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Abstract

Assessment of water conveyance channel durability, particularly under severe

environmental conditions such as wetting and drying cycles, is of considerable
importance. Moreover, the development of in-situ testing methods that enable rapid and
cost-effective evaluation of structures without the need for concrete destruction plays a
crucial role. In this study, the effects of continuous wetting and drying conditions on the
permeability of concrete and the performance of the Varzaneh water conveyance channel
were investigated. These conditions have resulted in significant water loss and reduced
water transmission capacity. Considering that the methods introduced in international
standards are generally destructive and only applicable in laboratory environments, the
Cylindrical Chamber method was used in this research to measure concrete permeability.
This method enables non-destructive, in-situ permeability measurement of concrete. The
results indicated that the permeability of concrete increased significantly under wet-dry
cycling conditions. To simulate the behavior of the canal’s concrete lining, laboratory
concrete specimens were prepared, and the effects of various cycles of continuous wetting
and drying on permeability were examined. Additionally, microstructural analysis of the
concrete was performed to assess the impacts of these conditions. The findings revealed
that wetting and drying conditions led to an approximate 17% increase in concrete
permeability, which significantly compromises the integrity of the channel’s concrete
body. Furthermore, three-dimensional plots were utilized to establish the relationship
between compressive strength and permeability parameters. Proper curing was also found
to reduce shrinkage cracks in concrete by about 20%. Therefore, to maintain optimal
channel performance, it is essential to implement preventive measures and appropriate
repairs.

To cite this article:
Saberi Varzaneh, A., Naderi, M., 2025. Investigation of the effect of continuous wetting
and drying cycles on the durability of the VVarzaneh water channel. Water and Wastewater,
36(1), 24-42. https://doi.org/10.22093/wwj.2025.529392.3498.

© The Author(s).
This work is licensed under a Creative Commons Attribution 4.0 International License

Water and Wastewater

Vol. 36, No. 1, 2025

Keywords:
Wetting and Drying
Cycles, Water
Conveyance Channel,
Permeability, Concrete,
Cylindrical Chamber.

Received: Jan. 27, 2025
Revised: Mar 18, 2025
Accepted: Apr. 14, 2025

Use your device to scan and
read the article online

VEoF Jlo ) oyleds ¥ 550

Q


http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-0921-6484
https://orcid.org/0009-0007-1345-6321
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-0921-6484
https://orcid.org/0009-0007-1345-6321
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-0921-6484
https://orcid.org/0009-0007-1345-6321
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-0921-6484
https://orcid.org/0009-0007-1345-6321
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-0921-6484
https://orcid.org/0009-0007-1345-6321
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-0921-6484
https://orcid.org/0009-0007-1345-6321
mailto:Ali.saberi@edu.ikiu.ac.ir
https://doi.org/10.22093/wwj.2025.529392.3498
https://doi.org/10.22093/wwj.2025.529392.3498
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-0921-6484
https://orcid.org/0009-0007-1345-6321
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-0921-6484
https://orcid.org/0009-0007-1345-6321

25

dx.doi.org/10.22093/ww;j.2025.529392.3498

Investigation of the effect of continuous wetting and ...

1. Introduction

Permeability is recognized as a fundamental
factor in determining the performance and
durability of concrete. The ingress of harmful
substances through microcracks and microscopic
pores initiates various chemical and physical
processes, ultimately leading to significant
alterations in concrete’s structure (Yildirim and
Ozhan, 2023). In general terms, permeability
refers to the movement of fluids within the pores
of concrete under external pressure. According to
the definition provided by the American Concrete
Institute’, permeability is the ability of concrete to
allow fluids to pass through its interconnected
pore network (ACI, 2018). Factors such as severe
temperature fluctuations (Shen et al., 2024), high
water pressure (Zhang et al., 2024), the ingress of
harmful chemicals such as sulfates and chlorides
(Zhou et al., 2024), and the effects of freeze-thaw
cycles (Zeng et al., 2023) can negatively
influence the mechanical properties and
permeability of concrete (Zhao et al., 2023).

To date, no investigations have been
conducted on the durability of the VVarzaneh water
channel, primarily due to the lack of equipment
capable of measuring concrete permeability in
situ and without the need for destructive testing.
Therefore, in this study, the cylindrical chamber
test was employed to directly assess the
permeability of the water conveyance channel and
concrete specimens under severe wetting and
drying conditions. This method not only measures
the depth of water penetration into concrete but
also quantifies the volume of water permeated per
unit time, allowing for non-destructive in-situ
evaluation of concrete.

Previous studies have exclusively utilized
water penetration depth as the criterion for
assessing concrete permeability. However, in the
present research, the equivalent permeated water
volume is determined and considered as the
principal indicator of permeability. This approach
enables accurate in-situ evaluation of the
durability of concrete structures. Moreover,
microstructural analysis of the concrete was
performed to further investigate the effects of
these conditions on its permeability.

2. Methodology

The wet-dry cycles according to the GB/T50082
(2009) standard are performed as follows: First,
concrete samples are kept in an oven at a
temperature of 8015 °C for 48 hours. Then, the
samples are immersed in a 5% sodium sulfate
solution for 15 hours, ensuring that the solution

1 American Concrete Institute (ACI)
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temperature remains between 25 and 30 °C, with
the solution being replaced every month.
Afterward, the samples are removed from the
solution for 30 minutes and exposed to the open
air for one hour. Following this, they are placed
back into the oven at 80 °C for 6 hours, and
allowed to cool for 2 hours. This process
completes one wet-dry cycle.

All the experiments in this study were
conducted in a well-equipped construction
materials laboratory. The laboratory is equipped
with the standard devices required for conducting
tests related to concrete, including equipment for
measuring strength, permeability, and other
quality control devices for materials. The
materials used, including cement, sand, and
aggregates, were directly sourced from reputable
quarries and factories in the city of Qazvin. Prior
to use, these materials were evaluated for their
physical and chemical properties to ensure they
meet the national and international standards
required for the study.

The “cylindrical chamber” test is a precise
method with wide application for measuring the
permeability of concrete and other construction
materials, both in the laboratory and in the field.
To use the “cylindrical chamber” device, first, the
concrete surface is thoroughly dried and any
contaminants are removed. Then, a metal ring is
bonded to the concrete surface using epoxy
adhesive. After the adhesive has cured, the
“cylindrical chamber” device is mounted onto the
metal plate. The chamber is then completely filled
with water and, by turning the manual lever, the
desired pressure is applied to the water inside the
device. The pressure value can be read from the
gauge installed on the device. In this study, a
water pressure of 5 bar was applied to the surface
of the concrete specimens for 5 hours.

3. Discussion and results
According to the obtained data, the permeability
of the Varzaneh channel concrete is very high
(exceeding 25 mm), indicating significant water
loss and the inefficiency of the channel’s concrete
lining. In addition to surface evaporation, this has
resulted in a considerable reduction in the volume
of water delivered to the city compared to the
volume entering the channel, highlighting the
importance of rehabilitating the concrete lining to
mitigate these losses. Notably, the innovative
cylindrical chamber test enables precise and in-
situ assessment of concrete permeability without
the need for coring or causing damage to the
structure.

The initial wetting and drying cycles lead to a
reduction in volume and penetration depth in the
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concrete samples compared to the control
samples. This phenomenon can be attributed to
various factors, which are explained scientifically
here.

The reduction in water penetration volume
with an increase in compressive strength is
directly related to the compaction and improved
microstructure  of higher-strength  concretes.
Concretes with higher compressive strength,
having greater density and fewer or smaller pores,
provide fewer pathways for water to pass through,
leading to a significant reduction in water
permeability. In general, it can be concluded that
increasing the compressive strength of concrete
not only enhances durability and load-bearing
capacity but also has a substantial effect on
reducing water permeability, both under normal
environmental conditions and during moisture
cycles.

It is clear that concrete, especially at early
ages, is affected by shrinkage due to drying.
Table 6 presents data related to the shrinkage
changes of concrete at different time intervals. In
these tests, some of the samples were placed in
environmental conditions (open air) from the
beginning of mixing, while another group of
samples were subjected to curing in water. It is
noteworthy that the shrinkage of the concrete was
measured on days 3, 7, 14, 28, 42 and 90.

According to the data, the shrinkage of the
samples cured in water after 90 days was 0.175%,
while for the samples without curing, the
shrinkage was measured at 0.217%. In other
words, wet curing reduced shrinkage by
approximately 20% compared to the uncured
samples. These results indicate that releasing the
samples into the open air leads to a significant
increase in shrinkage. In general, the increase in
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shrinkage, especially at the early ages of concrete,
is primarily due to the rapid loss of moisture.
Previous studies have also confirmed this; for
instance, one study demonstrated that the rapid
loss of water from the capillary pores of hydrated
cement leads to reduced water absorption at the
surface and, ultimately, an increase in concrete
shrinkage.

The reduction in penetration depth at higher
strengths  indicates  further  progress and
development of hydration products, which leads
to a more compact structure. The increase in
compressive strength is dependent on the volume
and type of the formed hydration products, and
thus, it is related to the reactions between solid
and liquid components.

4. Conclusion

With an increase in the number of severe wetting
and drying cycles, the damage to concrete
increases and its permeability rises accordingly.
Specifically, the application of 100 wet-dry
cycles resulted in a more than 17% increase in the
volume of water penetrated into the concrete.

By plotting a three-dimensional diagram and
investigating the relationship between
compressive strength and permeability
parameters, it was revealed that higher
compressive strength leads to a reduction in both
the depth and volume of water penetration in
concrete.

Under wet-dry conditions, the water
penetration volume for concrete with a
compressive strength of 28.8 MPa was measured
at 20.5 mm, whereas this value decreased to 11.2
mm for concrete with a compressive strength of
48 MPa.
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Table 4. Mix ratios

Design number  Water (%) Cement (% W/C  Sand (% Gravel (%
Mix 1 211 381 0.55 879 699
Mix 2 198 440 0.45 862 686
Mix 3 191 516 0.37 838 667
= Normal Condition m 50 cycles 100 cycles 25 ®Normal Condition =50 cycles 100 cycles
__ 50 € b)
£ a) £
§, 40 A ) 20 1
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Fig. 3. Effect of Wet-Dry cycles on permeability: a) penetration depth and b) penetration volume
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Table 5. Compressive strength values and volume of water penetration in concrete

28 Day compressive

Volume of water penetration under

Volume of water penetration

e strength (MPa) normal conditions (ml) ur::g(re]t;j\il;/ieotnasr}(rincl‘.l)ry
Mix 1 28.8 17.1 20.5
Mix 2 40.6 12.4 14.4
Mix 3 48 9.7 11.2
ul:mw.\.nj>u:4§mco.> oy —F Jad
Table 6. Concrete shrinkage percentage at different ages
. Shrinkage test age (%)

CUTg) (EEY) 3 Days 7 Days 14 Days 28Days _ 42Days 90 Days

Free space 0.109 0.143 0.171 0.194 0.204 0.217

7 Days 0.052 0.085 0.122 0.151 0.163 0.175
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Fig. 6. Effect of severe conditions on porosity: a) normal condition and b) wet-dry condition
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Table 7. Determination of water penetration volume

Low

High

Depth of penetration Volume of penetration

Depth of penetration (mm)

Volume of penetration

(mm) (ml) (ml)
16 7.1 61 25.2
18 7.7 64 27.3
28 11.9 92 43

Less than 30 mm Less than 12 ml

Greater than 60 mm Greater than 25 ml
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