 (4.75 mm) to sieve #200 (0.075 mm).
The gradation curve of sand was obtained according to
the standard [24] resulting in a fineness modulus of 2.50.
Feldspar raw samples, which are ranged in size from me-
dium to coarse grains [17], were obtained from Al-Jaishia
area as described earlier. The Feldspar samples were
washed and sieved. The sizes that passed from sieve #4

Table 2: Transformation parameters from Clarke 1880 (Benoit) ellipsoid to WGS 1984 ellipsoid adopted after [21]

Ellipsoid Aa (m) Af

AX (m) AY (m) AZ (m)

Clarke 1880 (Benoit) -163.790 -5.47E-05

-200 -53 282

Table 3: Points' coordinates for Al-Jaishia area

Point Palestine Grid Projection WGS 1984 Ellipsoid
Easting (m) Northing (m) Latitude Longitude
C 165000 882250 29.527885409°N | 35.158650331°E
1 162500 877000 29.480509148°N | 35.132898184°E
2 167500 877000 29.480529839°N | 35.184452213°E
3 167500 887500 29.575256370°N | 35.184426460°E
4 162500 887500 29.575235599°N | 35.132824377°E
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(4.75 mm) and retained at sieve #100 (0.150mm) were
used as partial replacement material for sand. Whereas,
the sizes that passed from sieve #200 (0.075mm) were
crushed by a ball mill and used as partial replacement
material for cement (Fig. 4). The chemical composition
and physical properties of both cement and Feldspar are
summarized in Table 4 where it can be inferred that the
component that has the highest percentage in cement
is CaO (66.2%), whereas the main component of Feld-
spar is SiO, (71.4%). In addition, the gradation curves for
sand and Feldspar are shown in Fig. 5.

Figure 4: Feldspar passed from sieve #200 (0.075mm)
and crushed by ball mill (used as a partial replacement

material for cement)
100 -
90 =
i 30 —4—Sand
=z 70 /
g 60 = —Feldspar 7
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& 40
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Figure 5: Grain Size Distribution for sand and Feldspar

Specimen preparation

As mentioned earlier, two sets of experiments were per-
formed. For Set 1, the control mix (0% cement/Feldspar
replacement) was prepared and assigned as Control 1.
Then, a ratio of the cement used in the cement paste
was replaced by Feldspar at different ratios (5%, 10%,
15%, 20%, and 25%) resulting in five additional mixes
(Mix 1 to Mix 5). The properties of mixes are shown in
Table 5.

For Set 2, the control mix (0% cement/Feldspar replace-
ment and 0% sand/Feldspar replacement) was prepared
and assigned as Control 2. Two groups of specimens for
cement mortar were prepared. In the first group of spec-
imens (Group 1), Control 2 along with five ratios (5%,
10%, 15%, 20%, and 25%) for cement/Feldspar replace-
ment were used. While, in the second group (Group 2),
Control 2 along with five ratios (5%, 10%, 15%, 20%, and
25%) for sand/Feldspar replacement were used. The
proportion of cementitious material to fine aggregate to
water for Control 2 was set as 1: 2.75: 0.485 according
to [25]. The two groups of specimens are illustrated in
Table 6 and Table 7.

Tests Procedure

After completing the specimen preparation, experiments
for Set 1 and Set 2 were performed. In the cement paste
set of experiments (Set 1), cement/Feldspar replace-
ment was investigated. Normal consistency test and
setting time tests were carried out on Control 1 and Mix
1 to Mix 5. The normal consistency test was conducted
using the Vicat apparatus according to [26] to measure
the normal consistency of the cement paste specimen.
As indicated in the aforementioned reference, the normal
consistency is defined as the amount of water required
for the Vicat plunger (10mm in diameter) to penetrate the
cement paste specimen by 10 mm in 30 seconds. For ini-
tial and final setting time tests, the Vicat apparatus was
used according to the testing standard indicated in [27].
The initial setting time is defined as the time required for
a Vicat testing needle of 1 mm diameter to penetrate the
specimen by 25 mm. Whereas, the final setting time is

Table 4: Properties of consumed materials

Chemical properties . . Fineness | Density
(%) SiO, | CaO | MgO | Fe,O, | ALO, [ TiO, | Na,0 | K,O | MnO Modulus | (g/cm?)
Cement (OPC) 17.38 1 66.2 | 0.02 | 9.69 - 1086 - [112] -- 3.15 3
Feldspar 714 [1.041 037 103 | 139 |0.85] 5.30 |4.90| 0.03 2.80 2
Table 5: Cement/Feldspar ratios of mixes used for cement paste experiments (Set 1)
Mix Number Cement Content (g) Cement/Feldspar Replacement (%) Feldspar Content (g)
Control 1 300 0 0
Mix 1 285 5% 15
Mix 2 270 10% 30
Mix 3 255 15% 45
Mix 4 240 20% 60
Mix 5 225 25% 75
180 Istrazivanja i projektovanja za priverdu ISSN 1451-4117
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the time required for no penetration of the Vicat testing
needle into the specimen.

In cement mortar set of experiments (Set 2), three tests
were performed: compression test, flexural test, and
heat resistance test. The compression test was carried
out at room temperature (20°C - 24°C) according to [25]
using cubes 50 x 50 x 50 mm in size. The flexural test
was performed at room temperature by loading a simply
supported prism beams of size 40 x 40 x 160 mm at their
mid-spans according to [28]. Finally, for heat resistance
test, the residual compressive strength was observed for
specimens at elevated temperatures of 400°C, 600°C,
and 800°C according to [29].

Two groups of tests were completed for the Set 2 experi-
ments. For Group 1 of the tests (cement/feldspar replace-
ment), both compression and flexural tests were carried
out on different mixes (Control 2 and Mix 6 to Mix 10) at
specimen ages of 3, 7, and 28-days. Heat resistance test
was conducted on the same mixes (Control 2 and Mix 6
to Mix 10) at a specimen age of 28-days. Whereas, for

-

sistency tests were conducted to calculate the amount
of water content in the cement paste corresponding to
the different ratios of cement/Feldspar replacement (see
Table 8 and Fig. 6). The table and figure depict that the
value of water content increased by the increment of
cement/Feldspar replacement ratio. Concerning setting
time tests, as shown in Table 9 and Fig. 7, both initial
and final setting times increased by the increment of ce-
ment/Feldspar replacement ratio. The reason behind the
above results is that the ordinary Portland cement (OPC)
has two components (C,A and C,S) that control amount
and temperature of hydration reaction and setting time.
Accordingly, when replacing the cement by other materi-
al (Feldspar), the amount of these two components (C,A
and C,S) decreases and results in increase of the water
content and both of initial and final setting times. Further-
more, comparing to cement particles, Feldspar particles
absorbs high amount of water in the mixture owing to
their fine composition.

Table 8: Results for normal consistency test

Group 2 of tests (sand/feldspar replacement), compres-
sion and flexural tests were executed on different mixes Mix Num- | cement/Feld- |\ . con- .
(Control 2 and Mix 11 to Mix 15) at specimen ages of ber spar Rep:ace- tent (g) WIC (%)
3, 7, and 28-days. It should be noted that, for all tests ment (%)
performed for Group 1 and Group 2, the obtained results Control 1 0 84 28%
represent the average results for three specimens. Mix 1 5% 93 31%
RESULTS AND DISCUSSION Mix 2 10% 102 34%
c ¢ ¢ Mix 3 15% 105 35%
men
ement paste Mix 4 20% 111 37%
In this sub-section, the results obtained for Set 1 (ce- Mix 5 25%, 120 40%
ment paste) of experiments are illustrated. Normal con-
Table 6: Cement/Feldspar ratios used for cement mortar experiments (Set 2/Group 1)
. Cement Con- | Sand Con- | Water Con- Water/Ce- | Cement/Feld- Feldspar
Mix Number ten (g) tent (g) tent (g) mentitious | spar Replace- Content (g)
9 9 9 Material (%) | ment (%) 9
Control 2 300 825 145.5 48.5 0 0
Mix 6 285 825 145.5 48.5 5% 15
Mix 7 270 825 145.5 48.5 10% 30
Mix 8 255 825 145.5 48.5 15% 45
Mix 9 240 825 145.5 48.5 20% 60
Mix 10 225 825 145.5 48.5 25% 75
Table 7: Sand/Feldspar ratios used for cement mortar experiments (Set 2/Group 2)
. Cement Con- | Sand Con- | Water Con- Water/Ce- | Cement/Feld- Feldspar
Mix Number ten (g) tent (g) tent (g) mentitious | spar Replace- Content (g)
9 9 9 Material (%) | ment (%) 9
Control 2 300 825 145.5 48.5 0 0
Mix 11 300 784 165.4 48.5 5% 41
Mix 12 300 743 185.8 48.5 10% 83
Mix 13 300 701 205.6 48.5 15% 124
Mix 14 300 660 2255 48.5 20% 165
Mix 15 300 619 2454 48.5 25% 206
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Figure 6: Water content versus cement/Feldspar
replacement percentage
Table 9: Initial and final setting times
Cement/Feld- | Initial Set- | Final Set-
Mix Number | spar Replace- | ting Time | ting Time
ment (%) (min.) (min.)
Contro I1 0 45 144
Mix 1 5% 47 149
Mix 2 10% 51 155
Mix 3 15% 54 161
Mix 4 20% 56 163
Mix 5 25% 60 167

—@— Initial
— B Final

Setting Time (min.)
[=
=}

0% 5% 10% 15% 20%
Cement/Feldspar Replacement (%o)

25%
Figure 7: Setting time versus Feldspar percentage

Cement mortar

For Set 2 (cement mortar) of experiments, compression,
flexural, and heat resistance tests were performed for
Group 1 of the specimens (cement/Feldspar replace-
ment), while only compression and flexural tests were
conducted for Group 2 of the specimens (sand/Feldspar
replacement).

Cement / Feldspar replacement

The results obtained for the compression tests con-
ducted on Group 1 (cement/Feldspar replacement) are
shown in Fig. 8, while results for flexural tests are shown
in Fig. 9. The figures reveal that the best results at all

182

ages of the specimens for both compressive and flex-
ural strengths were obtained for Control 2 (0% cement/
Feldspar replacement). Results then deteriorated by in-
creasing the replacement ratio. The reason, according
to [13], is that when the Feldspar is added to the cement
mixture it absorbs a part of the existing water needed to
complete the hydration process which thereby results in
drying the mixture and causes a reduction of strengths.
As observed during the experiments, the percentages of
reduction of both compressive and flexural strengths ob-
tained at different replacement ratios comparing to that
obtained for Control 2 (0% cement/Feldspar replace-
ment) improved by increasing the age of specimen from
3 to 28 days. For instance, at 3-days age of specimen,
the percentages of reduction of compressive strength
were 22, 40, 44, 48, and 51% for 5, 10, 15, 20, and 25%
replacement ratios, respectively. Whereas, at 28-days
age of specimen, the percentages of reduction of com-
pressive strength were 9, 16, 30, 31, and 35 % for 5, 10,
15, 20, and 25% replacement ratios, respectively. This
is due to the high pozzolanic reaction of Feldspar devel-
oped gradually by the reactive amor-phous SiO, content
of Feldspar [7].

25

1

Compressive Strength (MPa)
- — W
n o 2] [=]

Age (days)

0

7 28
3 0% Replace. 7.56 12.49 23.32
0 5% Replace. 5.92 9.59 21.28
0 10% Replace. 4.56 8.36 19.55
O 15% Replace. 4.23 8.17 16.38
B20% Replace. 3.94 7.58 16.07
25% Replace. 3.72 6.47 15.18

Figure 8: Compressive strengths for cement/Feldspar

replacement
5
-
=
E 4
<
o0
E 3
£
v
i
& 2
7
Z
£
0 E: Age (days)
3 7 28
m0% Replace. 1.87 2.69 4.25
05% Replace. 1.45 2.06 3.87
m10% Replace. 1.17 1.79 3.56
015% Replace. 1.06 1.69 291
[320% Replace. 1.01 1.6 2.88
025% Replace. 0.93 1.41 2.65

Figure 9: Flexural strengths for cement/Feldspar
replacement

The results obtained for heat resistance tests at elevated
temperatures of 400, 600, and 800°C are demonstrated
in Fig. 10. As can be concluded from the figure, the re-
sidual compressive strength at all elevated temperatures
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increased from the 0% cement/Feldspar ratio (Control
2) to 15% ratio (Mix 8). At 400°C elevated temperature
for instance, the percentages of increasing of residual
compressive strength with respect to Control 2 were 3,
5, 19% for 5, 10, 15% cement/Feldspar replacement ra-
tios, respectively. By contrast, the residual compressive
strength decreased from 15% ratio (Mix 8) to 25% ratio
(Mix 10) at all elevated temperatures. Referring back to
Table 4 to analyze the trend of results from 0% to 15%
ratios, we notice that the fineness moduli of cement and
Feldspar are 3.15 and 2.80, respectively. This means
that the particle size of Feldspar is finer than that of
cement and, by consequence, Feldspar has a specific
surface area higher than cement. As reported in [30],
the decrease in particle size (increase in specific sur-
face area) results in the increment of water absorption
capacity. Additionally, the lower thermal conductivity co-
efficient of Feldspar results in higher thermal resistance
[13] which leads to the increment of residual compres-
sive strength. In contrary, from 15% to 25% replacement
ratios, the Feldspar works as a filling material (not binder
material) resulting in the decrease of residual compres-
sive strength. In general, the best results at all replace-
ment ratios were obtained for 400°C and then became
worse when increasing the temperature to 800°C as the
Calcium-Silicate-Hydrate (C-S-H) bonding is broken af-
ter reaching such high temperatures.

25

20

15

10

Compressive Strength (MPa)

5

e e e e
e e

0 Temprature

(K9]

400 600

0% Replace. 20.3 15.42 5.01
O 5% Replace. 20.93 16.13 3.63
m10% Replace. 21.28 17.18 6.03
O15% Replace. 24.21 18.47 6.39
O20% Replace. 19.78 15.07 5.46
025% Replace. 19.65 14.93 5.37

Figure 10: Residual compressive strength test results
for Cement/Feldspar replacement

Sand / Feldspar replacement

For Group 2 (sand/Feldspar replacement), compression
and flexural tests were conducted on different speci-
mens. The obtained results for compression and flexural
tests are shown in Fig. 11 and Fig. 12, respectively. The
figures reveal that the best results for both compressive
and flexural strengths were obtained for Control 2 (0%
sand/Feldspar replacement). Then, results disintegrated
via the increase of sand/Feldspar ratio from 0% to 25%.
We call back Fig. 5 (Grain Size Distribution for sand and
Feldspar) in order to analyze this disintegration of re-
sults. Fig. 5 depicts that the particle size of sand is finer
than that of the used Feldspar. Moreover, as mentioned
earlier, the fineness modulus for sand was 2.50 where-
as the fineness modulus for Feldspar was 2.80. As the
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particle size increased, both compressive and flexural
strengths decreased. This is in agreement with the re-
sults obtained by [31]. Replacing sand with Feldspar led
to weakening the bonding between the surface of Feld-
spar particles and the other components of cement mor-
tar and, thereby, reducing the compression and flexural
strengths [13]. It should be emphasized for future work,
that the mechanical and chemical activation methods
should be applied to the cement mortar specimens in
order to improve their performance for both cement and
sand replacements. However, this is out of the scope of
this research. Similar to the results behavior illustrated in
the above sub-section (for cement/Feldspar replacement
experiments), the increase of specimen's age from 3 to
28 days enhanced the values of both compressive and
flexural strengths. At 3-days age of specimen, the per-
centages of reduction of compressive strength compar-
ing to Control 2 were 6, 24, 38, 41, and 48% for 5, 10, 15,
20, and 25% replacement ratios, respectively. While, at
28-days age of specimen, the percentages of reduction
of compressive strength were 5, 16, 17, 21, and 26 % for
5, 10, 15, 20, and 25% replacement ratios, respectively.

25

20

Compressive Strength (MPa)

5 E"

Age (days)

3 28

0% Replace. 7.56 12.49 23.32
B5% Replace. 7.14 11.87 22.1
M 10% Replace. 5.77 10.53 19.68
O 15% Replace. 4.68 9.05 19.29
020% Replace. 4.45 8.24 18.34
025% Replace. 3.9 7.75 17.22

Figure 11: Compressive strengths for sand/Feldspar

replacement
5
=
% 4
<
=11
g 3
@
k4
Z 2
Z
9
&
=
1
S 2
0 :a [ Age (days)
7 28
m0% Replace. 1.87 2.69 4.25
05% Replace. 1.74 2.54 3.98
m10% Replace. 1.43 2.31 3.58
B15% Replace. 113 1.93 3.48
020% Replace. 1.09 1.79 3.29
E25% Replace. 0.94 1.68 3.14

Figure 12: Flexural strengths for sand/Feldspar
replacement

CONCLUSIONS

This research explored and evaluated Feldspar as a par-
tial replacement material for each of cement and sand in
cement mortar. The study also was extended to investi-
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gate the properties of cement paste relevant to cement/
Feldspar replacement. Results showed that the increase
of cement/Feldspar replacement ratio from 0% to 25%
led to an increment of the water content, initial setting
time, and final setting time for cement paste specimens.
Additionally, for cement mortar specimens, the compres-
sive and flexural strengths decreased by increasing each
of cement/Feldspar and sand/Feldspar replacement
ratios from 0% to 25% at all specimen ages. Residual
compressive strength for the cement mortar at all ele-
vated temperatures grew up by increasing the cement/
Feldspar ratio from the 0% to 15%. Then, the residual
compressive strength decreased back by increasing
the ratio from the 15% to 25%. The best result for the
residual compressive strength was obtained at 15% ce-
ment/Feldspar replacement ratio and 400°C elevated
temperature. This reflects the positive impact of cement/
Feldspar replacement on the ability of cement mortar to
resist the possible high temperatures and, as a conse-
quence, improve its durability.
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