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ABSTRACT

The concrete is considered as one of the most important building materials. Ordinary Portland cement is used as
binding material in concrete production. The manufacturing process of cement is accompanied with carbon dioxide
emission. The use of green concrete as environmentally friendly material is very important. The local natural pozzolan
(LNP) found in volcanic areas in Almadinah Almunawara in Saudi Arabia may be used as partial replacement of cement
and sand to produce lightweight, environmental friendly concrete with special properties and improved mechanical
properties. The main objective of this study is to investigate the effect of partial replacement of cement by weight with
local natural pozzolan powder in cement mortar cubes to reduce carbon gas emissions and energy in the manufacturing
process of cement. The study also includes the effect of partial substitution for sand used in cement mortars with (LNP)
and with partial substitution for cement with silica fume on its mechanical properties. The use of pozzolan with special
type of cement is recommended by the Saudi Building Code in case of concrete exposed to sulfate and / or chloride with
severe exposure. The experimental work was carried out on 84 cement mortar cubes (50 mm in size). The specimens
comprised two groups: cement replacement by weight with (LNP) powder at levels ranged from 10% to 40% and sand
replacement by volume with (LNP) at levels ranged from 10% to 40% in addition to cement replacement by weight with
silica fume at levels ranged from 0% to 10%. The specimens were tested at 28 and 180 days. The utilization of (LNP) and
silica fume showed a marked influence on the mechanical properties of cement mortar especially in the case of sand

replacement with (LNP).

Keywords: cement, sand replacement, local natural pozzolan, silica fume, mortar, mechanical properties.

1. INTRODUCTION

The natural pozzolan is locally available in
volcanic areas in Al-Madinah Al-Munawarah, KSA. It
contains siliceous and aluminous materials. It can be used
in blended cement manufacturing because of its
availability [1]. It can be used as mineral admixtures for
concrete production and it was beneficial to use it in hot
climate regions as a result of the reduction of hydration
rate of cement due to its use as cement partial replacement
[2]. The use of natural pozzolan as cement partial
replacement in high performance concrete had no bad
effect on its performance [3]. The utilization of natural
pozzolan and ferronickel slag in blended cement gave a
reduction in the rate of hydration at early ages [4]. Al-
Chaar et al. [5] used the (NP) as cement replacement in
concrete. The use of natural pozzolan decreased the
hydration rate which is good for concrete exposed to
sulfate attack.

S. Ahmad et al. [6] utilized various mineral
admixtures as a substitution for sand and silica fume in
concrete. The addition of mineral admixtures as fly ash or
blast furnace slag decreased the required quantity of
cement and silica fume [7]. Many studies investigated the
use of supplementary cementing materials as partial
replacement of cement in concrete [8 to 11].

Many researchers have been investigated the
possibility of using various materials as partial substitution
for sand in concrete to improve its mechanical properties.

Ghasan et al. [12] replaced quantity of sand in mortar with
spent garnets in addition to fly ash and they concluded that
the replacement of sand with spent garnets up to 25% did
not affect the strength. The 40% replacement of sand with
spent garnet contributed thermal stability for high strength
concrete [13].

The utilization of plastic waste as a replacement
for sand in concrete had been conducted by many
researches. The replacement of 10% of sand with plastic
waste saved 820 million tons of natural sand yearly [14].
The use of plastic waste as partial replacement of sand in
concrete improved energy absorption for concrete under
impact loading [15].

The utilization of waste foundry sand in concrete
reduced the consistency and compressive strength of it
while the performance of mortar with calcined foundry
sand was the same as of natural sand [16]. Cheah et al.
[17] studied the possibility of sand replacement with
granite quarry. The level of replacement up to 60%
improved both compressive strength and flexural strength.
The substitution for 5% of cement and 15% of sand with
limestone fines improved the compressive strength of
concrete [18].

The replacement of sand with raw vermiculite
decreased the strength of cement mortars when exposed to
high temperatures [19]. The partial substitution for sand
with copper slag was recommended at level up to 50% to
produce environmentally friendly concrete [20].
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In this research, the possibility of utilizing local
natural pozzolan as partial replacement for both cement
and sand in cement mortar cubes with the presence of
silica fume to improve the mechanical properties of
environmental friendly concrete was investigated.

2. MATERIALS

The used materials are natural sand, local natural
pozzolan, silica fume and cement. The properties of
mortar ingredients are as follows.

2.1 Natural Sand and Local Natural Pozzolan (LNP)
Table-1 shows the properties of natural sand and
local natural pozzolan.

Table-1. Natural sand and (LNP) properties.

Natural Sand (LNP)
Bulk density 1670 1100 kg/m’
Specific gravity 2.60 2.51
Moisture 0.10 1.33 %
Absorption 0.21 5.23 %

The (LNP) is the ground form found in volcanic
areas located in Almadinah Almunawara, KSA. The
gradation for the used natural sand and local natural
pozzolan as a partial substitution for sand is shown in
Figure-1. The chemical composition of (LNP) is shown in
Table-2. Parts of the (LNP) were ground to powder to
achieve a fineness of 2000 to 3000 cm?/g.
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Figure-1. Gradation for natural sand and (LNP).

Table-2. Chemical compositions of (LNP).

Oxides SiO, ALO; | Fe O3 CaO
Weight, % 41.12 15.44 17.35 11.21
Oxides Mg O SO; K,0 Na,O
Weight, % 4.47 0.18 1.05 0.25
Loss on ignition 2.2

2.2 Ordinary Portland Cement
Table-3 shows the chemical properties of used
ordinary Portland cement.

Table-3. Chemical properties of cement.

Oxides SiO, AL O, Fe,0; CaO
Weight, % 19.97 5.85 3.43 64.13
Oxides Mg O SO; | LOI (%)
Weight, % 0.6 2.8 1.6
Fineness-Blaine (cm”/g) 3148
2.3 Silica Fume

Table-4 shows the chemical properties of used
silica fume.

Table-4. Chemical properties of silica fume.

Oxides SiO, ALO; Fe,0;
Weight, % 92 1.0 1.0

Oxides CaO Mg O SO,
Weight, % 0.3 0.6 0.3
Fineness-Blaine (cm”/g) 150000-200000

3. EXPERIMENTAL PROGRAM

The experimental work comprises two parts
according to the type of replacement of cement or sand
with (LNP). The first part was the effect of partial
substitution for cement in mortars with (LNP) powder and
the second part was the effect of partial substitution for
sand in mortars with (LNP) in addition to partial
substitution for cement by weight with silica fume on the
mechanical properties of cement mortar cubes.

Eighty-four cement mortar cubes of 50x50x50
mm were prepared. Six cubes as control specimens, 24
cubes of cement replacement by weight with (LNP)
powder at percentages of 10%, 20%, 30% and 40%, 24
cubes of sand replacement by volume with (LNP) at
percentages of 10%, 20%, 30% and 40% without silica
fume, 15 cubes with sand replacement by volume with
(LNP) at replacement levels of 0%, 10%, 20%, 30% and
40% and with 5% substitution for cement by weight with
silica fume, and 15 cubes with sand replacement by
volume with (LNP) at replacement levels of 0%, 10%,
20%, 30% and 40% and with 10% replacement of cement
by weight with silica fume). Figure-2 shows the flowchart
of the experimental work. The prepared specimens were in
accordance with ASTM C 109. The specimens were
covered with polyethylene sheets for 1 day after casting
process. The specimens were demolded after 24 hours and
were immersed in water storage tanks at a temperature of
22 + 2 °C. The specimens were tested after 28 and 180
days of curing.
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Figure-2. Experimental work.

3.1 Test Procedures The ratio of water/cement (w/c) was 0.49 for all
specimens. Tables-5 shows the quantities of used materials
for both cases of cement and sand replacement.

Table-5. Constituent materials used to prepare specimens.

% of
Specimen f'zlp;:el?; q?e(;)ti.s :l)l;d Ng:::laal cljrlrz:l?t sal:(flispl. Silica | Cement | Water w/.c
we¥ght .Volume (gm) (gm) (gm) (gm) (gm) (gm) ratio

with with (LNP)

(LNP)
C0, SO 0% -- 1356 0.0 -- -- 490 239 0.49
C10 10% -- 1356 49 -- -- 441 239 0.49
C20 20% -- 1356 98 -- -- 392 239 0.49
C30 30% -- 1356 147 -- -- 343 239 0.49
C40 40% -- 1356 196 -- -- 294 239 0.49
S10 -- 10% 1220 -- 90 -- 490 239 0.49
S20 -- 20% 1084 -- 180 -- 490 239 0.49
S30 -- 30% 949 -- 270 -- 490 239 0.49
S40 -- 40% 814 -- 360 -- 490 239 0.49
S5FO -- 0% 1356 -- 0 24.5 465.5 239 0.49
S5F10 -- 10% 1220 -- 90 24.5 465.5 239 0.49
5F20 -- 20% 1084 -- 180 24.5 465.5 239 0.49
5F30 -- 30% 949 -- 270 24.5 465.5 239 0.49
5F40 -- 40% 814 -- 360 24.5 465.5 239 0.49
10F0 -- 0% 1356 -- 0 49.0 441 239 0.49
10F10 -- 10% 1220 -- 90 49.0 441 239 0.49
10F20 -- 20% 1084 -- 180 49.0 441 239 0.49
10F30 -- 30% 949 -- 270 49.0 441 239 0.49
10F40 -- 40% 814 -- 360 49.0 441 239 0.49

Mixing was done in an electrically driven (LNP) were 10%, 20%, 30% and 40% and the percentages
mechanical mixer of the epicyclic type conforming ASTM of cement replacement by weight with silica fume were
C305. The percentages of cement replacement by weight 0%, 5% and 10%. Figure-3 shows part of specimens after
with (LNP) powder were 10%, 20%, 30% and 40%, the molding and before curing.
percentages of partial replacement of sand by volume with
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Figure-3. Mortar Specimens (cement and sand replacement).

4. METHODS

4.1 Compressive Strength

Compressive strengths were measured using 50
mm cube specimens after periods of 28 and 180 days of
curing for both cases of cement and sand replacement in
cement mortars without silica fume. The sand replacement
specimens with (LNP) in addition to cement replacement
by weight with silica fume were tested after 28 days of
curing. The reported value was the average of three
specimens tested under compression at each curing period.

4.2 Ultrasonic Pulse Velocity (UPV).

The ultrasonic pulse velocity gives an indication
to how dense is the hardened concrete and its density. The
speed of the wave increases when the concrete is denser
and the strength also increases. The ultrasonic pulse
velocities were measured for tested specimens after 28
days of curing.

5. RESULTS AND DISCUSSIONS
5.1 Compressive Strength

Table-6 shows the compressive strengths of all
tested cement mortar cubes after 28 days of curing.

Table-6. Compressive strength of mortar cubes.

Cement Replacement Sand Replacement Sand Replacement Sand Replacement
(0 % silica fume) (0 % silica fume) (5 % silica fume) (10 % silica fume)
% o, % o % o, % o,
= G comp = G comp = G comp = o comp
1) comp. ) comp. ) comp. ) comp.
£ 8 to that £ 28 to that £ 8 to that £ 8 to that
é days, Wi(:lrllzut é days, Wi(z;llzut é days, wi(;;llzut é days, wiotﬁf)ut
wn MPa LNP 2l MPa LNP 2l MPa LNP n MPa LNP
Co 4591 100.0 SO | 4591 100.0 SFO | 60.52 131.8 10F0 62.62 136.4
C10 | 39.60 | 86.24 | S10 | 48.67 106.0 S5F10 | 56.06 122.1 10F10 | 58.82 128.1
C20 | 37.46 | 81.58 S20 | 47.33 | 103.09 | 5F20 | 54.84 119.4 10F20 | 54.68 119.1
C30 | 26.66 | 58.08 S30 | 44.56 | 97.05 SF30 | 46.43 101.1 10F30 | 51.99 113.2
C40 | 20.80 | 4530 | S40 | 38.25 83.31 SF40 | 42.81 93.25 10F40 | 47.56 103.6
5.1.1 Effect of cement partial replacement by weight of cement mortar with more than 20% of cement

with (LNP) powder

The effect of the cement substitution with (LNP)
powder on the compressive strength of cement mortars
after 28 days of curing is shown in Figure-4. The
compressive strength of cement mortars CO, C10, C20,
C30 and C40 with cement replacement by weight with
(LNP) powder at replacement levels of 0%, 10%, 20%,
30% and 40% are 45.91, 39.60, 37.46, 26.66 and 20.80
MPa, respectively. The effects of percentage of cement
replacement of 10%, 20%, 30% and 40% on strength
reduction were 13.74%, 18.41%, 41.93% and 54.69%,
respectively. It was noticed that the compressive strength

replacement with (LNP) powder showed severe reduction
in compressive strength when compared to those with less
than 20 % of cement replacement after 28 curing days.
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Figure-4. Compressive strength of mortar cubes
(Cement replacement).

5.1.2 Effect of sand replacement by volume with (LNP)
without silica fume

The effect of sand replacement with (LNP) on the
compressive strength of cement mortars after 28 days of
curing is shown in Figure-5. The compressive strength of
cement mortars SO, S10, S20, S30 and S40 with sand
replacement by volume with (LNP) at replacement levels
of 0%, 10%, 20%, 30% and 40% are 45.91, 48.67, 47.33,
44.56 and 38.25 MPa, respectively. The compressive
strength increased by 6% and 3.1% for sand replacement
levels of 10% and 20%, respectively compared with
control specimen and decreased by 3% and 16.7% for sand
replacement levels of 30% and 40%, respectively. It can
be noticed that the compressive strength of cement mortar
with more than 20% of sand replacement with (LNP)
showed low compressive strength when compared to those
with less than 20 % of sand replacement by volume with
(LNP) at 28 days of curing.

N W A U
S O o o O

Comp. Strength, MPa
S

=)

S20
Specimen

Figure-5. Compressive strength of mortar cubes
(Sand replacement and 0% silica fume).

5.1.3 Effect of sand replacement by volume with (LNP)
with 5% cement replacement by weight with
silica fume

The effect of sand replacement by volume with

(LNP) and 5% cement replacement by weight with silica

fume on the compressive strength of cement mortars after

28 days of curing is shown in Figure-6. The compressive

strength of cement mortars SF0, SF10, 5F20, 5F30 and

5F40 with sand replacement by volume with (LNP) at
replacement levels of 0%, 10%, 20%, 30% and 40% are

60.52, 56.06, 54.84, 46.43 and 42.81 MPa, respectively.
The compressive strength increased by 31.80%, 22.10%,
19.45% and 1.10% for sand replacement levels of 0%,
10%, 20% and 30%, respectively compared with control
specimen. It can be noticed that the compressive strength
of cement mortars with more than 30% of sand
replacement with (LNP) showed low compressive strength
when compared to those with less than 30 % of sand
replacement by volume with (LNP) and 5% cement
replacement by weight with silica fume.

0% 10% 20% 30% 40%
Specimen (5 % SF)

Figure-6. Compressive strength of mortar cubes
(Sand replacement and 5% silica fume).

5.1.4 Effect of sand replacement by volume with (LNP)
with 10% cement replacement by weight with
silica fume

The effect of sand replacement by volume with

(LNP) and 10% cement replacement by weight with silica

fume on the compressive strength of cement mortars after

28 days is shown in Figure-7. The compressive strength of

specimens 10F0, 10F10, 10F20, 10F30 and 10F40 with

sand replacement levels of 0%, 10%, 20%, 30% and 40%

are 62.62, 58.82, 54.68, 5199 and 47.56 MPa,

respectively. The compressive strength increased by

36.40%, 28.10%, 19.10%, 13.20% and 3.60% for sand

replacement levels of 0%, 10%, 20%, 30% and 40%,

respectively compared with control specimen. It can be

noticed that the compressive strength of cement mortar

with up to 40% of sand replacement with (LNP) and 10%

cement replacement by weight with silica fume showed

increase in compressive strength when compared with
control specimen.

75.0

<
& i
= 60.0 i

0% 10% 20% 30% 40%
Specimen (10 % SF)

Figure-7. Compressive strength of mortar cubes
(Sand replacement and 10 % silica fume).

1606



VOL. 15, NO. 15, AUGUST 2020

ISSN 1819-6608

ARPN Journal of Engineering and Applied Sciences S

©2006-2020 Asian Research Publishing Network (ARPN). All rights reserved.

(L
P&N

www.arpnjournals.com

5.1.5 Cement and sand replacement effect without
silica fume on compressive strengths

Figure-8 shows the compressive strengths of
mortar cubes for both cases of cement replacement by
weight and sand replacement by volume with (LNP) after
28 days of curing. It can be seen that the partial
substitution for sand by volume with (LNP) of 10%
improved the compressive strength by 23% when
compared to cement mortar with partial cement
replacement by weight with 10% (LNP) powder and by
6% increase in case of specimen without replacement with
(LNP).

60.0
%“ 50.0 @ Cement Replacement ESand Replacement
: §
< 40.0 h‘\"
z &
o 30.0 %
2 &
- 20.0 b
£ §
£ 10,0 %\
~ N
0.0

0 % 10% 20% 30% 40%
Percentage of Replacement

Figure-8. Compressive strength of mortar cubes (Cement
and Sand replacement without silica fume).

5.1.6 Silica fume effect on compressive strength

The compressive strengths of mortar cubes for
various levels of sand replacement were measured at 28
days. Figure-9 shows the compressive strengths of three

groups of specimens at different levels of sand
replacement with (LNP) in addition to cement replacement
by weight with silica fume at percentages of 0%, 5% and
10%.

The compressive strength increased by 6% for
sand replacement levels of 10% and by 3.1% for
replacement level of 20% compared with control specimen
without sand replacement.

The compressive strength increased by 31.80%
for specimen without replacement of sand and with 5%
cement substitution with silica fume. The compressive
strength of specimens with 5% cement replacement with
silica fume increased by 22.10%, 19.40% and 1.10% for
sand replacement with (LNP) at levels of 10%, 20% and
30%, respectively compared with control specimen.

The compressive strength increased by 36.40%
for specimen without replacement of sand and with 10%
cement replacement with silica fume. The compressive
strength of specimens with 10% cement replacement with
silica fume increased by 28.10%, 19.10%, 13.20% and
3.60% for sand replacement with (LNP) at levels of 10%,
20%, 30% and 40%, respectively compared with control
specimen.

The results showed that the partial replacement of
sand with (LNP) up to 20% increased the compressive
strength for specimens without silica fume. It can be
noticed that the presence of 5% cement replacement with
silica fume increased the compressive strength for cases of
sand replacement by volume with (LNP) up to 30%. The
presence of 10% cement replacement by weight with silica
fume increased the compressive strength for cases of sand
replacement by volume with (LNP) up to 40%.
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=
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o
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[}
z
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Figure-9. Compressive strength of mortar cubes at 28 days (0%, 5% and 10% SF).

5.2 Ultrasonic Pulse Velocity (UPV)

Ultrasonic pulse velocities at 28 days of all
cement mortars for both cases of cement replacement by
weight with (LNP) powder and specimens with sand
replacement by volume with (LNP) were recorded and
shown in Table-7 and Figure-10. The pulse velocity for
control specimen was 3498 m/s.

The pulse velocities for specimens C0, C10, C20,
C30 and C40 with cement replacement by weight of
(LNP) powder with percentages 0, 10, 20, 30 and 40%
were 3498, 3472, 3350, 3297 and 3261 m/s. The ultrasonic
pulse velocities of specimens S0, S10, S20, S30 and S40
were 3498, 3320, 3450, 3440 and 3400 m/s, respectively.
The ultrasonic pulse velocities of specimens 5F0, 5F10,
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5F20, 5F30 and 5F40 were 3828, 3613, 3515, 3425 and
3372 m/s, respectively. The ultrasonic pulse velocities of
specimens 10F0, 10F10, 10F20, 10F30 and 10F40 were
4012, 3885, 3801, 3709 and 3522 m/s, respectively.

pulse in all cases without and with cement replacement by
weight with silica fume. Figure-11 shows the relationship
between compressive strength of mortar cubes after 28
days and ultrasonic pulse velocities. The results showed

It can be noticed that the increase in the level of matching between compressive strengths and the
replacement with (LNP) decreased the speed of ultrasonic ultrasonic pulse velocities.
Table-7. Ultrasonic pulse velocities.
Specimen | Velocities, Specimen | Velocities, | Specimen | Velocities, | Specimen | Velocities,
(0% SF) m/s (0% SF) m/s (5% SF) m/s (10% SF) m/s
Co 3498 SO 3498 5F0 3828 10F0 4012
Cc10 3472 S10 3320 5F10 3613 10F10 3885
C20 3350 S20 3450 S5F20 3515 10F20 3801
C30 3297 S30 3440 5F30 3425 10F30 3709
C40 3261 S40 3400 SF40 3372 10F40 3522
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o oo oo o oo oo o oo oo S oo oo
O — AN n < v — AN on <t L — O on <+ L — O on <t
VLU v K n n [T CI ¢ e g S B Ok I K
AAe@A =333 3
Cement Replacement Sand Replacement Sand Replacement Sand Replacement
Silica Fume 0% Silica Fume 0% Silica Fume 5% Silica Fume 10%
Figure-10. Ultrasonic pulse velocities.
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Figure-11. Relationship between compressive strength of mortar cubes after 28 days

and ultrasonic pulse velocities.
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5.3 Effect of Curing Duration

The compressive strengths of cement mortars for
both cases of cement and sand replacement were measured
at 28 days and at 180 days. Table-8 and Figure-12 show
the compressive strength of mortar cubes after 28 and 180
days for both cases of cement replacement by weight with
(LNP) powder and sand replacement by volume with
(LNP) without silica fume.

The compressive strength of mortar cubes with
cement replacement levels of 10%, 20%, 30% and 40% at
180 days are 48.03, 42.08, 34.22 and 27.42 Mpa,
respectively. The results illustrated that the 10% cement
replacement by weight with (LNP) powder after 180 days

gave a compressive strength greater than that of specimen
without cement replacement at 28 days.

The compressive strength of mortar cubes with
sand substitution specimens with (LNP) at levels of 10%,
20%, 30% and 40% at 180 days are 50.38, 53.58, 48.22
and 39.90 Mpa, respectively. The results illustrated that
the 30% sand replacement by volume with (LNP) after
180 days gave a compressive strength greater than that of
specimen without sand replacement at 28 days. The
increase in the compressive strengths were 9.7%, 16.7%
and 5% for specimens with sand replacement with (LNP)
at levels of 10%, 20% and 30%, respectively.

Table-8. Compressive strength of mortar cubes at different ages (Cement & Sand replacement).

Tvpe Specimen Compressive strength at | Compressive strength

yp P 28 days, MPa at 180 days, MPa
C10 39.60 48.03
Cement C20 37.46 42.08
Replacement C30 26.66 34.22
C40 20.80 27.42
S10 48.67 50.38
S20 47.33 53.58

Sand Replacement
S30 44.56 48.22
S40 38.25 39.90
60.0 SCR28  SR28
B CR180 SR180

W
o
(e}

~
o
)

30.0

20.0

10.0

Compressive Strength, MPa

e
o

20 %

30 %

Percentages of replacement

Figure-12. Compressive strength of mortar cubes after 28 and 180 days (Cement and Sand
Replacement without SF).

6. CONCLUSIONS

The objective of this research is to study the
effect of using local natural pozzolan powder as a partial
substitution for cement by weight and the effect of using
(LNP) as a partial replacement of sand by volume in
addition to the presence of silica fume in cement mortar
cubes on its mechanical properties. The mechanical
properties of cement mortar cubes were measured at 28
days and at 180 days of curing. The ultrasonic pulse
velocities were measured for specimens with both cement
and sand replacement at 28 days.

Based on test results, the following conclusions have
been obtained:

a) The utilization of (LNP) powder as partial substitution
for cement decreased the compressive strength of
mortar cubes with the increase of replacement level. It
might be due to the need of (LNP) powder to be
activated.

b) The utilization of (LNP) as partial substitution for
sand by volume increased the compressive strength of
cement mortars for replacement level up to 20%
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without utilization of silica fume. It might be
considered as a result of the reactivity of (LNP).

¢) The utilization of (LNP) as a partial substitution for
sand by volume increased the compressive strength of
mortars for replacement level up to 30% in case of 5%
of partial replacement of cement by weight with silica
fume because silica fume affects the pore-size
distribution of mortars by reacting with calcium
hydroxide formed around the sand and LNP grains
and also with that dispersed throughout the cement
paste.

d) The utilization of (LNP) as partial replacement of
sand by volume increased the compressive strength of
cement mortar for replacement level up to 40% in
case of 10% of partial substitution for cement with
silica fume.

e) The compressive strength of cement mortar with
cement substitution by weight with (LNP) powder of
10% at 180 days gave a value higher than control
specimen at 28 days by 4.6%, while the compressive
strength of cement mortar with sand substitution by
volume of (LNP) with 10%, 20% and 30% at 180
days gave values higher than control specimen at 28
days by 9.7%, 16.7%, 5%, respectively.

f) The partial replacement of both cement and sand
helped in gaining more strength at long ages due to
cementitious effect of pozzolan.

g) The results of ultrasonic pulse velocity test on cement
mortar cubes in both cases of cement and sand
replacement at 28 days were matched with
compressive strengths at the same age. The utilization
of (LNP) as partial substitution for sand by volume
decreased the ultrasonic pulse speed which may help
in using it as isolations.
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