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This research focuses on investigating the effect of quartz particle size 
and cement replacement on their physicomechnical properties. Portland 
limestone cement (PLC) was employed and replaced with quartz powder 
(QP) at various particle sizes (1.19 mm, 425 µm, 300 µm, 212 µm, <212 
µm) and cement replacement between 2.5 wt.% ~ 15 wt.% at interval of 
2.5 wt.% to study their impact on the cement properties. The PLC chem-
ical composition revealed a relatively low lime and high silica content 
compared to the conventional cement. QP revealed a high silica, lime and 
sulphur contents compared to natural sand. A high consistence, elongated 
setting times and lower strengths and specific gravities were observed as 
cement was replaced with QP at a given particle size respectively. The 
effect of replacing cement with QP content between 2.5 wt.% and 15 wt.% 
at various particle sizes resulted in average increments by 45.32%, 23.13% 
and 36.06% for initial setting time, final setting time and water demand 
respectively. This increase could be related with clinker diminution cou-
pled with enhanced QP surface area and clinker diminution. Similarly, an 
increase in the QP surface area at a given cement replacement led to higher 
water consistence, retarded setting times and lower strength. The effect of 
enhancing the QP’ surface area between 1.19 mm and below 212 µm at a 
given cement replacement resulted in average increments by 26.27%, 8.61% 
and 7.49% for initial and final setting times and water demand respectively. 
The strength gain of the QP cement blend diminished significantly above 
30% up to 15 wt.% cement replacement especially beyond 3 days. The low 
strength could be due to the high-water consistence linked with silica con-
tent resulting in setting time retardation. The optimal QP content was deter-
mined at 5 wt.% owing to the fact that the physicomechnical properties did 
not significantly deviate from the properties of control.
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1. Introduction
Quartz powder is considered a natural and industrial 

byproduct obtained from mining activities such as sawing 

stones which can be employed as filler [1]; fine aggregate 
replacement and possess high void filling capacity which 
produces enhanced strength due to its high silicon content [2].  
The QP is employed in the manufacture of both high and 
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ultra-high-performance concrete and can be considered 
as chemically inert at room temperature, whereas at high 
temperature and pH [3,4]. They also possess relatively low 
hydraulic effect on cement [5]. The high purity quartzes are 
relevant in high technological industries such as semicon-
ductors, high temperature lamp tubing, tele-communications, 
optics, microelectronics and solar silicon applications [6,7].  
It is the second most abundant mineral on the earth surface 
after Feldspar and possesses a hardness of 7, white in color 
with a specific gravity between 2.6 and 2.7 [8]. It is a widely 
distributed mineral of many varieties which consist mainly 
of silica and other minor constituents including lithium, 
sodium, potassium and titanium having many applications 
ranging from glass manufacturing, ceramics, refractory 
materials. Crushed quartz could be used as an abrasive 
material for sand paper, etc. [9]. The decline in the natural 
resources encountered by the fast industrialization and 
urbanization of developing countries such as Nigeria cou-
pled with the enormous demand for cement and sand in the 
construction sector, since is a serious concern. The increase 
in mining activities, enormous byproducts such as quartz 
resulting in waste generation. Thus, there is need to recycle 
these materials as cement replacement materials considered 
a promising prospect and could drive sustainability in the 
construction sector [10]. One solution to this menace is the 
use of these materials as either cement or fine aggregate re-
placement materials [11]. 

Finely ground quartz and limestone are mostly referred 
to as non-pozzolanic inorganic materials and may be con-
sidered a pozzolan despite exhibiting filler effect. The fill-
er effect works on the principle of filling the voids in the 
cement matrix, thereby densifying the cement matrix re-
sulting in acceleration of the early age hydration rate [12-18].  
The provision of nucleation sites is responsible for the 
growth of more CSH and hydrates [19-20]. The use of fine-
ly ground quartz particle may either possess pozzolanic 
activity or filler effect is dependent on the particle size 
and surface area [21]. According to Yao et al. [22], investi-
gated the effect of prolonged grinding (particle size) on 
the pozzolanic activity and hydration properties of quartz 
and suggested that the prolonged grinding led to a higher 
pozzolanic activity index, higher percentage alkaline dis-
solution in solution and lower crystallinity. Kadri et al. [23] 
observed that quartz with diameter between 20 µm and 25 
µm did not exhibit pozzolanic activity and was considered 
a filler. The inclusion of fillers as one of the drivers for 
sustainability in the cement industry could provide eco-
nomic, ecological and technical benefits as a result forma-
tion of more CSH despite clinker diminution [24-28].

Nikdel [52] investigated the effect of replacing cement 
with silica fume and observed its impact on the fresh and 

hardened states of concretes and was considered as an ad-
ditive which could be employed as a cement replacement 
material. It was also believed that Portland cement mor-
tars possesses a lot of voids, thus resulting in high perme-
ability and low durability whereas if Portland cement was 
blended with QP, could fill up the voids and provide an 
enhanced permeability. Soumya & Karthiga [2] investigat-
ed the influence of replacing cement with silica fumes and 
fine aggregate with quartz on the concrete strength and 
found the optimal replacement to be 15%, 15% and 60% 
for concrete compressive, tensile and flexural strengths in-
crements of 19.16%, 7.2% and 6.64% in comparison with 
28 days control strengths respectively. Lin et al. [5] also 
studied the effect of water-binder ratio and quartz content 
on the properties of quartz-cement paste ranging from 0.2 
and 0.5 and cement replacement ranging from 0%, 10% 
and 20% respectively. Results indicated that QP produced 
a dilution effect as well as a crystal nucleation effect 
on cement hydration which did not affect the hydration 
products monitored using XRF, XRD and SEM and TG 
techniques. Research findings suggested QP as chemically 
inert at room temperature whereas at elevated temperature 
and high pH, may not be inert [52]. It is also knowledge that 
inert fillers could enhance the degree of cement hydration 
by production of more nucleation site for C-S-H despite 
the fact that it could results in cement dilution [13]. There 
is a need to utilize the enormous waste materials being 
generated as a cement replacement has been tremendously 
employed owing to environmental, economic and techni-
cal benefits [29-31]. Arroudi et al. [32] investigated the effect 
of replacing cement with fine quartz from 15% to 25% on 
the fresh and mortar properties and observed that the pres-
ence of quartz did not influence the initial setting time but 
delayed the final setting time. The diminution of the clink-
er content by replacement of quartz results in decrease in 
the temperature rise leading to production of more CSH 
due to secondary hydration. The crystal structure of quartz 
is a significant factor in its pozzolanicity. 

Tikkanen [33] investigated the effect of replacing cement 
between 10% and 40% at interval of 10% with quartz and 
it was observed that its concrete’ compressive strength 
experienced increments beyond 7 and 28 days as well as the 
hydration kinetics were influenced. Popek & Sadowski [34,35] 
and Popek et al. [36] made attempts on several replacement 
materials such as quartz and quartz-feldspar mixture and 
basalts obtained from mining sites and concluded that 
the cement replacement with these materials significantly 
affect the mechanical properties owing to factors ranging 
from its quality to the amount of cement replaced. Accord-
ing to Ahmed et al. [37] observed that a high compressive 
strength was obtained at 20 wt.% crushed QP as a partial 
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replacement of fine sand and its strength gain was attrib-
uted to quartz being a good filler material whereas beyond 
20 wt.% resulted in a reduction in its strength. Similarly, 
Galiska & Czarnecki [38] investigated beyond 30% ce-
ment replacement i.e., 40%-60% with quartz and quartz- 
feldspar powders affected the mechanical properties like 
tensile and compressive strength and was shown that the 
concrete compressive strength diminished by 6%-93% 
and 40%-65% of 7 days control compressive and tensile 
strength and diminished by 10%-85% and 17%-58% of 
the 28 days control compressive and tensile strength re-
spectively as quartz content was increased. In conclusion, 
the strength of cement replaced with greater than 40% 
quartz-feldspar and quartz diminished significantly while 
the tensile strength was not negatively affected in compar-
ison with control concrete for 7 and 28 days. 

QP inclusion improved the concrete properties by phys-
ically acting as a filler and densifying and homogenizing 
the paste due to its fine particles, while surface chemical 
effect, is if the particle enhances hydration by acting 
as a part of the paste and increase in its surface area. The 
chemical effect by acting as a pozzolan to produce CSH [39].  
Similarly, its inclusion in cement could also lead to Alkali 
Silica Reaction which is a major menace in many struc-
tures which occurs between silica and alkalis present in 
cement pastes in water saturated environment to produce 
amorphous silica gel that reacts with water and could 
result in expansion due to reaction, thus, deterioration 
of concrete’s surface. Another unwanted phenomenon is 
carbonation in which calcium hydroxide produced from 
cement hydration reacts with CO2 and affects the surface 
of concrete resulting in cracks for which one solution to 
this problem is the use of pozzolans. Thus, this paper tries 
to investigate the effect of replacing PLC with QP on the 
physico-mechanical properties such as consistence, initial 
and final setting time, soundness and mortar compressive 
strength as well as the effect of particle size on the cement 
properties.

2. Materials and Method

The quartz samples were collected at quarry site in 
Yelwa, Bauchi state and then sorted to remove unwanted 
materials, followed by size reduction into four main classes 
namely < 212 µm sieve, between 212 µm ~ 300 µm, between 
300 µm ~ 425 µm and > 425 µm respectively. The particles 
that do not pass the sieve were recycled by grinding before 
being re-sieved. The QP sample required to obtain the chem-
ical composition was ground to 75 µm and PLC CEM II A-L 
42.5R were characterized via X-ray fluorescence spectrome-
ter to obtain their chemical compositions.

The standard consistence and setting time tests were 

conducted and placed in a mold according to IS 4031 part 
4 and 5 [40,41]/ASTM C 191 [42]. The experimental mix for 
the consistence and setting time of the various cement 
blends and control are presented in Table 1. The consist-
ence and setting times of QP cement blends as well as 
PLC (control) were determined using a Vicat apparatus. 
This is achieved by addition of water at various percentage 
level until the paste indicates resistance to penetration. The 
penetration of the plunger into the paste should be between 
5 mm ~ 7 mm above the bottom of the mould according to 
ASTM C 187 [43]. The consistence was recorded and ob-
tained by arithmetic mean of three repetition and used in 
determining the setting times. The period elapsed between 
the time when the water was added to the cement and the 
time at which the needle ceased to descend beyond 4 mm 
from the bottom of the test block was noted as the initial 
setting time. In the case of the final setting time, the needle 
used for the initial setting time was replaced by a needle 
with annular attachment. The values of the initial and final 
setting times were determined by averaging three tests.

The mortar compressive strength of cement blend was 
conducted according to ASTM C 109 standard [44]. After 
proper mixing the mortar, the mix was transferred into 
the 50 mm cube moulds and compacted using a standard 
jolting apparatus and kept in a cabinet for 24 hours. The 
moulds were then demoulded and placed in curing tank 
containing water until the strength testing for 3, 7, 28 and 
60 days. The experimental matrix for the determination 
of the physical and mechanical properties of PLC and QP 
cement blends are presented in Table 1. 

Table 1. Experimental matrix for QP cement blend physi-
comechnical properties

S/No Cement Blends PLC % QP %

1 PLC 100 0.0

2 2.5QP 97.5 2.5

3 5QP 95.0 5.0

4 7.5QP 92.5 7.5

5 10QP 90.0 10.0

6 12.5QP 87.5 12.5

7 15QP 85.0 15.0

3. Results and Discussion

The characterization of the QP, sand and PLC CEM II 
A-L 42.5R were carried out in Ashaka cement Plc to de-
termine the compositional analysis via X-ray Fluorescence 
spectrometer and presented in Table 2. Table 2 presents 
the chemical composition of PLC, QP and sand via X-ray 
Fluorescence analysis. Chemical analysis revealed that 
QP and sand contained about 89.30 and 85.4 wt.% of SiO2 
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respectively. The summation of alumina, silica and ferric 
oxide in QP was 91.10 wt.% hence the material satisfy to 
possess pozzolanic activity according to ASTM C 618 [45].  
QP had a higher loss on ignition of 6.18 wt.% compared 
with sand’ LOI of 0.27 wt.%. This could possibly be due 
to the presence of carbonates especially calcium carbonate 
evident from the chemical composition of QP. The high 
LOI of QP could be linked with the presence of car-
bonates. The lime content of 7.74 wt.% present in the QP 
composition met class F with CaO content < 10 wt.%. The 
sand’ chemical composition indicated significant Fe2O3, 
Al2O3 and K2O contents compared to QP, whereas the 
lime, sulphur contents and LOI were higher in QP com-
pared with sand. 

Table 3 indicates the effect of QP content and particle 
size on the water demand, initial and final setting times of 
cement blends whereas the effect of QP particle size and 
content on the water requirement at standard consistence 
for QP cement blends was illustrated in Figure 1. 

An increase in the water consistence of the PLC blend-
ed with QP was observed as QP content was gradually 
replaced between 2.55 wt.% to 15 wt.% at various particle 
sizes. Similarly, particle size between 300 µm ~ 425 µm 
produced higher water consistence in comparison with 
other particle sizes. As the QP particle size was gradually 
decreased from the first fraction (1.19 mm ~ 2.0 mm) to 

the third fraction (300 µm ~ 425 µm) experienced in-
creased water consistence whereas beyond sieve fraction 
of 300 µm ~ 425 µm resulted in a reduction in the water 
consistence at various cement replacements. 

Table 2. Chemical composition of PLC, QP and Sand

Components PLC wt.% QP wt.% Sand wt.%

SiO2 12.39 89.30 85.42

Al2O3 4.20 1.72 9.15

Fe2O3 1.95 0.38 2.05

CaO 43.14 7.74 0.41

MgO 0.74 0.09 0.05

SO3 1.03 0.50 0.08

K2O 0.63 0.06 1.96

Na2O 0.09 0.14 0.48

P2O5 0.18 0.01 -

Mn2O3 0.10 0.00 -

TiO2 0.19 0.08 -

C3S 50.42

C2S –2.51

C3A 7.83

C4AF 5.93

Silica Ratio 2.01 42.39 -

Alumina Ratio 2.16 4.49 -

Calcium Carbonate 79.00 16.75 -

L.O. I 34.67 6.18 0.27

Table 3. Effect of QP particle size and content on the setting times, normal consistence and water demand of PLC blends

QP 
Particle size

Properties 2.5 wt.% 5 wt.% 7.5 wt.% 10 wt.% 12.5 wt.% 15 wt.%

1.19 mm -2 mm IST mins 96 103 108 122 130 143
FST mins 210 221 233 245 257 268
Consistency % 29 29 31 33 36 40
Water demand mm 87 87 93 99 108 120

425 µm -1.19 mm IST mins 106 112 118 133 147 165
FST mins 232 245 256 268 281 301
Consistency % 30.0 30.0 33.0 33.0 40.0 44.0
Water demand mm 90 90 99 99 120 132

300 µm- 425 µm IST mins 107 112 120 135 137 157
FST mins 232 247 259 263 275 297
Consistency % 32 33 36 41 45 46
Water demand mm 96 99 108 123 135 138

212 µm- 300 µm IST mins 118 128 140 148 161 160
FST mins 236 241 250 263 273 268
Consistency % 30.5 30 36 35 37 36.5
Water demand mm 91.5 90 108 105 111 109.5

Below 212 µm IST mins 121 130 144 153 167 169
FST mins 239 245 253 261 277 279
Consistency % 31 31.5 33 37 39 41

Water demand mm 93 94.5 99 111 117 123
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Most of the QP-cement blend required more water de-
mand for normal consistence especially beyond 5 wt.% of 
the various fractions. From Figure 1 it could also be seen 
that an increase in QP content resulted in an increase in 
the normal consistence for Q-PLC paste at various par-
ticle size. The water consistence of Q-PLC experienced 
an increase from 87 mm to 120 mm; 90 mm to 132 mm; 
96 mm to 138 mm; 91.5 mm to 109.5 mm; 93 mm to 123 
mm as QP content increased from 2.5 wt.% to 15 wt.%. 
Most of the cement blended with QP required more water 
for consistence compared to PLC as control. The QP pos-
sesses significantly high silica content with a low LOI of 
6.18%. Excess of the silica could increase the water require-
ment for normal consistence according to Olubajo et al. [25]. 

This increased water requirement for normal consist-
ence of the cement blended with QP compared with the 
control could be due to the high surface area of the QP [27,46] 
as well as the diminution of the clinker content by cement 
replacement according to Waziri and Olubajo [46]. Other 

reasons for increased water demand include excess silica 
content in the cement matrix [24] and formation of nuclea-
tion sites for CSH precipitation [47].

The initial and final setting time of PLC was 190 and 
295 minutes respectively while the water consistence was 
31% (93 mL). The inclusion of QP into the cement matrix 
resulted in an acceleration in the initial and final setting 
time values in comparison with PLC whereas as the ce-
ment was gradually replaced with QP from 2.5 wt.% ~ 15 
wt.% resulted in a retardation at the various particle size. 
The quality of cement could be ascertained owing to the 
varying proportion of ingredients that comprises the ce-
ment blend. This decrease in the setting time (acceleration) 
in comparison with PLC as control could be attributed to 
the lower lime content requirement. The diminution of the 
clinker by replacement of cement with QP is responsible 
for the retardation in the setting time as the cement re-
placement was increased. The excess silica present in the 
cement blend leads to increase in the setting time (retarda-
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tion). Another reason for the elongated initial and final set-
ting time could be linked with an increase in silica content 
which agrees with Zhu et al. [16] in which increase in the 
silica fume content led to a significantly elongation in its 
initial setting time results. Similar trend was observed for 
various particle sizes between: 1.19 mm ~ 2 mm, 425 µm 
~ 1.19 mm, 300 µm ~ 425 µm, 212 µm ~ 300 µm and less 
than 212 µm respectively. It could also be observed that 
as the cement replacement level was increased from 2.5 
wt.% ~ 15 wt.% at intervals of 2.5 wt.%, the initial setting 
time retarded from 96 ~ 143, 103 ~ 130, 108 ~ 144, 122 ~ 
153, 130 ~ 167, 143 ~ 169 minutes respectively. It could 
be observed that as the cement replacement level with QP 
was gradually increased from 2.5 wt.% ~ 12.5 wt.% re-
sulted in a gradual retardation in its setting time at various 
particle sizes. 

Table 4 presents the effect of replacing PLC with QP at 
0 wt.% ~ 15 wt.% at 2.5 wt.% interval. Results indicated 
that the specific gravity of cement blended with QP was 
lower than PLC employed as control. The decrease in the 
QP cement blends could be due to the lower specific grav-
ity of the QP which agrees with Friedman et al. [8] result-
ing in lower specific gravity at higher cement replacement 
level. Since the specific gravity of the PLC is higher than 
QP. 

Table 5 presents the effect of QP content on the mortar 
compressive strength of cement blends along with the 
mortar strengths of QP-cement blend expressed as a per-
centage rate of PLC at the same curing age. A reduction in 
the mortar compressive strength of PLC blended with QP 
was experienced as QP content was gradually increased 
between 2.5 wt.% ~ 15 wt.% at 2.5 wt.% interval. As the 
cement replacement level with QP content was increased 
from 0 ~ 15 wt.% resulted in a reduction in the 3-, 7-, 28- 

and 60-days strength by 85.1%, 67.5%, 63.9% and 70.8% 
respectively. This diminution in strength could be linked 
with the decrease in clinker content which is in agreement 
with Olubajo et al. [24] and Olubajo et al. [25] resulting 
in lower 28- and 60-days mortar compressive strength 
(63.9% and 70.8%) respectively.

Table 4. Variation of QP content on the Specific gravity of 
the various cement blends

QP wt.% Specific gravity

0 3.07

2.5 3.05

5.0 3.04

7.5 3.03

10.0 3.02

12.5 3.01

15.0 3.00

Figure 3 indicates the effect of replacing PLC with QP 
on the mortar compressive strength as curing days pro-
gressed. From the compressive strength results, it could 
be deduced that most of the cement blends produced 
lower strengths in comparison with control except for 2.5 
wt.% QP at curing age of 3 days which was 104.8% of 
the control strength at 3 days. This strength loss could be 
attributed to the diminution of the clinker content which is 
responsible for the formation of calcium silicate hydrate 
CSH, thus if the C2S and C3S content decreased resulting 
in lower strength which agrees with Waziri and Olubajo [46], 
Hossain et al. [48], Celik et al. [49], Kejela [50]. Similarly, as 
the curing age progressed from 3 to 60 days, the mortar 
compressive strength of cement blends as well as the con-
trol experienced increments of 53.36%, 32.52%, 50.82%, 
20.43%, 43.02%, 43.68% and 27.63%. The increase in the 
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mortar compressive strength as curing age progress can be 
as a result of formation of more CSH as hydration of the 
cement matrix. Similar trends have been observed by Ol-
ubajo et al. [24], Olubajo et al. [25], Olubajo et al. [26], Waziri 
and Olubajo [46] and Olubajo et al. [51]. 

Another reason for lower strengths could be due to the 
high-water demand compared to control. At 28 days com-
pressive strength for 2.5 wt.% and 5 wt.% QP, the cement 
blends attain 87% and 83.1% of the mortar compressive 
strength of the control. Thus, the optimal cement replacement 
with QP should not exceed 5 wt.%. considering early age of 
3 days, the strength gain of between 2.5 wt.% (104.8%) and 
7.5 wt.% (101.0%) produced significantly better strengths 
compared to control. Whereas beyond cement replacement 
of 7.5 wt.% resulted in significant strength loss. 

At 2.5 wt.% QP-cement blend for curing ages of 3, 7, 

28 and 60 days produced percentage compressive strength 
approximately 105%, 90%, 87% and 91% of the control’ 
compressive strength respectively. The percentage mor-
tar strength of 5 wt.% QP-cement blend in comparison 
with PLC at 3, 7, 28 and 60 curing ages were 96%, 92%, 
83% and 95% respectively. For 7.5% QP-cement blend 
produced percentage compressive strength to control 
of 102%, 82%, 75% and 79% for 3, 7, 28 and 60 days 
respectively. For 10 wt.% QP-cement blend produced 
percentage compressive strength to control of 84%, 65%, 
73% and 79% for 3, 7, 28 and 60 days respectively where-
as for 12.5 wt.% QP-cement blend produced percentage 
compressive strength to control of 82%, 63%, 66% and 
77%; for 15 wt.% QP-cement blend produced percentage 
compressive strength to control of 85%, 68%, 64% and 
71% for 3, 7, 28 and 60 days respectively.

Table 5. Effect of QP content on the mortar compressive strength at various cement replacements

QP content 
wt.%

3 days (N/mm2)
% Gain vs 
control gain

7 days 
(N/mm2)

% Gain vs 
control gain

28 days 
(N/mm2)

% Gain vs 
control gain

60 days 
(N/mm2)

% Gain vs 
control gain

0 27.32 - 37.05 - 41.30 - 41.90 -

2.5 28.63 104.8 33.48 90.4 35.92 87.0 37.94 90.5

5 26.25 96.1 33.96 91.7 34.3 83.1 39.59 94.5

7.5 27.6 101.0 30.33 81.9 30.98 75.0 33.24 79.3

10 22.99 84.2 24.21 65.3 30.28 73.3 32.88 78.5

12.5 22.3 81.6 23.19 62.6 27.4 66.3 32.04 76.5

15 23.24 85.1 25.01 67.5 26.41 63.9 29.66 70.8
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4. Conclusions

The following conclusions on the investigation of the 
effect of QP particle size and content on the cement prop-
erties are as follows: First of all, the QP chemical compo-
sition via X-ray fluorescence spectrometer indicated a sig-
nificantly high silica content of 89.3 wt.%, alumina of 1.72 
wt.% and Ferric oxide of 0.38 wt.% SiO2 + Al2O3 + Fe2O3 
(91.10 wt.%) which suggests that might possess pozzo-
lanic properties according to with CaO content less than 
10% at 7.74 wt.% which met Class F according to ASTM 
C618. Secondly, an increase in cement replacement with 
QP between 2.5 wt.% to 15 wt.% resulted in a reduction 
in its specific gravity. An increase in water consistence of 
QP-PLC blend occurred as cement was gradually replaced 
with QP at a given particle size. An increase in the QP sur-
face area from 1.19 mm to 300 µm produced an increase 
in the water consistence of the cement blends ranging 
from 10.35 wt.% ~ 25 wt.% at a given cement replace-
ment. Whereas for particle size below 300 µm produced 
higher water consistence in comparison with QP particle 
size of 1.19 mm. An increase in the water consistence of 
QP-PLC was experienced as the surface area of QP was 
enhanced at a given cement replacement. Thirdly, an elon-
gation in the initial and final setting time was experienced 
as the particle size was enhanced (increased surface area), 
whereas an increase in cement replacement with QP con-
tent at given particle size resulted in a retardation in both 
setting times. This elongation in the setting time could 
be attributed to either clinker diminution or presence of 
silica. Finally, the mortar compressive strength of QP- 
cement blend experienced an increase as the curing age 
progressed at various cement replacements whereas, as 
the cement replacement level with QP content was grad-
ually increased, resulted in a diminution in the strength in 
comparison with control. This could be linked with high 
water demand resulting in lower strengths coupled with 
diminution of the clinker content. The optimal QP content 
was determined at 5 wt.% owing to the fact that the phys-
icomechnical properties did not significantly deviate from 
those of PLC as control. All the QP-cement blends fell 
within ASTM standards based on the cement properties. 
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