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Abstract:

Background:

effects on cement paste is limited.

Materials and Methods:

Results:

available in the literature.

Conclusion:

Investigations on the use of waste clay brick powder in concrete have been extensively conducted, but the analysis of waste clay brick powder

This paper discusses the effects of waste clay brick powder on cement paste. Fragmented clay bricks were grounded in the laboratory using a ball
mill and incorporated into cementitious mixes as partial replacement of Ordinary Portland Cement. Workability, consistency, setting time, density
and compressive strength properties of paste mixes were investigated to better understand the impact of waste clay brick powder on the
cementitious paste. Four cement replacement levels of 2.5%, 5%, 7.5% and 10% were evaluated in comparison with the control paste. The
chemical and mineral compositions were evaluated using X-Ray Fluorescence and X-Ray Diffractometer, respectively. The morphology of cement
and waste clay brick powder was examined using a scanning electron microscope.

The investigation of workability exhibited a reduction of slump attributed to the significant addition of waste clay brick powder into the
cementitious mixes, and it was concluded that waste clay brick powder did not significantly influence the density of the mixes. In comparison with
the control paste, increased values of consistency and setting time of cement paste containing waste clay brick powder confirmed the information

Although waste clay brick powder decreased the compressive strength of cement paste, 5% partial cement replacement with waste clay brick
powder was established as an optimum percentage for specimens containing waste clay brick powder following curing periods of 7 and 28 days.
Findings of chemical composition, mineral composition and scanning electron microscopy of waste clay brick powder demonstrated that when
finely ground, fragmented clay bricks can be used in concrete as a pozzolanic material.
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1. INTRODUCTION conventional paste. A vast amount of literature has evaluated

The inclusion of pozzolanic materials in cement paste has
attracted increasing interest due to its acceptable performance
in compressive strength, which sometimes outweighs that of
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the impact of several pozzolanic materials on cement paste,
including magnetic-silica, nano-magnetic and nano-silica [1,
2], fly ash [3, 4], metakaolin [5] and silica fume [6, 7]. An
exhaustive cement paste literature review undertaken has
shown that the influence of Waste Clay Brick Powder (WCBP)
on workability, consistency, setting time, density and
compressive strength of cement paste has received little
attention. Comprehensive information regarding the behaviour
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of cement paste has been repeatedly documented in the
literature. Cement paste has been found to play a dominant role
in the attainment of desirable concrete properties [8]. A
previous investigation by other authors [9] was observed to be
the most significant experimental study strongly related to this
work. Their research on cement pastes revealed that WCBP
considerably enhanced the demand for water for normal
consistency, lowered the temperature rise during hydration,
prolonged the setting time, and diminished the Ca(OH),
content. From their experiments, it was reported that
pozzolanic reaction exhausts Ca(OH), to generate secondary
Calcium Silicate Hydrates (CSH) gels. Measurement of
Ca(OH), in cementitious pastes incorporated with materials
possessing pozzolanic properties was noted as evidence of
pozzolanic reaction. However, this research did not investigate
the effect of WCBP on the workability, density and
compressive strength of cement paste.

Existing literature indicates that the use of WCBP as a
partial substitute for cement offers a slight beneficial
improvement in the concrete compressive strength [10, 11].
However, the mechanical performance of cement paste
incorporated with WCBP is not fully explored due to limited
experimental studies on the subject. The afore-mentioned
research findings have demonstrated the importance of
understanding the influence of WCBP on the workability,
density and compressive strength of cement paste.

2. MATERIALS AND METHODS
2.1. Materials

2.1.1. Waste Clay Brick Powder

Waste fragmented bricks were acquired from Kenya Clay
Products and were used in this experimental investigation to
prepare WCBP of specific gravity of 2.69. These broken bricks
were crushed using a hammer to obtain feasible particles for
grinding. A small-scale ball mill of capacity 60 litres built in
Mechanical Engineering Workshop at Jomo Kenyatta
University of Agriculture and Technology (JKUAT) was used.
It was filled with 30 mm steel balls and fragmented clay bricks
prior to the grinding process. After the ball milling process was
conducted at a speed of 1260 rpm (21 Hz) for durations of 20,
40, 60, 80 and 100 minutes, WCBP passing through 0.075 mm
sieve was obtained.

2.1.2. Water

Portable water in the Structural and Materials Laboratory
at JKUAT was used in the preparation of cement paste.
2.1.3. Cement

Ordinary Portland Cement class 42.5 meeting the
specifications for the experiments [12] and with acceptable
specific gravity and Le Chatelier soundness values of 3.12 and
5.7 mm, respectively, was used.

2.2. Methods

2.2.1. Scanning Electron Microscope

The microstructure morphology of WCBP was examined
in conjunction with that of cement using high-resolution
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Scanning Electron Microscope (SEM) of a 15kV high voltage
system in JKUAT. The model for the equipment used to scan
the specimens was the JEOL NeoScope JCM-7000 SEM
machine. Prior to the experiment, the specimens from both
materials were cleaned and dried in order to enhance surface
exposure. The sprinkling of the powder and cement on the
conductive adhesive tape was then conducted, followed by
suitable positioning of the specimens in the equipment. The
images were then captured after an accelerated electron beam
penetrating through apertures and electromagnetic lenses
scanned the surfaces of the specimens with the aid of scan
coils.

2.2.2. Chemical and Mineral Compositions of Cement and
WCBP

X-Ray Fluorescence (XRF) experiment was conducted
using Bruker Spectrometer Gun to quantitatively explore the
chemical composition of WCBP. This test was conducted at the
Ministry of Petroleum and Mining in Nairobi, Kenya. An XRF
gun is often used for this elemental analysis due to its
versatility of characterisation techniques in addition to its
ability to outperform other methods with regard to the
economical value [12]. The test employs a voltage of 30-60 kV
and a current of 50-100 mA. Typical elemental compositions of
cement were also examined for comparison. In addition, an X-
Ray Diffractometer (XRD) analysis of cement and WCBP was
conducted on a diffractometer (Bruker D2 Phaser) equipped
with a graphite monochromator. Commercially available
software packages of Defrac Eva and Defrac Suite were
employed as scan software and match software, respectively.

2.2.3. Cement Pastes

Four cement pastes were prepared by partially substituting
the weight of cement with 2.5%, 5%, 7.5% and 10% of WCBP.
A control cement paste without WCBP was also prepared for
comparison. The proportions of all the paste ingredients as per
mix design are illustrated in Table 1. The preparations of paste
for assessment were carried out in two phases. The first phase
constituted cement paste preparation for the determination of
workability, density and compressive strength. The mixing
procedure included manual mixing of cement with water for all
mixes. This used a water/binder ratio of 0.42 for approximately
10 minutes. This was consistent with another author’s work
[13].

Table 1. Mix design for cement/WCBP paste mixtures.

Mix Proportions (%)
Sample W/B
Cement Brick Powder
BP-00P 100 0 0.42
BP-2.5P 97.5 2.5 0.42
BP-5.0P 95 5 0.42
BP-7.5P 92.5 7.5 0.42
BP-10P 90 10 0.42

The second phase tested the influence of WCBP on
consistency and setting times of cement paste. The specimen
descriptions to establish the influence of material replacement
levels were BP-00P, BP-2.5P, BP-5.0P, BP-7.5P and BP-10P,
accurately labeled to reflect the percentage replacements of
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cement by WCBP.

2.2.4. Slump Test

Slump test was carried out in conformity with the code. A
slump cone with dimensions of 30 cm height, 10 cm top
diameter, 20 cm bottom diameter and metal thickness of 1.60
mm was used.

2.2.5. Standard Consistency

The experimental procedures for standard consistency of
cement paste incorporated with WCBP were carried out
according to specifications in the code. A Vicat apparatus
consisting of a 10 mm plunger and a Vicat mould resting on a
non-porous plate was used to carry out the test.

2.2.6. Setting Times

Initial and final setting times of cement paste containing
WCBP were determined in compliance with specifications in
the code. A Vicat apparatus with a needle for the initial set and
a needle with attachment for the final set was used.

2.2.7. Density

The densities were determined after 7 and 28 days of
curing periods in accordance with specifications in the code. A
balance calibrated to an accuracy of 0.1% was used for the
measurement of mass.

2.2.8. Compressive Strength

Measurements of the paste compressive strengths were
conducted for 7 and 28 days curing periods using 70 x 70 x 70
mm and 100 x 100 x 100 mm cube specimens in accordance
with specifications in the code. Besides, prismatic specimens of
dimensions of 40 x 40 x 160 mm were prepared to capture
prismatic compressive strength in accordance with the code.
The tests were performed using a 1500 kN capacity universal
testing machine with a Servo-Plus evolution control unit.

3. RESULTS AND DISCUSSION

3.1. Scanning Electron Microscope

Figs. (1 and 2) show images captured using SEM technique
for cement and WCBP, respectively. The SEM method was
used to study typical particle surface texture and shape of the
particles. This method is sufficiently capable to examine the
morphology, formation, size and size distribution of materials
by probing the specimen on fine scaling [14, 15].

Image analysis using the Image] program revealed the
average nanoparticle lengths of 522 nm and 1034 nm for
WCBP and cement, respectively, at a scale bar of 10 pm.
However, it is important to note that separating individual
particles using ImageJ is difficult due to the tendency of
nanoparticles to agglomerate [16]. Thus, evaluating
nanoparticle size distribution with desirable accuracy is a major
challenge. It is evident from Fig. (2) that WCBP particles in
this study are neither smooth nor spherical. Nevertheless, the
particles demonstrate irregular and sharp corners which are
observed to formulate slits. Finer particles are observed to
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abide in the slits and notches of bigger sizes when the particles
are subjected to higher levels of magnification. Accordingly,
this peculiar arrangement enhances the water demand and
impedes the workability characteristics of fresh concrete [17].
SEM images captured for WCBP visibly reveal finer particles
in comparison with SEM images of cement. It is known that
finer brick powder absorbs more water resulting in a reduced
slump and increased consistency of cement paste [18].
Previously, other authors [19] have also indicated that finer
particles of WCBP are responsible for influencing the early age
hydration, a phenomenon which is attributed to the formation
of crystallisation nucleus which enhances the propagation of
hydrated products. Using WCBP in cement paste and in
concrete is therefore suggested to achieve a reduced slump and
early strength of cement paste and concrete.

(c) Scale bar: 50pm (d) Scale bar: 100pm

Fig. (1). SEM images of cement.

(c) Scale bar: 50pm

(d) Scale bar: 100pm

Fig. (2). SEM images of WCBP.

3.2. Chemical and Mineral Compositions

3.2.1. Chemical Composition

Table 2 lists the chemical compositions present in cement
and WCBP. The table compares the amounts of each chemical
in cement and WCBP. As shown in the table, all oxides
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quantified in cement are also visible in WCBP. 62.45% of CaO
in cement and 64.36% of SiO, are consistent with other
research works [20], and pronounced pozzolanic reaction is
expected once the cement is mixed with WCBP. In addition,
the absence of MgO in cement is observed to lead to acceptable
soundness properties [21].

Table 2 shows that the dominant chemical components in
WCBP are SiO,, Fe,O; and Al,O;. A computed sum of the
percentages of these 3 elements is 85.93% which constitutes
over 70% of the entire weight of the WCBP. The loss on
ignition was also found to be negligible at 0.97%. Interestingly,
after knowing these general properties, it can be deduced that
WCBP is fully compliant with the code [22] as a pozzolanic
material, and can react with Ca(OH), upon the commencement
of hydration reaction. The standard prescribes that class N
pozzolans exhibit a minimum value of (SiO, + Fe,0, + ALO,)
and maximum loss on ignition of 70% and 10%, respectively.

Table 2. The chemical composition of cement and WCBP.
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The pozzolanic characteristics demonstrated by the levels of
Si0,, Fe,0, and AL O, in WCBP suggest the potential usage of
brick powder from fragmented clay bricks as a cement
substitute in sustainable construction.

3.2.2. Mineral Composition

Figs. (3 and 4) illustrate the XRD patterns of cement and
WCBP, respectively. The figures show maximum peak
locations for cement and WCBP ranging from 26° to 30° 2
theta degrees. In Tables 3 and 4, mineral compositions of
cement and WCBP, respectively, are presented to facilitate
spectra interpretation. The presence of gypsum and lime in
large contents, as shown in Fig. (3), is an evidence of cement
with superior properties which is likely to contribute to the
pozzolanic activity. The amorphous component of WCBP
which substantially determines the pozzolanic reaction
according to other authors [23] is represented in Fig. (4) by a
large characteristic hump at 20 degree of 27.2°.

Material Sio, Fe,0, AlLO, CaO MgO | Na,O K,O TiO, MnO P,0; Ba S LOI
Cement 15.45 4.55 2.81 62.45 - 0.48 1.01 0.47 0.12 1.29 0.05 | 2.75 | 747
WCBP 64.36 12.86 8.71 2.00 - 1.82 3.05 2.13 0.68 1.18 1.18 - 0.97

-Not detected.
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Fig. (3). The mineral composition of cement based on the XRD spectrum.
Table 3. The mineral composition of cement generated from XRD.
Compound Name Formula Pattern # I/Ic DB S-Q (%)
Gypsum CaSO,.2H,0 COD 1010981 2.070 39.5
Briartite Cu,FeGeS, COD 9012061 9.800 13.3
Hematite Fe,0, COD 1011267 4.830 11.1
Zincite ZnO COD 1011258 6.960 93
Lime CaO COD 1000044 4.840 9.2
Berlinite AIPO, COD 9006404 6.390 7.5
Quartz low SiO, COD 1011172 6.640 53
Jamborite Ni(OH), COD 9012316 21.840 4.7




374 The Open Civil Engineering Journal, 2021, Volume 15

300

250

200

150

Intensity

100 ~

50

28832 -

Sinkhonde et al.

1 COD 9000054 Bad Wnd 012 553 Hebvine
1 COD 9010367 Al O4 P Bestinte
COD 9004144 02 Ti Rutile
1 COD 9009230 AI2 H4 09 S2 Ksolinite
COD 1011067 02 S Quartz low
COD 9010208 C Cdl.4 MgD.6 O3 Magnesite
1 COD 1011267 Fe2 O3 Hematita
COD 9002775 Ai2 Cs0.5 012 S44 Mantmerilanze

Jao-083 +

10 20 30 40

2 Theta Degree

Fig. (4). The mineral composition of WCBP based on the XRD spectrum.
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Table 4. The mineral composition of WCBP generated from XRD.

Compound Name Formula Pattern # I/Ic DB S-Q (%)
Rutile TiO, COD 9004144 3.730 35.1
Helvine Mn,Be,(SiO,),S COD 9000954 4.840 18.1
Berlinite AIPO, COD 9010367 4.530 17.1
Quartz low Sio, COD 1011097 4.430 12.3
Montmorillonite Al,Ca,,SiO,, COD 9002779 20.500 8.2
Kaolinite Al,S1,04(0H), COD 9009230 1.220 6.1
Hematite Fe,O, COD 1011267 4.830 1.8
Magnetise MgCO, COD 9010209 4.140 1.2

The peak intensities in XRD analysis reveal an estimated
quantity of compounds available in the specimen [24]. The
presence of gypsum in cement and silicates in WCBP is
associated with the creation of CSH which contributes to
strength. Crucial mineral constituents in WCBP, including
Rutile (TiO,), Helvine/Helvite (Mn,Be,(Si0O,),S), Berlinite
(AIPO,), Quartz low (SiO,) and Montmorillonite
(Al,Ca,Si0,,), are shown in Table 4, and these are unsur-
prising compounds in clay bricks. It is worth noting that SiO, is
a principal compound detected in the spectrum for several
mineral compounds and is strongly associated with pozzolanic
activity [25, 26], whereas CaCO, is observed to contribute to
the hydration of C,A to produce monocarboaluminate
(C;A_CaCO,_11H,0) [27]. The formation of calcium mono-
carbonalumate takes place due to C;A and carbonate ions
reaction as mentioned by several researchers [28, 29].
Additionally, among the compounds is TiO, which is found to
enhance the mechanical strength of concrete [30].

3.3. Workability of Cement Paste

Fig. (5) illustrates the measured slump values plotted
against the corresponding WCBP values for the investigated
mixtures. As the figure indicates, increasing the amount of

WCBP yielded a significant reduction in the slump with a
constant water-binder ratio of 0.42. Importantly, the decreased
workability due to the inclusion of WCBP in cementitious
paste resembles the cases of concrete and mortar reported in
previous studies [31, 32].

Reduction in slump might be explained by high specific
area of WCBP [33]. It is explicit that the mixtures were stiffer
as the quantity of WCBP increased for a constant water-binder
ratio. These empirical results suggest that slump reduction was
attributable to the introduction of WCBP observed to possess a
rough surface [18]. This is also evident in SEM results
presented in Section 3.1. It should be noted that for a constant
water-binder ratio, smaller sizes of WCBP are less workable
than larger sizes [34]. Therefore, low workability was
attributed to higher levels of wetting of large surface area
caused by inclusion of WCBP.

3.4. Consistency

The standard consistency expressed as a percentage of
water at distinctive partial cement replacements is plotted in
Fig. (6). As illustrated in this figure, the increase in WCBP
accounted for the increase in standard consistency compared to
the control cement paste.
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Fig. (5). Relation between slump and pastes having different brick powder contents.

The results showed that cement paste consistency
increased with the increase in WCBP. It was noted that cement
paste containing WCBP lacked water in an attempt to attain a
plunger penetration of 6+2 mm from the lower side of Vicat
mould, thereby generating a demand for water. These findings
are in agreement with other researchers [9], who observed that
25% cement replacement with ground clay brick powder
increased the normal consistency of cement paste by 4%
compared to control paste.

Consistency implies the fluidity and mobility or resistance
to shear deformation of cement paste [35]. Generally,
consistency plays a crucial role in depicting the workability
characteristics of concrete [36]. It is clear that findings of
consistency for cement paste premixed with WCBP resembled

0.400
0.380
0.360

0.340

Standard Consistency
(]
99
o}
[«

0.300

those of workability presented in Section 3.3. From both
experiments, the demand for water was significantly enhanced
due to the incorporation of WCBP in cement paste. The high
surface area of ground clay bricks partially substituting cement
has been found to result in increased water demand [33].
Metakaolin has also been known to increase the consistency of
cementitious paste mixes due to its high surface area [37].

3.5. Setting Time

Fig. (7) shows the trends of initial and final setting times of
cement paste. The figure reveals the influence of WCBP on the
initial and final setting times of cement paste. As anticipated,
the initial and final setting times for cement paste containing
WCBP were clearly greater than those for control cement
paste.

5 7.5 10

Brick Powder Content (%)

Fig. (6). Influence of WCBP on the consistency of cement paste.
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Fig. (7). Effect of WCBP on setting times of cement paste.

The content of SiO, in clay bricks is observed to possess
porous structures which prolong the setting times [38].
According to these authors, porous structures have a
detrimental effect on the degree of stiffening of cement paste
which prolongs setting times. In addition, Fe,0,, Na,O and K,O
are also thought to increase the setting times [39]. WCBP in
this study contained SiO,, Fe,0,, K,O and Na,O at 64.36%,
12.86%, 3.05% and 1.82%, respectively. This might be the
cause for the increased setting times. The findings in this study
suggest that the increase in setting times due to the
incorporation of WCBP was attributed to the predominant
amount of SiO,.
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3.6. Density of Cement Paste

Figs. (8 and 9) illustrate the influence of WCBP on the
density of cement paste. These figures seem to indicate that
cement paste with WCBP showed similar densities compared
to the control mix, regardless of the substitution levels of
WCBP. The densities computed using cubes of 100 x 100 x
100 mm dimensions ranged from 1900 to 2100 kg/m’ for both
curing periods. The results are in close agreement with other
researchers [18], who reported similar densities for concrete
containing WCBP in comparison with normal concrete.

5
Brick Powder Content (%)

Fig. (8). Effect of WCBP on the density of cement paste cubes after 7 days curing period.
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Fig. (9). Effect of WCBP on the density of cement paste cubes after 28 days curing period.

Based on the aforementioned findings, it can be concluded
that there was no impact of WCBP on the density of cement
paste as all cement pastes displayed similar densities. The
phenomenon of packing density can be suggested to have
contributed to similar densities observed in this study. Packing
density, defined as the ratio of solid particle volume to bulk
particle volume, is an essential value influencing the behaviour
of various cementitious materials [40]. Other researchers [41]
revealed that brick powder did not change the packing density
of cement paste in comparison with the control paste. The
Compressible Packing Model employed by these authors also
showed similar packing densities of cement paste in the
presence and the absence of brick powder. It was highlighted
that this occurred despite cement having a higher density than
brick powder. Using this line of reasoning, it is expected that
cement paste incorporated with WCBP would result in

W W A B
S W O W

densities similar to reference paste.

3.7. Compressive Strength of Cement Paste

Compressive strength tests were conducted on paste
incorporated with WCBP, and the results at 7 days and 28 days
curing periods are summarised in Figs. (10 and 11)
respectively. The experimental findings demonstrated that in
the presence of WCBP, the compressive strength of paste
decreased compared to paste in the absence of WCBP
(Control). By referring to the control paste, the cube
compressive strength after 7 days curing (Fig. 10) decreased by
48.5, 40.1, 40.4 and 51.4% for 2.5, 5, 7.5 and 10% partial
cement replacements by WCBP, respectively. A similar pattern
was observed for cube compressive strength after 28 days of
curing (Fig. 11), in which there was a reduction in compressive
strength by 27.3, 14.9, 33.1 and 48.8% for 2.5, 5, 7.5 and 10%
WCBP replacements, respectively.

_— = N
S wn O

Compressive Strength (MPa)
[\S)
(9,

0 2.5 5

== Cube

== Prism

7.5 10

Brick Powder Content (%)

Fig. (10). The effect of WCBP content on compressive strength of cement paste after 7 days curing period.
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Fig. (11). The effect of WCBP content on compressive strength of cement paste after 28 days curing period.

Cement pastes with WCBP showed reduced compressive
strengths compared to the control paste at the constant water-
binder ratio for both 7 and 28 days samples. It can be seen that
pozzolanic activity occurred in the course of 28 days curing
period which consequently led to increased compressive
strength values. WCBP partially substituting cement in other
investigations [10, 11, 30] showed a slight increase in concrete
compressive strength for 28 days curing duration. This leads to
a controversy as to why WCBP partially replacing cement in
cement paste shows no increase in compressive strength
compared to control paste but rather a slight increase in
concrete for the same curing period. For the latter, this
behaviour was assigned to the strengthening of the bonds
between aggregate and cement paste [7]. It is clear that WCBP
in this study did not show strengthening effects resulting in
increased compressive values compared to control paste. Slow
pozzolanic reactions of WCBP which require a longer period to
attain complete reaction could be suggested as the cause of
such behaviour [42, 43].

Although compressive strengths of all prism specimens
incorporated with WCBP were less than that of control paste,
there was a noticeable improvement in compressive strength of
paste containing 5% WCBP for prism specimens at the end of
7 and 28 days curing periods. Also, 28 days cube specimens
containing WCBP revealed 5% optimal cement replacement in
cement paste. However, the 7 days trend of cube specimens
incorporated with WCBP seems to show the optimum value to
be between 5% and 7.5%. This lack of agreement with the
other three trends might be attributed to a possible error. The
pozzolanic action of WCBP seemed to increase the
compressive strength from 2.5% to 5% cement replacement
levels. Suggested interpretation can be the clinker amount
effect [5]. The researchers reasoned that the high availability of
Ca(OH), in cement leads to an increased reactivity rate with
SiO, in cement paste and this might be the cause of increased
strength. There was a decrease in compressive strength beyond
5% cement replacement by WCBP. An increment in the
percentage of WCBP might have potentially caused the matrix
microstructure to be heterogeneous, thereby resulting in

reduced compressive strength values [1, 43]. Clinker dilution
effect due to an increase in pozzolanic materials could also be
suspected to have led to reduced strength [5]. This is mainly
evident in low curing periods as is the case in this study due to
reduced levels of Ca(OH), to react with SiO, [5]. Nevertheless,
meaningful discussion on pozzolanic reaction could be
enhanced with older samples.

CONCLUSION

The following conclusions are derived from the findings
reported in this paper:

(a) This research proved that WCBP acquired from waste
clay bricks can be used as a pozzolan in cement paste.

(b) The addition of WCBP reduced the workability of
mixtures. However, the workability findings demonstrated the
potential applicability of cement paste containing WCBP in
rigid pavements where fresh cement paste retains its shape.

(c) The eftects of WCBP on consistency and setting times
of cement paste are similar. The addition of WCBP can
increase the consistency and setting times of cementitious
paste.

(d) Changes in WCBP content did not significantly affect
the density of mixtures.

(e) Replacement of cement by WCBP in cement paste
decreases compressive strength. Meanwhile, using WCBP
could develop sustainable cement paste for binding
applications between old and new concrete, grouting and filling
of cavity holes.

(f) Compressive strength of cement pastes containing
WCBP reached its maximum value at 5% partial cement
replacement by WCBP at both 7 and 28 days.

Additional tests of flexural strength and Young’s modulus
are recommended in an effort to evaluate the influence of
WCBP on other mechanical properties of cement paste.
Moreover, the effect of WCBP on the mechanical properties of
cement paste for longer curing periods should be investigated.
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A deeper understanding of the pozzolanic reaction of WCBP
could be achieved by increasing curing duration.
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