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Abstract The mixing time of ready-mixed concrete
may be prolonged for many reasons, which may affect the
resulting properties in its fresh and hardened states. The
effects of prolonged mixing time on the slump,
compressive strength, porosity, and permeability of
concrete were investigated in this paper. All mixtures were
prepared with the proportion 1:1.5:2 by weight for cement,
fine aggregate, and coarse aggregate, respectively. The
investigated variable was the effect of water-to-cement
ratios, which were 0.40, 0.45, 0.55, and 0.65. The materials
were continuously mixed up for 15, 60, 120, and 240
minutes without any additional mixing water. To reduce the
evaporation of the mixing water, the drum opening was
tightly covered with a polyethylene perforated film. The
results showed an increasing trend in the coefficient of
permeability values with mixing time for all mixtures
except for the mixture with a water-to-cement ratio of 0.65
which showed a reduction in value. A different trend of
results for the coefficient of permeability in comparison
with that for porosity was observed. The prolonged mixing
time (longer than 90 minutes discharged limit specified by
ASTM) does not cause a negative effect on compressive
strength as long as it has workability that facilitates the
casting process, as the mixtures with higher water-to-
cement ratios showed an increasing trend in compressive
strength.
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1. Introduction

The concrete industry has developed in all its aspects
such as design methods, machinery, and equipment. The
different types of concrete have varied according to the
diversity of their components and requirements. Urban
development has accompanied the widespread use of
ready-mix concrete all over the world. The time of mixing
concrete may be prolonged for many reasons, which may
affect its properties.

The prolonged mixing time causes the degradation of
aggregate particles, which increases the amount of very
fine material in the mix and produces friction, which raises
the concrete temperature. Both of these factors reduce
plasticity during transport and lead to the rejection of a
substantial number of truckloads of concrete. Oblaetal. [1]
estimated the amount of concrete waste to be about 3% of
total production.

Rahman et al. [2] found the properties of self-
compacting concrete (SCC) such as compressive strength,
split tensile strength, and permeability were affected when
the mixing time was extended from 5 minutes to 90 and 180
minutes. The compressive and cleavage tensile strength
decreased while permeability values increased.

According to ACI 318-19 Code, Section 26.5.1.1, and
the requirements of ASTM C94, the discharge of the
concrete shall be completed within 90 minutes from the
introduction of the mixing water to the cement and
aggregates or the introduction of the cement to the
aggregates.
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Hossain et al. [3] studied the effects of prolonged mixing
systems under different temperatures on critical properties
of concrete at 3, 7, 28, 90, and 120 days of age. They found
a decrease in the compressive strength and split tensile
strength with increasing mixing time at 25<C, while the
opposite result was observed at 40 <C. It was also noted that
the permeability values increased with increasing mixing
time and temperature.

Based on Sicakova and urban work [4], it was found that
90 min mixing time of concrete mixtures has no significant
negative influence on the tested properties such as
compressive strength, density, and water absorption, and
with prolonged mixing time, the changes in the
composition of the mixtures become less important.

The experimental results of Urban and Sicakova [5]
showed positive and negative changes in strength
characteristics due to the prolonged mixing time. They
observed that the worst difference between the initial
mixing time and that of 90 minutes was 8.4% and 8.5% for
compressive strength and tensile splitting strength,
respectively.

Abd EI-Motaal et al. [6] proved by Slump and
compressive tests that the final properties of the Ready
Mixed Concrete (RMC) were affected by mixing
parameters such as mixing time and mixing speed, and they
would be more effective if mixed for a long time with
limited speed.

Oliveira et al. [7], showed that prolonged mixing for 4
hours significantly decreases the concrete slump even with
the use of a superplasticizer. They also observed no
significant decreases in the strength, an increasing
tendency of the dynamic modulus of elasticity, and a
decreasing tendency of the electrical resistivity of the
concrete.

Many kinds of research have been carried out on the
subject related to this paper, but few of them focused on
changes in the porosity, permeability, and their relation
with compressive strength. This research aims to have a
more comprehensive study on the effects of prolonged
mixing time on porosity, permeability, and their
relationships with compressive strength.

2. Experimental Programme

The effect of the mixing time on the loss of the slump,
compressive strength, porosity, and permeability was
tested. The variables were the mixing time and the water-
to-cement ratio (W/C). The mixing proportion was fixed
for cement, sand, and gravel to be (1:1.5:2) by weight. The
water-to-cement ratio (W/C) in the mixtures was varied to
be 0.40, 045, 0.55, and 0.65. Table 1 shows the detail of the
mixes. The Drum batch mixer that belongs to a tilting type
mixer with a capacity of 150 liters was used. To reduce the
evaporation of mixing water, the drum opening was tightly
covered with a polyethylene perforated film.
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All materials were fed into the mixer uniformly and
simultaneously. To reduce the evaporation of mixing water,
the drum opening was tightly covered with a polyethylene
perforated film throughout the mixing time for up to 15, 60,
120, and 240 minutes. 150 mm x 150 mm x 150 mm
concrete cubes were cast for all tests. All specimens were
kept in molds for 24 hours and cured by immersion in water
at laboratory temperature until test time at 28 days age.

Portland cement per specification ASTM C 150 and
local sand as fine aggregate with 2.36 mm maximum size
and local gravel as coarse aggregate with 20 mm maximum
size were used. The sieve analysis of both fine and coarse
aggregates showed that the grading was within the
permissible limits according to BS882: 1992.

Table 1. Detail of mixes.
Mix No. wi/C Cement Sand Gravel
kg/m? kg/m? kg/m?®
1 0.40 489 734 978
2 0.45 466 699 932
3 0.55 446 669 882
4 0.65 427 621 854

2.1. Slump Test

The slump tests were conducted for all mixes according
to ASTM C143/ C143M Standard Test Method for Slump
of Hydraulic Cement Concrete.

2.2. Compressive Strength Test

Compressive strength tests were done as per BS. 1881-
116-1983.

2.3. Porosity Test

The Helium Gas Pores meter apparatus shown in Figure
1 was used to measure the porosity of pre-prepared
cylindrical concrete specimens with standard dimensions
of 3.79 cm cross-section diameter and 5.45 cm depth.
These specimens were extracted from the cubes using the
drilling machine shown in Figure 2. Then, the specimens
were oven-dried at 105C°, weighed daily until the weight
is stabilized to (% 5g), and then washed using solvents
toluene and methanol as shown in Figure 3 to dissolve
organic substances such as oils and salts.

Figure 4 shows the mercury pump apparatus used to
measure the total size of the specimens. The reading of the
pump was recorded as the first drop of mercury in the
container was noticed and taken to be V. After the
calibration process of the pores meter apparatus, fixing the
specimen in position, and measuring the pressure of the gas,
the size of the granules is calculated and taken as V.
Finally, the porosity was calculated from Eq.: (1).

Porosity (%) = % x 100 1)
t
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Figure 2. Drilling machine

Figure 3. Washing of specimens

Figure 4. Measurement of specimen size

2.4. Permeability Test

The Nitrogen Gas Permeate device shown in Figure 5
was used to measure the coefficient of permeability of
concrete specimens. The tests were carried out on the same
specimens used in the porosity tests. The specimen was
placed in the holder and covered inside by a rubber tube. A
pressure of 200 Psi, causing the rubber tube to press on the
specimen was applied to ensure the passing of the nitrogen
gas through the specimen only. Then, the nitrogen gas (of
viscosity measured in centipoise (CP) valve was opened
and the gas passes through the specimen. The difference in
pressure between the specimen ends in Psi was recorded
and denoted as Ap.in addition to the flow rate Q measured
in cm? / sec. Finally, the temperature reading was taken by
a centigrade unit and the permeability coefficient Kq

measured in the Darcy unit was calculated by Eq. (2).
__2000*uxQxl
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Figure 5. Nitrogen Gas Permeate device

3. Results and Discussion

Table 2 and Figures 6 to 9 show the test results of the
slump, compressive strength, porosity, and permeability
for concrete mixed up to times reached 15, 60, 120, and 240
minutes.
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Table 2. Tests results

Mix No. Mixing time (minute) Slump (mm) Compressive strength (MPa) Porosity (%) Permeability Kg (md)
15 20 56.33 13.79 0.073
60 10 63.46 13.94 0.070
! 120 5 55.91 12.83 0.127
240 0 52.90 12.09 0.836
15 110 45,53 14.26 0.107
60 90 46.57 14.53 0.123
2 120 65 48.71 15.47 0.130
240 45 50.16 15.01 0.998
15 190 36.26 16.56 0.110
60 155 40.06 18.60 0.349
3 120 125 44.01 17.14 0.147
240 80 47.65 16.38 1.143
15 280 25.26 17.25 1.730
60 245 30.36 20.20 2.157
4 120 195 35.37 18.99 1.855
240 150 36.01 17.26 1.441

3.1. Slump Values

Figure (6) shows that the slump decreased with mixing
time for all mixtures with a rate decrease with the increase
of the (W/C) ratio and increase with the increase of mixing
time. In comparison with 15 minutes of mixing time,
mixture 1, showed reductions of 50%, 75%, and 100% for
mixing time 60, 120, and 240 minutes, respectively, while
the reductions were 9.1%, 40.9%, and 59.1% for mixture 2,
18.4%, 34.2%, and 57.9% for mixture 3, and 12.5%, 20.4%,
and 38.8% for mixture 4. This was due to the continuous
reduction of water to cement ratio during mixing.

3.2. Compressive Strength

All mixtures showed an increase in compressive strength
with the increase in mixing time except for mixture group
1 which showed a decrease when the mixing time continues
to be 120 and 240 minutes as shown in Figure 7. On the
other hand, it was found that for all other mixtures, there
was an increasing trend in compressive strength with the
increasing mixing time and (W/C) ratios. Mixture 1,
showed an increasing of 12.2% and reductions of 7.5%, and
6.1% for mixing times of 60, 120, and 240 minutes,
respectively, in comparison with 15 minutes mixing time,
while the increases were by 2.2%, 7.0%, and 10.2% for
mixture 2, by 10.5%, 21.4%, and 31.4% for mixture 3, and
by 20.2%, 40.0%, and 42.6 % for mixture 4. This trend of
results is consistent with that obtained by Trejo, and Chen
[8] which indicates that the prolonged mixing time (longer
than 90 minutes discharged limit specified by ASTM) does
not cause negative effects as long as it has workability that
facilitates the casting process. The increased strength may
result from the reduction of water to cement ratio caused
by evaporation and the getting of finer cement particles due
to the continuous grinding effect during prolonged mixing

which leads to a more rapid hydration reaction.

3.3. Porosity

Figure 8 indicates significant increases in porosity in
mixtures 3 and 4 in comparison with mixtures 1 and 2 when
the mixing time was increased from 15 to 60 minutes as the
increments were 12.3% and 17.1 %, and 1.1% and 1.9%,
respectively. While, when the mixing time reached 120 and
240 minutes, the percentage of increase became less,
especially in mixtures 3 and 4, as the increases were 3.5%
and -1.1% for mixture 1 and 10.1% and 0.1% for mixture
4, respectively. This trend in porosity results is largely
consistent with that obtained from compressive strength
tests and may indicate an increase in compressive strength
and a decrease in porosity when the water-cement ratio is
increased by more than 0.45 and the mixing continues for
more than 60 minutes.

3.4. Permeability

Figure 9 shows an increasing trend in the coefficient of
permeability values with mixing time for all mixtures
except for mixture 4 which showed a reduction.
Completely a different trend of results with regard to the
percentage change of coefficient of permeability in
comparison with that of porosity was observed. In
comparison with the 15 minutes mixing time, there was a
significant increase in the coefficient of permeability
values in mixtures 1, 2, and 3 for a mixing time of 240
minutes, while a reduction in mixture 4 was observed. The
variations were -4.1%, 7.4%, and 1045% for mixing times
of 60, 120, and 240 minutes, respectively in mixture 1, 15%,
21.3%, and 833% in mixture 2, 217.3%, 33.6%, and 939%
in mixture 3, and 24.7%, 7.2%, and -16.7% in mixture 4.
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Figure 9(b). Variation of coefficient of permeability with mixing time

4. Conclusions

An investigation has been made into the effects of
mixing time on the fresh and hardened properties of

concrete.

Some concluding observations from the

investigation are given below.

The slump decreased with mixing time for all
mixtures. The rate of decrease is increased with
increasing mixing time and decreased with the
increase of (W/C) ratios.

The prolonged mixing time (longer than 90 minutes
discharged limit specified by ASTM) does not cause
a negative effect on compressive strength as long as
it has workability that facilitates the casting process,
as the mixtures with higher water-to-cement ratios
showed an increasing trend in compressive strength.
A significant increase in porosity in mixtures with
higher water-to-cement ratio when the mixing time
increased from 15 to 60 minutes, while for mixing
times 120 and 240 minutes, the percentage of

increases became less especially in the mixtures with
a higher water-to-cement ratio.

It was observed an increasing trend in the coefficient
of permeability values with mixing time for all
mixtures except for mixture 4 which showed
reduction values. It is completely a different trend of
results for the coefficient of permeability in
comparison with that for porosity.

Nomenclatures
Vy the total size of the voids is calculated as Vy
= Vt — Vg
Vg the size of the granules
Vi the total size of the specimens
Ky gas permeability coefficient
T the temperature in the centigrade unit
Q flow rate measured in (cmq/ sec)
L specimen length measured in (cm)
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the cross-section area of thespecimen

measured in (cm?)

AP

the pressure difference in (psi)

Greek Symbols

kN;

viscosity of nitrogen gas in (CP)
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