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ABSTRACT

This study aims to investigate the impact of groundwater containing composite salts on the compressive
strength of concrete foundations located in the city of Basra in Irag. The groundwater in this city demonstrates high
concentrations of salts, particularly significant amounts of magnesium, sodium, and calcium salts, which are present in
close proximity to the soil surface. To accomplish this objective, a foundation in the mentioned city was selected, which
has been constructed since 2012 and remains incomplete to this day. The chosen foundation covers an area of
approximately 2000 m2. Samples were collected from seven distinct regions, with three samples obtained from each
region, resulting in a total of 21 samples. The selected regions were those most affected by groundwater, specifically
those closest to the soil, such as regions near edges or openings within the foundation. The results of compressive
strength tests conducted on all specimens indicated a remarkable decline in compressive strength. On average, the
findings revealed a 30% reduction in compressive strength, highlighting the significant impact of composite salt-
contaminated groundwater on the durability of concrete foundations.
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1. INTRODUCTION effects of slag cement on the sulfate resistance of

Concrete is one of the most widely used
construction materials in the world. Its
compressive strength is a crucial factor that
determines its performance and durability.
Compressive strength, can be improved in a
number of ways. Some of these methods include:
using cementitious materials such as fly ash and
ground granulated blast furnace slag [1], adding
fibers such as steel fibers [2, 3], polypropylene
and carbon fibers [4, 5], etc. Since these additives
can enhance microstructural properties of the
concrete matrix and the status of its voids and
pores. For example, Alapour et al. [6] studied the

concrete cylinders after 38 years of exposure to
sodium sulfate solutions. Their results showed
that a 65% slag substitution of portland cement
was very effective in improving the performance
of concrete exposed to sodium sulfate.

In this context, the environment plays a
critical role in determining the service life of
concrete structures, especially in regions with
severe climate conditions. If these factors are not
properly  considered, they can severely
compromise the durability of the structure [7, 8].
For instance, in marine environments, steel-
reinforced concrete structures deteriorate due to
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the penetration of various chemical substances,
including water [9], carbon dioxide [10], sulfates
[11], and chlorides [12]. The presence of chloride
ions is widely accepted to be the primary cause of
steel corrosion in concrete structures in coastal
regions [13]. This is because chloride ions can
penetrate the concrete and react with the steel,
forming a corrosive environment. The corrosion
of steel can lead to a significant amount of early
structural ~ failures, with serious economic
consequences.

Fundamentally, one of the most severe
problems affecting concrete is sulphate attack
[14]. Sulphates are naturally occurring chemicals
that can be found in soil and groundwater. When
sulphates come into contact with concrete, they
can react with the cement in the concrete, which
can lead to the formation of expansive products.
These expansive products can cause the concrete
to crack and spall [15-18]. These characteristics
are accompanied by volume expansion and mass
loss, which can lead to structural failure [19].
Many studies have investigated the compressive
strength deterioration of concrete in a sulfate
environment. These studies have considered a
variety of wvariables, including the water-to-
cement ratio [20], additives [21], sulfate
concentration [22], dry-wet cycles [23], and
erosion age [24].

Sulphate sources may manifest from either
internal or external origins. While less prevalent,
internal sources stem from materials employed in
concrete production, such as hydraulic cement, fly
ash, aggregate, and admixtures. Conversely,
external sources are more common and usually
crop up in soils and groundwater with high-
sulphate levels, as well as due to atmospheric or
industrial pollution [19]. There are several types
of sulfate solutions that can cause this kind of
damage, including magnesium, sodium, and
calcium sulfate. Research has also revealed that
the presence of certain minerals and compounds
in the aggregate used in concrete can exacerbate
the effects of sulfate attack [25, 26]. For example,
the use of aggregates containing high levels of
reactive silica can increase the potential for
damage due to sulfate attack [25]. To mitigate the
effects of sulfate attack, various methods have
been proposed, including the use of sulfate-
resistant cement, the addition of pozzolanic
materials such as fly ash, nano and/or micro-
silica, and the use of protective coatings [27, 28].
However, the effectiveness of these methods may
vary depending on the specific conditions and the

severity of the sulfate attack [29]. Wang et al.
[30] found that concrete made with waste fly ash
and coal gangue is feasible for use in coal mining
subsidence areas with high groundwater levels.
Tang et al. [31] showed that coal gangue can be
used to replace cement in sustainable concrete,
which improves the concrete's sulfate resistance.

This study aims to investigate the effects
of composite salts such as magnesium, sodium,
and calcium, on the compressive strength of
concrete foundations. To assess the compressive
strength, a total of 21 samples were extracted
from a foundation that has been cast since 2012
and exposed to high levels of composite salt-
contaminated groundwater that exist near the soil
surface. The chosen foundation covers an area of
approximately 2000 m2. Samples were collected
from seven distinct regions, with three samples
obtained from each region, specifically from
regions near edges or openings within the
foundation.

2. EXPERIMENTAL PROGRAM

2.1. Case study description

The comprehensive depiction of the
underground water level throughout the entire
nation of Iraq can be observed through the map
provided below (see Fig. 1). Additionally, Table
1, showcasing the depths of underground water in
some regions of the studied Basra province, also
accompanies this information. According to the
values presented in Table 1, it becomes evident
that the groundwater level is exceptionally
elevated, with measurements reaching
approximately 2 m below ground surface in
certain areas.

Table 1: Depth of groundwater in some regions of
the Basra province.

Redion Basra Al- Al- Al- Basra
Y city Deir Shafi Sharsh airport
Depth | 537 | 255 | 25:7 | 278 | 359
[m]

2.2. Chemical properties of soil

A chemical analysis was conducted on
the soil in some areas of Basra province and its
findings have been documented in Table 2. The
results indicate a significant presence of sulfate
salts, specifically magnesium, sodium, and
calcium salts, within the soil where the highest
salts are respectively sodium, magnesium and
calcium.
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Table 3: Chemical composition of cement used in
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The fine aggregate utilized in the
concrete mixes was sourced from the Al-Ukhaidir
zone. In accordance with Iragi Standard
Specifications No. 45 of 1984, Table 4 outlines
the properties of the utilized fine aggregate. The
coarse aggregate utilized in all mixtures was
obtained from Al-Nabai area in the form of
rounded gravel. The maximum permitted size of
the gravel, as per Iragi Standard No. 45 of 1984,
was 20 mm. Table 4 presents properties of the
coarse aggregate used in the mixtures.

Table 4: The characteristics of coarse and fine

T T T T T
10°00"E 12°00°E 14°00°E 16°00"E 48°00"E

Fig.1 Depth of groundwater in hydrological
zones.

Table 2: Chemical properties of the soil in Basra

aggregates.

. Coarse Fine
Properties of aggregates aggregate aggregate
Relative density [Dry] 2.66 2.61
Absorption [% of dry 050 1.20
mass] ' '

Salt percentage; SO; [%] 0.06 0.27
Maximum diameter
[mm] 20 4.75
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2.3. Materials

The type of cement used was salt-
resistant Portland cement. It was produced at the
Karbala Cement Factory and met the
requirements outlined in the Iragi Standard
Specification No. 5 of 1984. It is worth
mentioning that this standard was updated in
2019. The cement had a specific area of 3000
cm?/g and a specific gravity of 3.15. The cement
content of the concrete was 380 kg/m3. Table 3
shows its chemical composition.

2.4. Extraction of core samples

To assess the compressive strength of the
foundations, a total of 21 samples were extracted
from seven distinct locations where they have
been cast and surrounded by soil since 2012. The
reason for choosing this foundation is that this
foundation is submerged in groundwater with
high salinity. It has been left unfinished since 10
years to this day, and no construction has been
done on it. Three foundation samples were
obtained from each of the seven regions. The
chosen regions are those that have been
significantly impacted by groundwater. The
selection was based on the proximity of these
regions to the soil. As a result, regions located
near edges or openings within the foundation
were specifically chosen for investigation. These
specimens were extracted using a core drilling
machine. For example, the first region where the
first group of specimens were extracted, can be
seen in the Fig.2.
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Fig.2 Sampling technique a. prepare the sampling
location, b. extraction core sample, c. core sample

2.5. Preparation of samples and compressive
strength

After extracting the samples, the surface
of the samples has been smoothed to perform the
test where the grout was used for this aim (see
Fig.3). As mentioned before, to evaluate the
compressive strength based on BS 1881 [32]
guidelines, 100x200 mm specimens were used.
Each region was represented by three cylinders.
After processing the surface of samples (see Fig.
4), they were tested for the evaluation of their
compressive strength based on BS 1881
guidelines [32] in which an apparatus was
employed to subject the samples to controlled
levels of pressure.

(b)

Fig.3 Preparation specimens a. core sample, b.
flattening of the sample surface

Fig.4 Test specimens after processing

3. TEST RESULTS AND DISCUSSION

This section provides a comprehensive
analysis and discussion of the compressive
strength test results obtained from the concrete
foundation samples. First of all, salt
crystallization on concrete surface should be
discussed through visual observation. Fig. 5
shows the characteristic of salt crystallization on
the concrete surface attacked by composite salt-
contaminated groundwater. As can be clearly
seen, the concrete surface is heavily affected by
salt crystallization, with an abundance of salt
crystals  visible  throughout.  The  salt
crystallization extends from the base level to the
surface of the foundation, indicating that the
entire surface exposed to the salt-contaminated
groundwater is covered in salt crystals.
Furthermore, there is a varying degree of salt
crystallization, likely resulting from the
differential effects of capillary action and
evaporation. As the sulfate solution moves
through the concrete surface via capillary action,
it undergoes evaporation and concentration,
leading to the formation of salt crystals with
different levels of gradation. Additionally, signs
of erosion, cracks and splitting can be observed in
the concrete (see Fig.5).
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(b)

Fig.5 Foundation affected by composite salt-
contaminated groundwater

3.1. Compressive strength

Table 5 shows the results of compressive
strength tests in MPa and its reduction values for
concrete foundation samples. The average results
of three samples for each region are presented in
Table 5, which showed a relatively high
compressive strength of reference samples
completely immersed in plain water free of sulfur.
Figure 6 exhibits the meticulous and systematic
procedure of conducting sample tests through the
utilization of a sophisticated pressure apparatus.
In the absence of exposure to salts, a compressive
strength of 30.87 MPa was recorded for the
reference sample which was taken from the
concrete foundations during casting and cured in
ordinary water for 28 days. This particular
outcome served as a benchmark and was denoted
by the symbol C as shown in Fig. 7. As
mentioned above, the reduction rate of
compressive strength is presented in Table 5. The
reduction in compressive strength can be ascribed
to various factors, including the existence of a
substantial number of random micro cracks.
These cracks facilitate the infiltration of both
composite salt-contaminated groundwater and

other substances into the concrete when these
minerals penetrate and occupy the open spaces
within the concrete's microstructure, it facilitates
oxidation and leads to sulfate attack in these
particular areas, leading to a significant decline in
compressive strength [27, 33]. Furthermore, the
voids that are filled with minerals within the
coarse aggregate often experience cracking [34].
These cracks exhibit either radial orientations or
propagate into the cement matrix. Additionally,
the expansion caused by crystal growth and
absorption of these minerals generates pressure,
potentially contributing to the observed cracking
[35, 36]. Moreover, the deposits within the voids
can diminish their effectiveness in preventing
water penetration when the concrete foundation is
exposed to groundwater [34, 37]. Liu et al. [24,
38] conducted a series of micro tests, including
X-ray diffraction (XRD), scanning electron
microscopy (SEM), Fourier transform infrared
spectroscopy (FTIR), and thermogravimetric
(TG) analysis, to understand the deterioration
mechanism of sulfate-attacked concrete. They
found that the main sulfate products are gypsum
and ettringite. They reported that the performance
and microproducts of concrete were significantly
affected by the sulfate-rich environment.

Fig. 6 Sample testing to determine the
compressive strength

40 -

30.87
30 -

22.64 22.98
21.63 5059 1955 22.24 2191

20 A
10 1 I I
04
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Fig.7 The compressive strength of the specimens.

Compressive strength (MPa)
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Table 5: Compressive strength of the concrete
foundations.

. Compressive strength .
Region | ID [MPa] Diff.
- C 30.87 1.00
| S1 21.63 0.70
1 S2 20.59 0.67
1] S3 19.55 0.63
[\ S4 22.64 0.73
\ S5 22.24 0.72
VI S6 21.91 0.71
VII S7 22.98 0.74

As mentioned above, based on Table 5,
it is observed that compressive strength decreased
significantly in foundation samples that were
subjected to composite salts of varying
concentrations. For example, the compressive
strength of the S3 foundation sample decreased
by approximately 37% over a period of 10 years.
This decline can be attributed to the elevated
levels of salts present in the groundwater.
Specifically, the salts of magnesium, sodium, and
calcium have been identified as contributing
factors. When compared to the reference
counterpart, this decrease in strength highlights
the impact of environmental factors on the long-
term durability of concrete structures. In other
words, this decrease did not exceed 11.32 MPa in
any selected region during the 10-year period.
The compressive strength of the specimens is
illustrated in Fig. 7. Based on the compressive
strength tests performed on all samples, the
results showed a significant reduction in
compressive strength. On average, the findings
revealed a 30% reduction in compressive
strength. This result is consistent with the findings
of previous studies. Zhao et al. [39] reported a
reduction in the mass of concrete by
approximately 10% after it was immersed in a 5%
sulfate solution for a period of 9 months.
According to the findings after 2 and 4 months by
Liu et al. [24], it has been observed that the
compressive strength of the concrete decreases as
the concentration of sulfate solution increases.

4. CONCLUSION

In conclusion, sulfate attack can have a
significant impact on the compressive strength
and overall durability of concrete. It is important
to carefully consider the type and concentration of
sulfate ions present in the environment, as well as
the properties of the aggregates and other
materials used in concrete construction. By taking
appropriate  measures to prevent or mitigate
sulfate attack, the longevity and performance of
concrete structures can be improved. The present
paper offers an extensive investigation into this

degrading agent, encompassing its causes and
effects, with attention given to south Irag and a
special focus on Basra City in lraq. The research
results are summarized below.

e The phenomenon known as sulphate
attack is a prevalent mechanism that
causes degradation in structures. This
form of chemical damage can lead to the
development of cracks, spalling, and
disintegration of the structure, ultimately
resulting in a decrease in its strength.

e Based on the compressive strength tests
performed on all samples, the results
showed a significant reduction in
compressive strength. On average, the
findings revealed a 30% reduction in
compressive strength.

e The study's outcomes have demonstrated
that sulphate attack, with its various
mechanisms, has adverse impacts on
structures. Despite the wide distribution
of groundwater salts within the south
Iraq region, the successful
implementation of precautionary
measures can effectively limit their
impact on structures.

e The recommendation is, therefore, that
supplementary materials such as micro-
silica, fly ash, and blast furnace slag can
be used as inexpensive materials with a
strong effect on the properties of
concrete in the concrete mix and its
sulfate resistance; as a result, the
deterioration in compressive strength
could be decresed and the strength for
the production of the high performance
concrete could be increased.
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