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Abstract— This research describes the Dir-Utror volcanics in terms of geochemical analysis and compressive strength results to determine
their Pozzolanic properties. Adding pozzolana to cement mortar enhances compressive strength by providing a supplementary binding material
that reacts with calcium hydroxide to form additional cementitious compounds. This not only improves the overall durability of the mortar but
also reduces the risk of cracks, making it an economically viable solution for constructing robust and long-lasting structures. For this purpose,
this research concentrates on exploring the Pozzolanic characteristics using the X-ray Florescence technique, to illustrate chemical composition,
and compressive strength test using 2 inch or 50 mm mortar cube. According to chemical composition and compressive strength results and
by comparing it with the standard cube compression results with Ordinary Portland Cement (OPC), these materials are suitable to use as an
additive or substitute for cement replacement. Four different samples were collected from the same region three of them, at 28 days of age, gave
satisfactory results, while a single sample (sample 2) had less compression result than the standard cubes, cured for 28 days, according to the
graphs’ trend lines. A total of 78 (2-inch) cubes were made, 6 considered to be standard (OPC) and 72 for 4 different samples. Three cubes for
each ratio, such as by 15%, 25 and 35%, have been prepared and have taken the average value for each Pozzolan-ratio sample. The 1st series,
36 Pozzolan cubes’, compressive strength results were conducted after 14 days of age which was not as satisfactory as the 2nd series cured for
28 days of age.
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I. INTRODUCTION preeminent sources in which the naturally occurring Pozzolan is present in
the form of volcanic ash resulting from a volcanic phenomenon and can be
allocated in Europe and the Middle East [5]. This volcanic ash’s Pozzolan
is famous for use in concrete during wet conditions. Pozzolan can also be
obtained from burnt and crushed clays, like bricks and this has proved to
be more efficient than volcanic ash [6]. Another type is furnace slag which
is produced as a by-product of industrial materials, such as the by-product

Pozzolan can be defined as, a material that has less or no cementing proper-
ties but can develop a reaction with the calcium hydroxide in the presence
of water [1]. Pozzolan is used as a cheap alternative to cement mortar hav-
ing a major composition of silica and is divided into two main types such
as natural Pozzolan and artificial [2]. Workability and durability can be
increased when Pozzolan lowers the mortar’s heat of hydration, the heat
produced during cement reaction; on the other hand it also resists and
controls the alkali-silica reaction and sulfate attacks [3]. To conserve en-
ergy, strenuous research has been done for the production of less energy-
intensive materials in the form of fly ash, slag, and natural Pozzolan and
suggested that the natural Pozzolan could be in the form of fly ash which is
considered the original Pozzolan (ASTM C618), diatomaceous earth, burnt
clays, opaline chert and shale [4]. Pozzolan could be collected from the five

of manufacturing steel [7]. The last variety can be collected from burnt or-
ganic coal or lime, butit has been shown thatitis not suitable for mortar ce-
ment. The last and final type of Pozzolan is in the form of crushed rock and
sand [8]. Besides workability and durability, Pozzolan is important to bring
down the amount of carbon dioxide, emitted to the atmosphere during ce-
ment manufacturing, which is estimated as 7 percent of the total green-
house gas, contributing to global warming. Minimize the energy consump-
tion in manufacturing cement can indirectly decrease by using such kind of
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materials as an additive stuff as silica fume, slag, and natural Pozzolan. As
a result, inexpensive environment-friendly cement can be obtained. Poz-
zolan produces calcium silicate hydrate bond in response to containing
amorphous silica which reacts with calcium and make an additional ce-
mentation bond calcium-silicate hydrate (CSH). This resultant compound
is more resistive than ordinary binder matrix [9, 10]. Ancient and gigantic
structures in different parts of the world such as Greece, Egypt, and Rome,
stood by materials having Pozzolan. It has also been concluded that these
people had used crushed pottery during the period of Minoan (3000-5000
B.C) [11]. Recent research has illustrated that a water storage tank made
in the ancient city of "Camiros" which was manufactured around 400-500
B.C, contains volcanic earth of about 20% of the mass of the concrete [12].
Romans made use of Pozzolan by adding it into some proportion of lime
and rubble introduced the amount of water needed and then obtained a
compacted mass by ramming the mixture. They also used grounded pur-
ple or red tuff present in the vicinity of Naples (Pozzuoli) and mixed it with
lime and sand [13]. They also used pottery or tiles when it was hard to find
Pozzolanic earth. Many Structures were made by Romans and have been
shown the combination of Pozzolanic materials and lime in concrete sam-
ples, these structures have survived about 2000 years having a 42m-span
dome in the location of Pantheon, Rome which can be considered a good
example among the several [14]. Lime-Surkhi (crushed clay bricks) is also
one of the Pozzolan types that were used from the 19th century for canals
and dam works because of certain important properties like low shrink-
age value, impermeable structure, and the capacity to accommodate inter-
nal stresses, due to these characteristics it is still in use. The demand for
Pozzolan was and still is going in an upward direction in Europe [15]. An
aqueduct was made in loss Angeles in the United State in 1912, in which
1x108 kg of Pozzolan cement were used which was composed of 50% of
OPC (Ordinary Portland Cement) and 50% of deeply altered rhyolite [16].
Some structures have been made under the control of the U.S Bureau of
Reclamation for example Arrowrock Dam; which Pozzolan had used but
it has proven poor due to surface weathering and being repaired in 1976,
although a report was made which showed this concrete has no problem
from inner side [17].

Prior, the US investigation of American Pozzolan suggested that adding
Pozzolan to the concrete mixture makes the type of concrete more durable
in terms of permeability and more resistant to the action of enough ag-
gressive water. This property Pozzolan was used in the Bonneville Dam
and Friant Dam by 1935 and 1942 respectively [18]. The first real Poz-
zolan used in the Friant Dam which is composed of pumacite and calcined
opaline shale was used in the Davis Dam in 1950. This used amount of Poz-
zolan saved approximately $301,000. The contemporary use of Pozzolan
in Asia, Europe, and America and being used in ancient civilized structures
proved Pozzolan to be a beneficial material in construction management
[19, 20]. The solid portion of the earth's crust consists of 5% extrusive ig-
neous rocks, and these rocks are distributed within all six continents and
have covered a large portion of the developing countries in South and Cen-
tral America, Africa, Asia, and Australia [21]. Natural Pozzolan can occur
in two forms; a consolidated form, usually in a solid mass, or an unconsol-
idated, fragmental form. Some fragmental deposits are present in ‘“Tosca’
and 'Tetin'. Both are volcanic ash deposits and also present on a huge scale
in Japan and New Zealand [22].

Laboratory study on the strength development of concrete containing
fly ash and optimum use of fly ash in concrete was done. Fly ash was added
according to the partial replacement method in mixtures. A total of 28 mix-
tures with different mix designs were prepared. 4 of them were prepared
as control mixtures with 250, 300, 350, and 400 kg/m3 cement content in
order to calculate the Bolomey and Feret coefficients (KB, KF). Four groups
of mixtures were prepared, each group containing six mix designs and us-
ing the cement content of one of the control mixtures as the base for the
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mix design. In each group 20% of the cement content of the control mix-
ture was removed, resulting in starting mixtures with 200, 240, 280, and
320 kg/m3 cement content. Fly ash in the amount of approximately 15%,
25%, 33%, 42%, 50%, and 58% of the rest of the cement content was added
as partial cement replacement. All specimens were moist cured for 28 and
180 days before compressive strength testing. The efficiency and the maxi-
mum content of fly ash that gives the maximum compressive strength were
obtained by using Bolomey and Feret strength equations. Hence, the max-
imum amount of usable fly ash amount with the optimum efficiency was
determined [23].

This study showed that strength increases with increasing amount of
fly ash up to an optimum value, beyond which strength starts to decrease
with further addition of fly ash. The optimum value of fly ash for the four
test groups is about 40% of cement. Fly ash/cement ratio is an important
factor determining the efficiency of fly ash.

The main aim of the present research work is to evaluate the volcanic
rocks of the Dir Group northwestern KIA for its Pozzolan potential. This
aim can be obtained with the following objectives.

¢ To find out the major oxides of the volcanic rocks X-ray Fluores-

cence technique is required.

» To find out the compressive strength of the concrete made up of the

Pozzolanic materials/volcanic by using ASTM standard procedure.
¢ To compare the obtained results with some standard known Poz-
zolans around the world.

II. MATERIALS AND METHOD

Different methods have been applied on pozzolana usage in the prepara-
tion of cement mortar by many scientists. One of the researchers worked
in such a way that the series of mortar specimens first was created with
replacement levels of 0%, 10%, 20%, 30%, and 40% of natural pozzolana.
These specimens were then continuously cured at 20, 40, and 60% Celsius
with saturated humidity. The second set, which included just 20% natural
pozzolan, was heated to high levels for one, three, and seven days before
being cured in a saturated atmosphere at 20 °C [24]. Also, local ordinary
Portland cement with a fineness of 350 m2/kg was used for all the mixes.
The natural pozzolana used in this work was from Beni-Saf quarry in the
west of Algeria. The limestone and pozzolana were ground in a labora-
tory mill to a specific surface of 370 m2 /kg and 420 m2 /kg-1 respectively
[25, 26].

This section of our research mainly focuses on the tests conducted on
the collected samples including both analytical and Strength tests. The an-
alytical test conducted on the samples is mainly XRF. This test is done to
find out the details of the major oxides present in the samples. The strength
tests include only the compressive strength test, which is conducted on the
cubes made up of concrete having different proportions of pozzolanic ma-
terials and cement. The details of the tests, procedures, and values are pre-
sented in the following sections.

The methodology for this research is comprised of Fieldwork and Lab-
oratory work.

A. Fieldwork

A one-day detailed field was arranged in the proposed research area. The
research area lies within the village of Ayagy Sharqi, which is located in
the northeast of Dir City and to the West of the Shaheed Benazir Bhutto
University Sheringal, at a distance of about 13 km from Sheringal bazaar.
During fieldwork, four samples were collected from three different loca-
tions within Hayagy village. And the sample is denoted by S1, S2, S3 and
S4.
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Fig. 1. Shows locations of collected samples at the village of Ayagai

B. Laboratory work

The laboratory work is composed of two techniques.

¢ Analytical Tests for the major oxides and
¢ Physical Test for the compressive strength of the cubes

For analytical tests, the samples were brought to the Central Resource
Laboratory (CRL) of the University of Peshawar. Major oxides were de-
termined using X-ray fluorescence (XRF) techniques. However, for the
strength tests the required powders for concrete were made in the Geo-
chemistry laboratory of the National Center for Excellence in Geology
(NCEG), UOP. The required cubes (1x1 inch) for the compressive strength
were prepared in the Civil Engineering Lab of UET Peshawar. The compres-
sive strength of cubes both for 14 and 28 days was then determined in the
Civil Engineering Lab of UET Peshawar.
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Fig. 2. Shows Tectonic map of the India-Eurasia collisional zone
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Fig. 3. The geological map of the Kohistan Island Arc

C. X-Ray florescence method

The selected Rock samples are volcanic. These samples were subjected to
analysis geochemistry. The following are the main objectives.

» To evaluate different major oxides

¢ To find out the concentration of these oxides
XRF techniques were used to find out the geochemical composition of
the collected samples. The XRF analyses were carried out on fused disks
called glass beads. Each bead was analyzed for (T;02), (Al203),(Fe203),
M, 0,(Mg0), (C40), (Na20), K20 and (P20s5). The analyses were per-
formed through a PANalytical PW4400/24 spectrometer equipped with
a rhodium anode X-ray tube. International standards, namely WROXI-1,
WROXI-2, WROXI-3, DT-N, SDC-1, PG-1, and G-2 were alternately run with
each batch of five samples to monitor the precision and accuracy of the
machine. The minimum detection limits for major elements are as follows:
T;02 (0.003%), Al203 (0.0039%), Fe203(0.0085%), M5, 0 (0.016%), M40
(0.0055%), C,0 (0.0042%), Na20 (0.0039%), K20(0.0038%) and P205
(0.0013%). Four samples were collected from 4 different locations and
then ground by the Loss Angles machine to make them easy to carry. The
samples were then processed in the laboratory of the National Center of
Excellence in Geology, University of Peshawar.

Major Oxides using XRF technique
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Fig. 4. Shows the concentration of oxide in each sample using X-ray fluorescence tech-
niques

The above figure illustrates the number of major oxides such as
Sodium oxide (Na20), Aluminum oxide (Al203), Magnesium oxide (M40),
Calcium oxide (C,0), Silicon dioxide (S;02), Potassium oxide K20, man-
ganese oxide (M,,0), phosphorous oxide (P205), Iron oxide (Fe203), Tita-
nium oxide (T;02) and loss on ignition (LOI) during the XRF analysis. For
the sake of ready reference, the results are also shown in a graphical display
above the table. In the given graph silicon dioxide (S;02) has the highest
percentage reaching from 50% to 60% in the selected 4 samples. The sec-
ond highest value is for alumina (Al203) which is 20% to 25%. This trend is
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followed by calcium oxide, magnesium oxide, and sodium oxide which are
between 5 to 10 percent. Iron oxide is just under 5% while the rest is less
than the iron oxide. Pozzolanicity increases with an increase in the num-
ber of oxides, particularly Silicon dioxides and Aluminum trioxides, which
produce extra cementitious bonds with calcium.

D. Compressive strength

The sample for the compression test was designed under the specifica-
tion of ASTM C109, Standard Test Method for Compressive Strength of Hy-
draulic Cement Mortars. Overall, in this research, four different types of
Pozzolan samples were selected and denoted by sample numbers like S1,
S2,S3, and S4.

The finer the Pozzolan, the more effective it will be. So, for this pur-
pose, the Pozzolan was ground further and made its powder, and approxi-
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mately the size was reduced to an upper size limit of 45 microns. Further-
more, a 200# sieve was set to screen out the larger particles.

The powder was then carried to make concrete batches in which each
Pozzolan presented three different mixtures with a ratio of 15%, 25%, and
35%. In this way, 24 distinct mixtures were needed for 14 and the same
number is taken out for 28 days of age. We were able to make three mor-
tar cubes, as a sufficient quantity of Pozzolan was available, for each of the
mixtures from the same percent-admixture. So, the obtained total number
jumped to 72 cubes, from which we received an average value for each of
the percent-admixtures. The cubes were then cured for 14 and 28 days
under the ASTM specifications.

Each cube mixture was designed with the sand/cementitious ratio of
3.25/1.25 respectively. Note that the addition of Pozzolan only replaced a
certain portion of cement; meanwhile, the sand and water proportion re-
mained constant throughout the mixing process, as mentioned in Table 1.

TABLE I
SHOWS MIXED PROPORTION OF MORTAR FOR COMPRESSIVE STRENGTH TEST

SetNo.  Series Sand/cementations Ratio ~ Pozzolan (%)  Cement (%)  Water/cement ratio
1 S$1,52,S3,54 3.25/1.25 15 85 0.5
2 S$1,52,S3,54 3.25/1.25 25 75 0.5
3 S1,S2,S3,S4  3.25/1.25 35 65 0.5

After making the paste for each type and percent, the paste is cast
into 2 2-inch or 150mm cubes as required by ASTM C109. Each cube has
rigid sides and open tops, filled partially and tamped 25 times. After 24
hours the mortar cubes were then removed from the molds and kept wet,
wounded in a wet towel, till one day before the compressive test. This
whole process was done at the University of Engineering and Technology
Peshawar (UET) and was tested for compressive strength at the Civil Works
(C&W) laboratory in Balambat Timergara. Besides these admixture cubes,
two standard batches were also prepared, in which no Pozzolan has been
mixed, to compare their results with the Pozzolan cubes. A total of six
cubes were made for standard in which an average value has been taken
out of any three, three for 14, and three for 28 days. The obtained results
have been shown in the following graphical form.

IIIl. PREPARATION OF SPECIMEN MOLD

For the preparation of mortar cubes, ASTM C109 was followed. The first
three cubes were made for each type and ratio of Pozzolan sample, such as
adding Pozzolan by 15%, 25%, and 35% for 14 days. So, the cement ratio
went downward as an increase made in the Pozzolan percent. Through-
out the preparation of cubes, the sand and water ratio remained constant,
though the cement ratio decreased when increased formed in Pozzolan
percent and vice versa. The same method has been followed for making
28 28-day samples. The values in the mentioned table are for six mortar
cubes three cubes for 14 and three for 28 days of age, in each percent Poz-
zolan.

TABLE II
PRESENTS THE MATERIAL NAME AND AMOUNT FOR SIX CEMENT MORTAR CUBES
ACCORDING TO ASTM C109
Serial No.  Material name  Amount
1 Sand 1375 gram
2 Cement 500 gram
3 Water 240 ml

Compressive StrengthiMPa)

c1 c2 c3
35% | 35% | 35%

1639

232

23.2 232 232 232 23.2 | 2

Cement replacement by Pozzolan (%6) and Cube number

ssive Strangth I Standard

Compressive Strength)

Fig. 5. Shows the compressive strength of each cube, cured for 14 days

The above figure is designed to determine the compressive strength of
samplel at three different percentages of Pozzolan, which at 15%, shows
an abruptincrease in the compressive strength, and ranges from 25 MPa to
27.8 MPa and almost 3 to 5 MPa greater than the standard line (23.2 MPa).
The remaining cubes, at 25% and 35% enough less than the standard value.
Overall, the graph shows a continuous decline as pozzolan increases from
15-35%.
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Fig. 6. Illustrates the compressive strength for three cubes in each percent Pozzolan
for 14 days

The figure describes the information about the compressive strength
of sample 2 cured for 14 days. Although Pozzolan by 25% shows a signif-
icant rise, comparatively with 15 and 35% Pozzolan, but did not cross the
standard compressive strength value (23.2) which is almost 3 MPa greater
than mixing Pozzolan by 25%. Overall, here also the compressive strength
trend line shows a negative trend.
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Cement replacement by Pozzolan (%) and Cube number

m— Compressive Srength — Stzndard e Lingar (CompressiveStrangth)

Fig. 7. lllustrates the compressive strength for three cubes in each percent Pozzolan
for 14 days

The figure shows an upward trend by mixing pozzolan at 35% and
crossing the standard line value (23.2MPa). The lowest value is recorded
when Pozzolan is mixed by 15% where the difference to the standard line
is about 10 MPa. This value is followed by mixing the Pozzolan by 25%,
about 20 MPa, which is greater than mixing it by 15%. Overall, the figure
shows a continuous surge as the percentage of the pozzolan increases. The
highest value for Pozzolanic compressive strength is recorded as 28 (MPa)
by mixing Pozzolan 35%.
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Fig. 8. Shows the Compressive Strength for each cube in Sample 4, cured for 14 days

In the given graph the Pozzolanic compressive strength, at 15%, shows
a significant rise, ranging from 25.2 MPa to 27 MPa, and rocketed over
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the standard line (23.2). The remaining cubes, at 25% and 35% Pozzolan
from sample 4, stayed behind the standard line, ranging from 9.8 to 13 per-
cent, randomly. Overall, when cement is replaced by 15% it shows a dra-
matic rise but the Pozzolanic strength decreases as the Pozzolan percent
increases.

A. Discussion

In conclusion, in the above 4 graphs, based on 14 days of age, three differ-
ent percent Pozzolan in 4 samples, showed a takeover on the standard line
by mixing Pozzolan by 15%, 35%, and 15% at S1, S2 3, and S4, respectively,
obtained more strength than the standard compression value (23.2).
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Fig. 9. Based on 28 days compressive strength for each cube in sample1 at 3 different
percent of Pozzolana

In brief, the graph shows a positive trend compared to the standard
value (13.1). The highest compressive strength value is gained by adding
Pozzolan by 25%, which is higher than the standard line (13.1 MPa). The
least compressive strength value is recorded when adding Pozzolan by
15%, although, still greater than the standard line.

Overall, mixing Pozzolan at three different percentages gives more
strength than the standard compression value. The Pozzolanic strength
fluctuated but did not fall below the standard value.
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Fig. 10. Demonstrates the compressive of S2 strength for three different percent Poz-
zolan, based on 28 days of age

In this graph, the Pozzolan strengths trend fluctuates throughout
the graph. Pozzolan at 25% received the highest compression value of
15.6MPa, while often Pozzolan at 15% and 35% did not cross the stan-
dard line, though Pozzolan at 35% shows a bit less value than the stan-
dard line (13.1 MPa). Overall, the Pozzolanic compressive strength's trend
line shows a spike. Cement replacement by 25% stayed upon the standard
compression value and about 2-4 MPa greater than the standard value.
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Fig. 11. Presents the data for Pozzolan compressive strength as a mortar cube, cured
for 28 days at S3

The graph shows that sample 3 pozzolan mix at 15% gives an average
value of 22 MPa which is 7 MPa greater than the standard cube’s compres-
sion value (13.1). Pozzolanic strength decreases as pozzolan percentage
increases, although pozzolanic strength does not fall behind the standard
value on each pozzolan percent admixture.
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u Standard 1Bl 131 | 131 | 131 131 131 131 | 131 | 131
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Fig. 12. Describes the compressive strength of each cube with the age of 28 days at S4

Itis evident from the graph that the resultant value of the compressive
strength ranges from 13.1 MPa to 17 MPa. The lowest value is shown by
25% pozzolan while the highest value of the strength is given by 35% poz-
zolan. A decrease in Pozzolanic compression value is recorded when the
Pozzolan is mixed by 25% but still greater than the standard compression
value (13.1). The overall trend of the compressive strength is positive as
shown by the dashed line on the graph.

IV. RESULTS AND DISCUSSION

Pozzolan is a complex material to define well, but the need for strength
makes it easy to describe. First, chemical composition influences the char-
acteristic of being Pozzolan and secondly, compressive strength testing
could reveal the material's Pozzolanicity more clearly, using precise pro-
cedures and materials. The points below show a summary for the graphs
3.2-39
e Under 14 days of analysis, only Sample 3 shows an increase in
the compressive strength as the pozzolan percent increases, while
Sample 2, 3, and 4 show a downward trend when the pozzolan per-
cent increases from 15 to 35%. However, sample 2 shows a small
increase when pozzolan was mixed by 25% but a decrease from
35% pozzolan.
¢ Under 28 days of analysis, only sample 4 shows a constant increase
in the compressive strength as the pozzolan percentage increases,
while samples 1 2, and 3 show a decrease in strength as the poz-
zolan percentage increases, despite samples 1 and 2 showing an
increase when pozzolan mixes by 25%.

2023

Graphs 4.1 and 4.2 illustrate this scenario in detail.

A. Compressive strength

Following are the results of the compressive strength test.

CompressiveStrength (MPa)

= Pozzolen percentazs

mPozzolan Comprassive Stransth(Mps)
Standard

m— Pozzolan percentag

Standard

Fig. 13. Shows the compressive strength for the total number of samples at three dif-
ferent percent Pozzolan, having age 14 days

The graph represents the average value for 12 Pozzolan mortar cubes
for four samples. All cubes have 15%, 25%, and 35% Pozzolan for cement
replacement. Sample number 1, 3, and 4, in which Pozzolan is mixed by
15%, 35%, and 15% respectively, shows an upward trend compared with
standard compressive strength value (23.2 MPa). Out of a total of 12 sam-
ples, only three samples’ strength crosses the standard value. But the over-
all trend line shows a negative trend as evident from the graph. When
the Pozzolan percentage increases from 15% to 35% then the sample 1
compressive strength shows a downward trend/negative trend. Similarly,
sample 2 shows a fluctuation in compressive strength at different percent-
ages of Pozzolan at 25% the S2 strength reaches 20.3 mega Pascal. How-
ever in sample 3 at 35% Pozzolan crosses the standard line of compressive
strength which has been recorded as the highest strength value for 14 days
of treatment. In this way, sample 4 at 15% has crossed the standard line
and is recorded as 26.1 Mega Pascal and the rest of the samples are under
the standard line.
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Fig. 14. Shows the resultant data based on 28 days of a cure for each Sample having
different percent Pozzolan

The graph and table are designed with the same ratio of sand and wa-
ter but the cement ratio decreases by increasing Pozzolan. Each sample is
divided into three types based on adding 15%, 25%, and 35% Pozzolan. A
significant increase is shown by sample 3 when Pozzolan is mixed by 15%
and gives a strength value of 9 MPa. This value is followed by sample 1
and sample 2 when mixed by 25% giving compressive strength values of
18.4MPaand 17.2MParespectively. The rest of the samples give fluctuation
in the compressive strength value under the black-dotted standard line of
compression.
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In this graph, the overall average Pozzolanic strength line value is
greater than the standard cubes’ compression value. Sample 3 has the
highest recorded value, and the value decreases as Pozzolan percent in-
creases. Sample 1 at 25% has also an appreciable strength value over the
standard value but no straight relation by increasing or decreasing the Poz-
zolan percentage. Sample 4 also shows fluctuation by increasing Pozzolan
percentage and only produces satisfactory results by 35% of Pozzolan re-
placement.

V. CONCLUSION

Based on the above results, the studied rock contains Pozzolanic proper-
ties. Pozzolanic reactions require silica to form a calcium-silicate-hydrate
bond; these materials have more than enough. Most of the time compres-
sive strength is greater than the standard cement value when tested for
mortar mixture. Based on 14 days, only three samples are suitable to use
as a Pozzolan i.e. S1, S3, and S4 have more compressive strength value
than standard value when mixed them as 15%, 35%, and 15% respec-
tively. Based on 28 days of results, almost all samples demonstrate an
effective value of compression comparatively to the standard cube com-
pression value. Only sample 3 at 15% and 25% have less value than the
standard compressive strength value, while the rest of the sample, by vari-
ous percent Pozzolan, provided a positive trend according to the standard
compression value.

VI. RECOMMENDATIONS

Following are the recommendations for this investigation.

« Investigate the influence of different curing conditions on the per-
formance of pozzolana-enriched mortar, considering variations in
time, temperature, and moisture levels to identify the most effec-
tive curing regime.

» Explore the impact of varying particle sizes of pozzolana on the en-
gineering properties of mortar, as different sizes can influence the
packing density and hydration kinetics.

» Assess the compatibility of pozzolana with common admixtures
such as accelerators or retarders, aiming to enhance specific prop-
erties like early strength gain or prolonged workability.

¢ Conduct long-term durability studies, including resistance to
freeze-thaw cycles, sulfate attack, and alkali-silica reactions, to
evaluate the effectiveness of pozzolana in enhancing the resilience
of the mortar.

* Employ advanced imaging and analysis techniques, such as scan-
ning electron microscopy (SEM) and X-ray diffraction (XRD), to in-
vestigate the microstructure of pozzolana-modified mortar, provid-
ing insights into hydration products and interfacial bonding.
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