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ABSTRACT

Prediction models are proposed to estimate features such as
strength and physical properties of concrete mixes which are
subjected to re-mixing process. The effects of re-mixing
concrete mixes after adding additional water on the physical
properties (final slump, dry unit weight and pulse velocity) and
hardened concrete strength (compressive strength, tensile
splitting strength, modulus of rupture, static and dynamic
modulus of elasticity) of concrete at 7 and 28 days are studied.
The empirical equations are proposed in terms of the fresh
properties according to the characteristics of the mixture of
concrete (ratio of water to cement, humidity, mix air content,
mix temperature, proportions of mix and unit weight). It is
concluded that the predicted values using the developed models
fairly agree with the experimental results collected from
previous studies.

Key words: Concrete mix proportions, Concrete strength,
Fresh concrete, Hot weather, Statistical analysis.

1. INTRODUCTION

Serious challenges face the engineers working on placing
concrete in hot climate areas or in summer season when the
temperature of the atmosphere rises. In such conditions,
concrete may be exposed to high temperature, wind, and dry
air (low humidity air). Although high temperature is usually
occur in summer season, winds and dry air are critical drying
factors and may arise any time, particularly in arid or tropical
climates. These could affect the concrete’s performance in an
adverse way. Therefore, the process of placement of concrete,
including: handling, placing, finishing and curing of concrete,
should be undertaken with considering special precautions to
guarantee decent performance of concrete both in the fresh
and the hardened states. [1], [2].

The surface of concrete loses moisture (water) when exposed
to high temperature by the evaporation process. High
temperatures not only accelerate the evaporation of the water
from the concrete surface but also increase reaction of the
cement hydration. These could result in quick hardening of the
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fresh concrete and promote fast development of plastic
shrinkage and associated cracking. The cracking of concrete
surface can also develop as a result of the large difference in
the temperature of day time (hot) and the night time (cold).
For example; a concrete slab is cast at mid-day time on a hot
day followed by a quick decrease in that temperature after
hours in the night time. The rate hydration of cement can also
be increased due to high temperature which can potentially
contribute to the cracking concrete if it cast in massive
quantities. [1]-[3].

There are other issues associated with the placement of
concrete in hot climate areas. Among these are: the increase of
water demand which in tut increases the ratio of water-cement
resulting in weaker concrete (lower strength), the loss of
slump increases, the setting times accelerates demanding that
the finishing process to be undertaken in short time [4].

Concrete mixtures incorporating superplasticizers are also
prone to the loss of workability under hot and dry climates and
when the casting of concrete is delayed. If such loss of
workability happens; it can be recovered through adding extra
water (or spuerpalstizers) and remixing the fresh concrete. It is
expected for the mechanical properties of the concrete to
decrease when the water content is increased. Therefore, in
some cases adding only superpalctizizers may be more
beneficial than adding extra water. There is no wide
agreement in the literature about the effect of the remixing of
the fresh concrete on its associated mechanical properties. The
use of extra water or superplasticizers (or may be both) is
usually practiced on construction sites in hot or dry climates to
enhance the workability of fresh concrete aiming at extending
the time that allow handling of concrete and saving the time
and effort needed for compaction. But this can alter the
mechanical properties of the hardened concrete. Therefore,
testing or the prediction of the properties of the hardened
concrete is curial [5], [6].

The extent of compaction of the fresh concrete significantly
affects the strength of concrete mix. Hence, the fresh state of
the concrete should be in a state which permits the concrete to
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be transported, cast and finished in an easy way with no
segregation. Meeting such condition can lead to workable
fresh concrete. It is well-known that when time passes, fresh
concrete tends to became stiff. This can be attributed to the
absorption of the water by the ingredients of the concrete and
may be due to evaporation. This manifestation is usually
accelerated by factors such as heat (exposing concrete to direct
sun) or wind. The expected result of such loss of moisture of
fresh concrete is a decrease in the workability of the fresh
concrete (lower values of slump and compacting factor) [1],
[2]. Thus, it is obvious that when concrete is cast in hot and
dry conditions, the water content should be increased and the
fresh concrete should be remixed to maintain the workability
of the fresh concrete [3].

In a research undertaken by Haneyneh and Itani in 1989 [4],
the residual mechanical properties of remixed concrete was
examined. They studied different concrete mixtures having
various strengths. They assessed the workability (slump) and
mechanical properties such as f (compressive) and f,

(splitting) strength, poisson's ratio, f (modulus of rupture),
and E; elastic moduli) after adding extra water and remixing
the fresh concrete.

Sobhani et al. [7] studied the effect of re-mixing method on
the strength of concrete under compression loads and the
permeability of concrete by applying three kinds of remixing
(melamine sulphonate superplasticizer, water and water-hold
remixing). They indicate that compressive strength and
permeability of re-mixed concrete using superplasticizer and
with water-hold remixing increased with further delay in
concrete casting, while decreasing in water remixing. In a
study undertaken by Sai and Sambasivarao [8], it is shown that
superplasticizer re-mixing needs less amount of water
compared to water re-mixing. They found that the final w/c
ratio of the mixes with superplasticizer re-mixing is lower than
the mixes with water re-mixing. The decrease in the
compressive strength of superplasticizer re-mixing concrete is
less than the water re-mixing concrete. Also, relationship
between the re-mixing water and mixing time is parabolic,
while the relation between re-mixing water and compressive
strength is linear. They found that the relation between the
superplasticizer content and the mixing time is linear too.

Ziad et al. [9] examined the effect of using water and
superplasticizer re-mixing on the workability and the
compressive  strength.  They  recommended  using
superplasticizer re-mixing to increase both workability and
strength in comparison to water re-mixing.

In another study conducted by AL-Hozaimy in 2007 [5], the
influence of re-mixing of the concrete cast in a hot and dry
climate on its workability and strength was examined. The
concrete was ready-mixed concrete. The study talked ready
mixes concretes from 12 construction sites. The ready mixed
concrete was delivered by various suppliers. In this study, the
addition of water to the mix and remixing the concrete
resulted in a decrease in the strength of concrete and this
decrease was directly linked to the associated increase in
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slump The drop in the strength was under 10% when the extra
water was added to recover the workability of the concrete
represented in slump values to the specified limits of (100
25 mm). Nevertheless, when the intention was increasing the
slump values beyond these specified limits by adding more
water, the drop in the strength reached higher ratios (35%). In
this study, it was concluded that the decrease the strength
induced by the change in slump values, which caused by
adding extra water to the concrete on site, can be estimated if
true values of w/c ratio cannot be determined due to practical
issues.

In another study which was undertaken by Erdogu, in 2005
[6], the effect of using superplasticizer Type F according to
ASTM C (494) on the re-mixing of fresh concrete aiming at
recovering its workability (measured in slump values) was
assessed. Two groups of mixes were examined. In the first
one, water was used to remix the fresh concrete and to recover
its target workability (slump 19 cm), whereas in the second
group, superplasticizer was used to recover the initial
workability. For each group, cubes (150 mm) were cast to
assess the compressive strength of the mixes at the age of 28
days. The outcomes of the study show that when the concrete
mixtures is remixed using superplasticizer, considerable
higher strength observed in comparison with the mixtures
remixed using water [10-11] .

This theoretical research aims at developing prediction models
of fresh and hardened characteristics of remixed concrete. The
research utilizes statistical analysis to achieve this aim. The
research attempts to use basic data of the concrete mixtures
and the quantity of the extra water used for the remixing of the
concrete to develop the equations that can predict the
performance of the concrete in both conditions, fresh and
hardened. Experimental outcomes from previous studies [3]
available in the literature are used to develop the predicting
models.

2. STATISTICAL ANALYSIS

To develop models to predict the properties of concrete in the
states of fresh and hardened, the approach of regression
analysis; in particular multi-linear, and least square method are
employed to propose various models by relaying on the basic
mix characteristics of concrete mixture and its properties. The
broad form of proposed equation is as follow:
Yomptasd, oo dap ey oo Xy o ky +o, 08 @
where:

(X K. X, X, X; & X)) are independent variables.

(og. @005, 00 & ag) are coefficients.

The determination of these values of the value of these
coefficients are achieved by employing the experimental
results from previous studies and utilizing a computer
program. According to the least square principle:
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§=E¥- yy &)

5= Error function equal to square of differences in

(calculated and experimental) results (total).

{;= Data of experimental results (dependent variable).
= Data of Calculated results (dependent variable).

N = Number of observations.

5= atopl tap hto skt tagp ko k-0 (3)

The determination of the values of the coefficients requires

that the (57 (function of error) to be minimized:

3 _

aai 0 (4)

wherei =123, 8

A set of simultaneous equations are generated by using these
equations and written in a matrix form. These equations are
solved by employing PC generated programs and utilization of
data from experimental observations to find the coefficients
value at various cases.

[Al{a} = {8} ®)
Where [4] = the matrix coefficients
v E ¥, z i E X Z X, z X, Z ¥ | z Y
YROYE YRR DRE OIRL YXE YK . Yy
Z A E X% E X Z XX, Z T.X, E KX E KoK ;i Z v
E){, Ex,,n E Taky z be z pA'a z ok, Z Tk [{esr= Zx; v
) ) NS : ) ) :
EA‘ EA_‘XL Eu{ PR3 Z)g Eu{s EU(, Es Zm’
E X E X4, EU: E X, E XX, E be Z X% Z X¥
Su S Sun Yan Y Sw ¥i | Ow

{a} = [4]-{B} ®)
The experimental data used for developing the theoretical
models are collected from previous studies. These data are the
fresh and mechanical properties of concrete mixtures tested at
three stages, initial, first and second stages. The initial stage
represents the original condition of the mixture meaning no
extra water has been added to the mixture. The first stage (first
stage of remixing) is the condition of the concrete mixture 30
minutes after the initial stage. In this stage, extra water is
added to rise the workability of the concrete mixture. The
second stage (second stage of remixing) is the condition of the
concrete mixture 60 minutes after the initial stage. In this stage
water is added to recover the workability of the concrete
mixture to its value in the initial stage.

All characteristics of the concrete in fresh and hardened
conditions are related with the variables, which includes
simple properties of concrete mixture. The variables
(independent) X1: Temperature (T} , X2: Ratio of water to
cement (W /), X3: represents the mix proportions
[(C+w)/(S+G)], X4: mix air content (%); X5: humidity
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(H)(%), X6: density () kg/m®,

The set of the equations resulted from the application of
equations 6, are solved by developing a computer program and
based on the experimental data provided in reference number
4 (NCCL,1984) and depicted in Table 1.

Table 1: Data from Experimental Observations[ Rer. NCCL, 1984]
WWATER Dy U W |PULSE VELOCITY
P AR UNIT FINAL

x| (w % oot i DTOSASBE e |__kgim’ misec
% 3 mm Before | Aftar
o by || R2R TR ) 2RFE
238 [045]078] 76 _[2394 24062071 04776 | 04687 [ 0462 ] 10 | 37
285 1% 088 104 [2369 266 2076 0.4585 | 04498 | 04602 | 64 | 60
24 195 [228] 101 2360|2351 | 2047 | 04661 | 0493 | 04481 | 68 | 82
2304 [254] 355 101 [2a47 |08 2285 04529 | 04478 [ 04279 | 63 | 114
0 | 2263|260 160] 114 2290 2251|2216 04363 | 04338 | 04267 | %0 [ 14
0 | 2268 J0s0 08| e | 2428 24292430 0459 | 04226 | 04eeg ] 10 [ 18
30 | 2408 Joso 076 | 71 2435 o472 2412] 04760 | 04675 | 0466 | 28 [ 25
2 | 237 | 130 ] 108] o6 | 24262404 298] 04648 | 0.46% | 04597 | 7 [ o7
30 | 2386 [102]126] 68 | 2399 2381|278 0657 | 04626 | 04604 | % | 0
30 | 2403|110 106 68 | 2404 2416]2388] 04677 | 04508 | 04509 | 68 [ 75
238 {00000 17 [oaft 2381 2408 04714 | 0462 [ 04691 | %5 |
3 | 2409 Jog2 [070] o8 2392|2362 2288 04640 | 04617 | 04535 26 | 8
0 | 2208|108 123 114 417 2306 250 0463 | 04604 | 04588 T0 [ &7
30 | 2406|123 098 | %5 |28 2268 2298] 04654 | 04586 | 04665 %2 [ 2
0 | 2400|127 [0os | o6 |08 2200 2291] 0465 | 04600 | 04604 61 [ 51
% | 2368 [086 [030] 76 |39 [2a68]2a77] 04572 | 04606 | 04406 % [ 13
50 | 22 [oa7 [036] e 4142576 269] 0458 04610 | 04656 | 60 [ 22

Table 1.
CONTINUE.
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G3 |35.16)43.37)30.65)43.7533.72|41.72) 520 | 4.88 | 4.56 | 492 | 480 | 417 [3.210{2.923|2.874| 3663 | 3.661) 3,685

G4 | 33.58]41.44)34.01/38.96)31.00|38.27) 5.06 | 468 | 372 | 433 | 429 | 370 3.021|2.874) 25701 3.521)3.243|3.139

G5 |31.71)40.28)33.62|30.20|29.60|36.93] 4.90 | 472 | 403 | 420 | 323 | 3.00 |2.776|2.520{2.162 3.317 | 3.191]3.054

GO |33.48)36.96)30.75|37.79)20.31 | 37.65) 5.03 | 465 | 465 | 372 | 373 | 341 3.237|3.387)3.378) 3.795 | 3607 | 3.786
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3 RESULTS OF STATISTICAL ANALYSIS
3.1 Properties of Fresh Concrete

Eleven different characteristics of concrete in the fresh
condition related with the variables (X, X, X, X,. X & X.;
and the value of the coefficients {ay. @,. 02,65, 0.0 & a,) are
determined based on the experimental data and presented in
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Table 2.
Widg, = Water dosage for first retlempering (kg).
Wdp, = Water dosage for second retempering (kg).
5¢ = Final slump (mm).

¥o — Dy unit weight (kg/m®) %or initial stage.
¥ogr = Dryunit weight (kg/m?®) for first stage,
Yoz = Dy unit weight (kg/m?) for second stage.
Vv = Fulse velocity (m/sec) for initial stage.
Vgy = Pulse velocity (m/sez) for first stage.
Vs = Pulse velocity (m/sec) for second stage.
5 = Slump losses before retempering (mm).
St = Slump losses after retempering (mm}).

Vo= aptay =T+ ﬁz*?‘l‘ g %+ g+ Atag+H+a;+v...(7)

Table 2: Values of Coefficients of Equation 1of Fresh Properties of

Concrete.
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Figure 1: Predicted (Theoretical) versus experimental results
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In Figure above the predicted (Theoretical) versus the
experimental results of : a-dry density gi’n) (Kg/m®); b- dry
density after 1st re-mixing (¥zz1) (Kg/m®); c- dry unit weight
after 2nd re-mixing (¥zaz) (Kg/m®); d- pulse velocity ()
(m/sec); e- pulse velocity (PV)after 1st re-mixing (Vaz)
(m/sec); f- PV after 2nd re-mixing (Vaz) in m/sec

3.2 Properties of Hardened Concrete

The compressive strength (f.) at 7 days and 28 days are
considered after the first and second remixing stages; flexural
strength () after the first and second remixing stages; tensile
splitting strength (£,) after the first and second remixing
stages; static and dynamic modulus of elasticity () () after
the first and second remixing stages; are predicted using the
developed models. Also, the losses in the aforementioned
mechanical properties are considered after the first and second
remixing stages.

[ = f, atage (7 days) for init:al stage (MPa).
fhe = [ atage (28 days) for initial stage (M Pa).
iy = J- avage (7 days) for frst stage (MPa)
[har, = [ atage (28 duys] for Grst 1 stage (M Fo).
fhp: = f- atage (7 days) for second stage (MPa).
Fliar: = f atage (28 days) for second stage (MPa).
f. = [, for imitial stage (MPa)
frnn = f, for first stage (MPa),

wus = [ for second stage (MPe).
fsp = [ tor wahial stage (MFPa).
fipmy = [ Tor first stage (MFPa).
Leprz = [ Tor socond stage (MPu).
Eg — E,; for initial stage (M FPua).
Eug, = E,, for firststage (MPa).
Eypa = E,; for second stage (MPa).

E., = Ey, for initial stagz (MPa).

E;omy = Egy for first stage (MPa).
Ei.yp: = E4y for second stage (M Pa).
flap. = lossin f at age (7 days) after first stage (MPa).
[lizapy = lossin f at age (28 days) after first stage (MPa).
[iags = lossin [ arage (7 days) after second stage (MPa).
Jiiagps = lossin j: al ags (28 days) aller secomd stage (M Po).
friry = lossin f. after firet stage (MPa).

na = lossin f. secord frstremixing (MPa).
feorm: = loss in f, after first stage (MPa).
[eorr: = loss in f, after second stage (MPa).
Eginy = lossin E;p after first stage (MPa).
Eytg: = lossin £, after second stage (MPa).

The following model is developed for the compressive
strength:

W C+v

ff=ap+e=T+ “:";'l‘ Qg * :+ aysAtas=H+ta =y -

®)

By solving the Equation 6, using the experimental data, the
value of the coefficients are determined. These values are
tabulated in Table 3 for considered variables. The predicted
results are in line with the experimental data to a great extent
as can be seen in Figure 2 (a to f) for the compressive strength
(,{) ; modulus of rupture (f); tensile splitting strength (£,);
static and dynamic moduli of elasticity (Ec) (Ed) and their
losses after the first and second remixing stages.

S
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Table 3: Hardened Properties of Concrete: Values of the Coefficients
of the Equation.(1)
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Figure 2: Predicted (Theoretical) versus experimental results of ( ﬁ: )
in MPa: a-at 7 days ; b- at 28 days ; c- 7 days ( 1st stage); d- 28 days
(1st stage); e- 7 days (2nd stag); f- 28 days (2nd stage)
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Figure 3: Predicted (Theoretical) versus experimental results of (fr)
in MPa : a- initial; b- after 1st stage; c- after 2nd stage

Thaa

Figure 4: Predicted (Theoretical) versus experimental results of (fsp)
in MPa : a- initial; b-after 1st stag; c- after 2nd stage
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I

Figure 5: Predicted (Theoretical) versus experimental results of
modulus of elasticity in(*10 GPa): a- static (Z=c ); b- static after
2nd stage (Esm: ; ¢- dynamic after 1st stage (Edym); d- dynamic
after 2nd stage (“draz)

3.3 Discussion

Re-mixing is the process of adding water or admixtures to the
concrete to adjust the workability in hot and dry weather.
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Many approaches of concrete re-mixing have been adapted
such as water remixing, superplasticizer agents remixing and
mineral admixtures. Mineral admixtures and superplasticizer
result in increasing the strength of the concrete whereas using
water re-mixing reduces the compressive strength of concrete.
Other properties such as porosity, water absorption and
workability are improved using s superplasticizer and mineral
admixtures remixing compared to water re-mixing.

The re-mixing process should be in the initial time setting
stage of the cement (i.e. the first hour after addition of water,
the quantity of water used for the second stage of re-mixing is
higher than the quantity of water used for the first stage of re-
mixing, where in this research the first stage begins after 30
minutes from initial mixing time and the second stage starts
after 60 minutes.

The results show that concrete properties in both states (fresh
and hardened) are affected by the water re-mixing. It was
determined that the workability and the compressive strength
of concrete decrease when water re-mixing is used to adjust
the workability (slump) of concrete to be more suitable for
placing casting and finishing. Similar behavior was also
reported by previous experimental studies ((NCCL 1984)

Empirical equation is suggested to predict the concrete
properties in the states of fresh and hardened in climates
characterized with high temperature and low humidity based
on experimental observations available in previous studies
(NCCL 1984). General equation is proposed to find the
concrete properties at fresh and hardened conditions as a
function of mix properties and some other variables such as
water cement ratio, mix temperature, density, humidity and
mix air content. The figures of the coefficients of the
equations (mg. ;. 0., 65, e & ag) are determined using
multi-linear regression analysis least-square method for all
concrete properties under consideration. The figures of
coefficient of correlation (r) show that the predicted results are
in a strong agreement with the experimental observations for
properties of concrete in fresh condition (content of water in
the first and second re-mixing, slump loss, final slump, pulse
velocity and dry unit weight); and for hardened concrete
properties (compressive strength at the age of 7 days and 28
days, modulus of rupture, elastic moduli (both static and
dynamic). The relationships between the experimental
observations and the predicted results are displayed in figures
(1-5) for both fresh and hardened concrete properties.

4 CONCLUSION

The outcomes of the current study can lead to the following
conclusions:

- The utilization of basic concrete’s mixture properties such as
the ratio of w/c, temperature, mix proportion, humidity, air
content and density, can be used to develop prediction models.
These models can predict fresh properties of such the water
quantity of first and second stage of re-mixing, dry unit weight
and slump value for the remixed concrete mixtures.
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- The use of same basic properties of the concrete mixtures
can help in developing strength prediction models to estimate
the hardened properties of such mixtures. Mechanical
properties such as compressive strength; tensile splitting
strength and flexural strength as well as elastic moduli (both
static and dynamic) can be predicted using such models. The
models can predict the experimental values fairly well.

- Good agreement was found between the predicted values
using the developed models with the experimental values of
the previous studies.

- Such developed models can reduce cost needed to cast and
prepare concrete samples to determine the properties of
concrete (fresh and hardened). Also these models can save
time for the process of the experimental determination of these
properties.
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