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ABSTRACT

Environmental conditions affect concrete in different ways, which threatens the durability of this concrete.
Among the environmental parameters that affect the durability of concrete is the change in outdoor temperature,
between day and night, summer and winter. This paper reflects the experimental work carried in order to better
understand the effect of temperature variations on some durability aspects of an ordinary concrete frequently
used in Morocco for big infrastructure construction sites. To do this, samples of concrete were made, in order to
conduct in the laboratory a series of tests, which allowed us to determine the values of some durability
parameters such as mechanical strength to compression, porosity to water, gas permeability, electrical
resistance, chloride ion diffusion coefficient and dimensional variation. The simulation of this temperature
variation in the laboratory is accelerated thanks to a temperature-controlled chamber according to 6 hours long
cycle which is repeated and which varies in the range -5 to 40 ° C reflecting the Moroccan climate. Although
300 temperature variation cycles have relatively little effect on this type of concrete, results show that the
shrinkage has begun only after 50 cycles along with a significant loss of mass. Also, its permeability has
increased due to the repetitive temperature variations.
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I. INTRODUCTION

Concrete is a material that is more and
more used in civil engineering structures thanks to
its safety and aesthetic-related advantages. In fact,
over three tons of concrete are produced each year
per person for the entire global population, making it
the most widely used manufactured product in the
world (International Finance Corporation, 2014).
However, this material is likely to undergo several
types of degradation due to the applied loads and/or
the structure’s environment. The intrinsic durability
of concrete alone is no longer sufficient to guarantee
the service life of the structure. The durability
directly related to the immediate or future
environment of the structure and part of the structure
is now considered to be the important parameter to
be taken into account in order to optimize the
resistance of concrete to external factors: bad
weather, soil aggression, chemically aggressive
atmospheres.  Therefore, establishing a durable
concrete requires a preliminarily assessment of all
environmental conditions, aggressions and potential
attacks that the concrete is likely to undergo
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throughout its service life and to abide by the
dispositions of the standards.

One of the most important parameters of
the environment that have remarkable impacts on
concrete is air temperature. In fact, understanding
the behaviour of this material with regard to ambient
temperature will allow us to suggest suitable
solutions to improve its durability. This is of a very
big economic, security and environmental interest.
On one hand, increasing the durability of a concrete
structure like a dam, a bridge, a road or a building
will save thousands of dollars that would have been
spent for the rehabilitation of this work over the
years or for the construction of a new structure in the
case of rupture. Hence, getting to know the
behaviour of a certain type of concrete when
subjected to numerous types of degradation is the
only solution to reduce the economic costs of
rehabilitation or reconstruction. On the other hand,
the effects of temperature increase over time can
lead to the acceleration of a number of degradations
which can cause the rupture of the structure putting
the safety of individuals in danger. Furthermore, the
cement manufacturing industry is one of the main
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contributors to industrial CO2 emissions following
power industry, which account for 5% to 7% of
global anthropogenic CO2 emissions (Cheng-Yao
Zhang, 2018) and has a significant environmental
footprint due to the extensive amounts of energy and
raw materials used in the process (International
Finance Corporation, 2014). Furthermore, more
than 4 billion tonnes of cement are produced each
year, accounting for around 8 per cent of global
CO, emissions (Preston, 2018). Moreover, the
rupture of a structure such as a bridge, a dam or a
building can have a disastrous effect on the
environment, which can only be avoided through a
better knowledge of the behaviour of this material
subjected to external conditions. Thus, increasing the
durability of a structure through prior knowledge of
the effects of environmental conditions can reduce
the need to produce large quantities of cement and
reduce the emission of greenhouse gases, which is a
common motivation of countries in the framework
of the United Nations Convention on Climate
Change. Morocco accords a special interest to this
issue and is carrying out actions reflecting the
political goodwill to respect its national and
international commitments with regards to the
environment and sustainable development.

Recent studies have shown the existence of
a causal relationship between the variation of the
ambient temperature in which the concrete is located
and its durability. For example, (Jianda Xin, 2018)
found that the magnitude of cracking potential of an
early age concrete varies significantly under
different temperature histories and (Moad Isteita,
2017) found that temperature variation significantly
increases the chloride penetration process when the
temperature amplitude and the gradient of chloride
are in the same direction. (Gallucci, 2006) found
that the compressive strength of concrete is strongly
influenced by ambient temperature. He states that
after one year and for the same concrete, the
compressive strength for a sample placed in
temperatures of 5 or 20 ° C is of the order of 50
MPa, the one placed at 40 ° C is 43 MPa and at 60 °
C is 35 MPa. However, very little work has been
done to determine the behaviour of a commonly
used concrete when subjected to ambient
temperature variations adapted to the case of some
Mediterranean or African countries such as
Morocco. This paper describes the evolution of some
of the durability indicators such as mechanical
strength, porosity to water, gas permeability,
electrical  resistance, chloride ion diffusion
coefficient, and dimensional variation of a concrete
subjected to temperature cycles ranging from-5 °C to
40 °C which is consistent with the Moroccan climate
conditions.
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Il. METHODS AND MATERIALS
1. Thermal cycle

The methodology followed consists in
subjecting 28 days concrete specimens to accelerated
temperature cycles using a temperature-controlled
chamber in accordance with the method described in
the American Standard (ASTM C666 , 2015) and the
French standards P18-424 (AFNOR, 1994) and P18-
425 (AFNOR, 1994). Durability tests are then
carried out and pursued up to 300 cycles on the
various test specimens according to the same
standards mentioned above. To do this and although
more recent standards exist, we have chosen to get
inspired by the French standards P18-424 (AFNOR,
1994) and P18-425 (AFNOR, 1994) in order to
define a temperature cycle that reflects the
Moroccan climatic conditions, to be able to
determine the impact of temperature changes present
at national level on some indicators of concrete
durability.

In fact, some studies have been carried out
in order to characterize the Moroccan climate
(Lagrini K., 2016). Another study was also
conducted in order to determine the locations of the
most vulnerable areas in Morocco to the effect of
temperature, with focus on three different aspects:
high temperatures, low temperatures and thermal
amplitudes (Lagrini, et al., 2019). According to these
studies and to direct consultation with the Direction
of National Meteorology, Morocco’s peak
temperatures can go down to-5 °c and they can reach
+ 40 °c. It is therefore these critical temperatures
that are considered to be the most unfavorable and
that we have chosen to define the temperature cycle
for a duration of 6 hours as per the dispositions of
the P18-424 standard (AFNOR, 1994).

1. NUMBER AND SIZE OF THE

TEST SPECIMENS
The number and size of the test specimens are
dictated by the number of tests and their destructive
character. In fact, the durability indicators for the gas
permeability test, water-accessible porosity, chloride
ion migration and electrical resistivity are calculated
for 28 days-hardened concrete after 50 cycles, 100
cycles, 200 cycles and 300 cycles. In addition, the
same tests were carried out on a 7-day-old concrete
placed at the temperature-controlled chamber after
28, 56, and 84 cycles in order to be able to determine
the impact of temperature on these parameters on an
early age concrete. Thus, the number of test pieces
required is as follows:
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Table 1: Number and size of test specimens

BASF) (Kg/m3)

Since the mixer only allows us to mix 70L
of concrete each time, and due to the limited number
of moulds and studs, we had to repeat the process
twice in order to prepare all the specimens we need
according to the compositions and characteristics
described in Tables 3 and 4.

Table 3: Composition of the two mixtures

Water Dry mass, Wet mass
content, %  Kg

Mix  Mixt Mixt Mixt Mixt Mixt
ture  ure ure ure ure ure
1 2 1 2 1 2

Gravette 0,5 0,5 686 382 689 384

Test Dimensions Number Standards
of of tests
specimens

Gas cylindrical 7 XP P18-463

permea  specimens (AFNOR,

bility of 15 * 30 2011)

test

Water-  cylindrical 7 NF P18-459

accessi  test (AFNOR,

ble specimens 2010)

porosit  of 10 * 22

y tests

Migrati  cylindrical 7 NT BUILD

on of test 492

chlorid  specimens (NTBUILD-

e ions of 10 * 22 492, 1999)

Electric  cylindrical 7 ASTM G57-

al test 06 (ASTM,

resistivi  specimens 2012)

ty test of 10 * 22

Dimens  Test 9 NF P18-

ional specimens 427

variatio of 7 * 7 * (AFNOR,

n 28, with 1996)

measuring
studs

Ultraso  Test 9 and NF-En

nic specimens 12504-4

testing of 7 * 7 * (AFNOR,

28, with 2005)
measuring
studs

Compr  Test 18 NF EN

ession specimens 12390-3

resistan of 7 * 7 * (AFNOR,

ce 28, without 2012)

measuring
studs

2. Preparation of test specimens

We have adopted a C45/55 formulation of
concrete as described in the Table 2, usually used in
Morocco for big infrastructure projects (transport,

bridges, etc.).

Table 2: Formulation of the concrete used to prepare
the test specimens

Component Proportion en Kg/m 3
Gravette G1 980
(8/15) (Kg/m3)

Sand dune 320
Azemmour

(Kg/m3)

Pound sand 600
(Kg/m3)

Cement CPJ55 380
(ASMENTTEMA

RA) (Kg/m3)

water (Kg/m3) 164
Admixture 57

(Glenium 118
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G1 0 2 4 1

Sand 8,6 042 224 124 243 125

dune 0 8 3 3

Azemmou

r

Pound 3,7 0,8 420 234 435 235

sand 0 0 5 9

Cement 26,6 148 26,6 148

CPJ55 0 2 0 2

(ASMEN

TTEMAR

A)

water 114 6,40 7,66 597
8

Admixtur 0,39 0,22 039 0,22

e 9 23 9 23

(Glenium

118

BASF)

With

Table 4: characteristics of the two mixtures

Mixture 1 Mixture 2
Total volume, L 70 39
Concrete 19 19,7
Temperature, °C
Ambiant T, °C 17 20
Slamp, cm 20 22

3. Conservation conditions

Initially, all the test specimens were
preserved in the same way. After casting, the test
specimens were kept for 24 hours in the temperature
and humidity conditions of the room. At the end of
this initial storage time, they were demoulded and
numbered and then plunged into water at 20 °c. This
type of conservation is most favorable to the process
of hydration of cement. Then, a detailed schedule of
the tests was established and the test specimens
underwent different treatments according to two
categories:
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After 7 days of storage in water at 20°C, 8 test
specimens of 7 * 7 * 28 were kept in the
temperature-controlled chamber. After 28, 56,
and 84 cycles, sonic, freeze thaw, and
mechanical resistance tests were performed.
After 28 days of storage in water at 20°C, 4
specimens of 15 * 30, 12 test specimens of 10 *
22 and 28 specimens of 7 * 7 * 28 were put in
the temperature-controlled chamber to undergo
the cycles of variation of temperature.

After 28 days of storage in water at 20°C, 3
specimens of 15 * 30 and 9 test specimens of 10
* 22 were stored at room temperature and
served as control specimens.

IV. RESULTS AND DISCUSSION
The mechanical strength to compression slightly
varies between 47.7 and 50.6 MPA, but stays
within the accepted range of resistance for a
C45/55 concrete.
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Figure 1: The evolution of mechanical strength to
compression for test specimens having undergone

temperature variation cycles.

The porosity’s values are between 12 and 14, so
the potential durability of our concrete remains
average throughout according to (AFGC, 2004).
It is noted that the porosity value does not vary
greatly, either for the sample specimens or for
those that have undergone the temperature
variation cycles. We notice a slight decrease for
the sample specimens from 14 to 12. This could
be explained by the fact that the cement grains
continue to hydrate and fill the pores hence the
decrease in porosity. As for the test specimens
that have undergone the temperature cycles, the
porosity decreases to a value of 12 at the 100"
cycle. Then it starts to increase. This increase is
not very significant but can be explained by the
fact that the free water contained in the pores
undergoes freeze-thaw cycles, which creates

micro cracks in the concrete thus increasing its
porosity.

Porosity (23)

ime (days)

Figure 2: The evolution of porosity accessible to

water with: the graph in black represents the
evolution of porosity for test specimens having
undergone temperature variation cycles and the

graph in grey represents sample specimens.

The values of electrical resistivity are between
50 and 100, so the potential durability of the
concrete remains low according to (AFGC,
2004) either for the sample specimens or for
those which have undergone the temperature
variation cycles. It is noted that the electrical
resistivity increases over time for sample
specimens, which is expected since durability
characteristics improve during the first 90 days.
For test specimens which have undergone the
temperature cycles, the electrical resistivity
increases and reaches its maximum value at 50
cycles and then decreases and reaches a
minimum value of 62.5 at 200 cycles. The
increase in resistance, during the time
corresponding to the first 50 cycles, for the
sample specimens, is more important than that
of the test specimens which have undergone the
cycles. The effect of temperature cycles on the
test specimens can be seen in the first 28 days,
but the effect is heightened and is clearly visible
after 50 cycles, the curve completely changes its
monotony. This could be explained by the fact
that the temperature variation impacts the
chemistry of the pore water and that the freeze-
thaw phenomenon contributes to the appearance
of micro cracks which implies the reduction of
the electrical resistivity.
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Figure 4: The evolution of the coefficient of
diffusion of chloride ions with: the graph in black
represents the evolution of the coefficient of
diffusion for test specimens having undergone
temperature variation cycles and the graph in grey

Time (days)

Figure 3: The evolution of electrical resistivity with:

the graph in black represents the evolution of
porosity for test specimens having undergone
temperature variation cycles and the graph in grey
represents sample specimens.

The coefficient of diffusion of chloride ions
varies for all test specimens in the range [10,
15], therefore the potential durability of
concrete remains low according to (AFGC,
2004). It is noted that the chloride ion diffusion
coefficient decreases over time for sample
specimens, ranging from a value of 12.81 * 10 ~
“m?/stoavalue of 9.46 * 10 2 m 2/s on
the 90th day which is expected since the
durability characteristics improve during the
first 90 days. It is noted that for test specimens
subjected to temperature variation cycles, the
coefficient of diffusion of chloride ions
decreases and reaches its minimum value of
10.56 * 10” ** m? /s at 100 cycles, then increases
to the value 12.93 * 10" 2 m?/s corresponding
to 300 Cycles. The resistance to diffusion of
chloride ions increases till the 100th cycle
which can be explained by the effect of the
freeze-thaw phenomenon which could create
micro cracks facilitating the penetration of
chloride ions. This effect appears only after the
100 cycles. It should be noted that due to an
error in the programming of the test, the value
of the diffusion coefficient for the sample
specimens corresponding to the 56-day test was
lost.
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represents sample specimens.

For sample specimens, the potential durability
vis-a-vis the gas permeability varies from very
low to low according to (AFGC, 2004). While
for those subjected to cycles of temperature
variation, the durability remains throughout the
test very low. In fact, the gas permeability
decreases with the number of days for the
sample specimens, from a value of 1036.62 *
10" m#s down to a value of 735.63*10*% m2/s
on the 56th day, so their durability improves.
However, the gas permeability of the test
specimens having undergone the temperature
variation cycles remains stable during the first
50 cycles with a slight decrease from 1036.62 *
10" mzs to 1032.65 * 10™® m2/s then it
increases to reach a value of 1853.82 * 10
m2/s at the 107™ cycle. We note that for these
last specimens, permeability is not affected
before 50 cycles, but it increases afterwards.
Thus, temperature variation has affected the
evolution of gas permeability since the earliest
days, but this influence could not be clearly
apparent until after 50 cycles. We can attribute
the increase in permeability from the 50" cycle
to the evolution of the concrete’s microstructure
with the temperature and especially to the
appearance of microcracks that can easily be
penetrated by the gas, unlike water.
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The effect of temperature
variations on gas
permeability of concrete

2000 1853,82
1800
o
&~ 1600
£
= 1400
2
= 1200 1036,62 103245
=y
= 1000
=0
g a0 735,63
g °
o 600
o
¥ 400
(G
200
o]
o 20 40 60
Time (days)

Figure 4: The evolution of gas permeability with:
the graph in black represents the evolution of
porosity for test specimens having undergone

temperature variation cycles and the graph in grey

represents sample specimens.

6. The figure shows that the concrete has shrunk
during all cycles. From the figure can
distinguish two parts:

e The first part and after demolding and
conservation of the test pieces: the concrete has
undergone an expansion knowing that it
normally undergoes a shrinkage due to the water
consumptions by the hydration reaction.
However, the conservation conditions have
prevented the shrinkage, since the concrete was
placed in water.

e The second part and the beginning of freeze /
thaw cycles: the concrete has shrunk
significantly during all cycles. This can be
explained by the desiccation shrinkage since the
measurements are done after the end of the thaw
phase, which suggests that the concrete had
dried and shrunk.

Expansion 4200
100

134

-293

(pm/m)

2560

Age ())

LY
0 50 100 150 200 250 300 ?vcles
Figure 6: The evolution of dimensional variation for
test specimens having undergone temperature
variation cycles.

V. CONCLUSION

Temperature variations affect all the
durability aspects of concrete studied in this paper,
namely mechanical resistance, porosity to water, gas
permeability, electrical resistance, chloride ion
diffusion coefficient and dimensional variation.
However, these effects appear at different stages of
the process. In fact, an increase in porosity is
apparent after 100 temperature cycles of -5 to 40 °C,
whereas the effect of temperature on electrical
resistivity and gas permeability is clearly visible
after 50 cycles. This could be explained by the fact
that the temperature variation impacts the chemistry
of the pore water and that the freeze-thaw
phenomenon contributes to the appearance of micro
cracks which implies the reduction of the electrical
resistivity and increase in gas permeability.
Furthermore, porosity has not changed much. This
can be explained by the fact that the various
parameters of the porous network (connectivity as an
example) have changed in such a way that the gas
permeability increases and the porosity remains
intact. Permeability is certainly dependent on
porosity, but it is also influenced mainly by the pore
connection.

The results have shown that there is a
significant effect of ambient temperature adapted to
the Moroccan climate on the durability aspects of
concrete. Although the range of temperature used is
mainly superior to 0°C, we have found evidence
suggesting that the freeze thaw phenomenon
occurred and had caused the appearance of micro
cracks in the concrete. The effect is not very
important especially since we used a relatively
durable concrete, usually used in Morocco for big
infrastructural projects. It can be interesting to
conduct the same or similar experiments on other
compositions of concrete in order to compare the
results. This can be of a great use for decision
makers in the civil engineering community as it will
allow them to choose between the different
compositions according to various parameters such
as the effect of temperature variations.
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