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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.
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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 

Özhan, 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
1
, 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 Varzaneh 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 80±5 °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)

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 

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 1. The chemical specifications of type 2 cement (derived from the specifications of 
Abik Cement Factory)

Chemical 
composition

LOI MgO SO3 K2O Na2O CaO Al2O3 SiO2 Fe2O3 

Weight (%) 1.89 3.20 1.99 0.26 0.74 62.44 4.81 21.05 3.84

Table 2  Physical specifications of type 2 cement (derived from the specifications of Abik Cement Factory)

Final 
setting 
time 
(min)

Initial 
setting 
time 
(min)

Blaine 
fineness 
(cm

2
/gr) 

Autoclave 
expansion 

(%)

Compressive strength (MPa)

28-day 7-day 3-day 2-day

212 153 3081 0.21 49.2 33.3 20.8 16

-

Table 3. Specifications of consumed water

pHTemperatureWater sourceWater type

725 °C 
Drinking water 

from Qazvin city
Drinking water

a)                                                                                                b)

Fig. 1. Grading curves: a) fine and b) coarse 

ab
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Fig  2  Cylindrical chamber test: a) overview of the device and b) measurement of penetration depth 
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Table 4. Mix ratios 

Gravel (
  

  
)Sand (

  

  
)W/C Cement (

  

  
)Water (

  

  
) Design number 

699 879 0.55 381 211 Mix 1 
686 862 0.45 440 198 Mix 2 
667 838 0.37 516 191 Mix 3 

   
Fig. 3. Effect of Wet-Dry cycles on permeability: a) penetration depth and b) penetration volume 
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Fig. 4. Analysis of the correlation between parameters 
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Table 5. Compressive strength values and volume of water penetration in concrete 

Volume of water penetration 
under wet and dry

conditions (ml)

Volume of water penetration under 
normal conditions (ml) 

28 Day compressive 
strength (MPa) 

Type

20.517.128.8Mix 1 
14.412.440.6Mix 2
11.29.748Mix 3

Table 6. Concrete shrinkage percentage at different ages

Curing (day) Shrinkage test age (%) 
3 Days 7 Days 14 Days 28 Days 42 Days 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 

)Alyami et al., 2024(

He et (.

)al., 2024

 

)1and Naderi, 202Varzaneh Saberi (

, 2020)Varzaneh Saberi(Naderi and 

Fig. 5. Cracking in concrete channel body 
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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

HighLow 

Volume of penetration 

(ml)
Depth of penetration (mm)

Volume of penetration 

(ml) 

Depth of penetration 

(mm) 

25.2617.116

27.3647.718

439211.928

Greater than 25 mlGreater than 60 mmLess than 12 mlLess than 30 mm

Fig. 9. In-situ evaluation 

 

 



                       dx.doi.org/10.22093/wwj.2025.529392.3498 

 

                                   Water and Wastewater 

                                      Vol. 36, No. 1, 2025 

SEM

 

 

INSF

 

 

 



                               dx.doi.org/10.22093/wwj.2025.529392.3498 

 

         
                                   Water and Wastewater 

                                      Vol. 36, No. 1, 2025 

References 

12390-8:, B.S. 2019. Testing Hardened Concrete: Depth of Penetration of Water under Pressure. 

British Standards Institution London, UK. 

ACI-18, 2018. Concrete Terminology, American Concrete Institute, Farmington Hills. USA.

Alexander, M., Bentur, A. and Mindess, S., 2017. Durability of Concrete: Design and Construction 20. 1
st
 Edition. 

ISBN 9781138746749. CRC Press. Boca Raton, London, New York. https://doi.org/10.1201/9781315118413.

Alyami, Y., Ferreira, D. and Castro-Gomes, J., 2024. Relationships between density, porosity, compressive strength, 

and permeability of cementitious materials. Case Studies in Construction Materials, 25, e024264. 

https://doi.org/10.1016/j.cscm.2024.e024264. 

ASTM C136-19. 2019. Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates. ASTM International: 

West Conshohocken, PA, USA. [Link] 

Building and Housing Research Center (BHRC), 2008. The National Method for Concrete Mix Design. Tehran, Iran. (In 

Persian). [Link] 

Chen, L. and Wang, Z., 2021. Non-destructive testing for evaluating concrete permeability: a review of techniques and 

applications. Construction and Building Materials, 265, 120-130. 

https://doi.org/10.1016/j.conbuildmat.2020.120130. 

Chen, L., Zhang, Y. and Wu, Z., 2022. Impact of drying-wetting cycles on the mechanical properties and permeability 

of concrete: a comprehensive study. Cement and Concrete Research, 149, 106526. 

https://doi.org/10.1016/j.cemconres.2021.106526.

DIN 1048-5. 1991. In Testing Concrete: Testing of Hardened Concrete (Specimens Prepared in Mould). Germany. 

[Link] 

Gang, X., Yun‐pan, L., Yi‐biao, S. and Ke, X., 2015. Chloride ion transport mechanism in concrete due to wetting and 

drying cycles. Structural Concrete, 16(2), 289-296. https://doi.org/10.1002/suco.201400035. 

GB/T50082. 2009. Standard for Test Methods of Long-Term Performance and Durability of Ordinary Concrete. China 

Architecture and Building Press, Beijing (China). 

Guo, J. J., Wang, K., Guo, T., Yang, Z. Y. and Zhang, P., 2019. Effect of dry-wet ratio on properties of concrete under 

sulfate attack. Materials, 12(17), 2755. https://doi.org/10.3390/ma12172755.

He, J., Xu, S., Sang, G., Wu, Y. and Liu, S., 2024. Enhancing the mechanical properties and water permeability of 

pervious planting concrete. Materials, 17(10), 2301. https://doi.org/10.3390/ma17102301. 

Kaboudan, A., Naderi, M. and Afshar, M., 2021. The efficiency of Darcy and two-dimensional diffusion flow models to 

estimate water penetration into concrete. Journal of Building Engineering, 34, 102012. 

https://doi.org/10.1016/j.jobe.2020.102012. 

Liu, F., Zhang, T., Luo, T., Zhou, M., Zhang, K. and Ma, W., 2020a. Study on the deterioration of concrete under dry-

wet cycle and sulfate attack. Materials, 13(18), 4095. https://doi.org/10.3390/ma13184095.

Liu, F., Zhang, X. and Li, L., 2020b. Application of non-destructive methods for evaluating concrete permeability under 

wet-dry cycles. Journal of Non-Destructive Testing, 19(2), 87-98. 

https://doi.org/10.1016/j.conbuildmat.2019.116753. 

Lü, C., Liu, D., Ding, Y., Lü, X., Zhou, Z., Mu, Sh. et al., 2025. Effect of early dry-wet cycles on the mechanical 

performance and microstructure characteristics of ultra-high performance concrete (UHPC) with varying metakaolin 

(MK) contents. Construction and Building Materials, 490, 142471. 

https://doi.org/10.1016/j.conbuildmat.2025.142471.

Naderi, M., 2010. Determine of Concrete, Stone, Mortar, Brick, and Other Construction Materials Permeability with 

Cylindrical Chamber Method, C.A.I.P. office, Editor. Iran. (In Persian). 

https://doi.org/10.1201/9781315118413
https://doi.org/10.1016/j.cscm.2024.e024264
http://www.astm.org/
http://www.bhrc.ac.ir/
https://doi.org/10.1016/j.conbuildmat.2020.120130
https://doi.org/10.1016/j.cemconres.2021.106526
http://www.din.de/
https://doi.org/10.1002/suco.201400035
https://doi.org/10.3390/ma12172755
https://doi.org/10.3390/ma17102301
https://doi.org/10.1016/j.jobe.2020.102012
https://doi.org/10.3390/ma13184095
https://doi.org/10.1016/j.conbuildmat.2019.116753
https://doi.org/10.1016/j.conbuildmat.2025.142471


                       dx.doi.org/10.22093/wwj.2025.529392.3498 

 

                                   Water and Wastewater 

                                      Vol. 36, No. 1, 2025 

Naderi, M. and Kaboudan, A., 2020. Cylindrical chamber: a new in situ method for measuring 

permeability of concrete with and without admixtures. Journal of Testing and Evaluation, 48(3), 

2225-2241. https://doi.org/10.1520/JTE20190578. 

Naderi, M. and Kaboudan, A., 2021. Experimental study of the effect of aggregate type on concrete strength and 

permeability. Journal of Building Engineering, 37, 1-11. https://doi.org/10.1016/j.jobe.2020.101928. 

Naderi, M. and Saberi Varzaneh A., 2020. Curing and shrinkage effect on the pmm/concrete bond, using “Friction-

transfer” and “Pull-off” Methods. Ferdowsi Civil Engineering, 33(1), 85-100. 

https://doi.org/10.22067/civil.v1i33.82639. (In Persian). 

Naderi, M., Saberi Varzaneh, A. and Parhizkari, M., 2024. Measuring the permeability and compressive strength of 

concretes containing additives in freeze–thaw conditions without breaking the sample. Journal of Materials in Civil 

Engineering, 36(8), 04024202. https://doi.org/10.1061/JMCEE7.MTENG-16435. 

Qu, F., Li, W., Dong, W., Tam, V. W. and Yu, T., 2021. Durability deterioration of concrete under marine environment 

from material to structure: a critical review. Journal of Building Engineering, 35, 102074. 

https://doi.org/10.1016/j.jobe.2020.102074. 

Rodriguez-Navarro, C., Doehne, E. and Sebastian, E., 2000. How does sodium sulfate crystallize? implications for the 

decay and testing of building materials. Cement and Concrete Research, 30(10), 1527-1534. 

https://doi.org/10.1016/S0008-8846(00)00381-1. 

Saberi Varzaneh, A. and Naderi, M., 2021. Practical and theoretical studies of dhesion between repair layers with 

concrete and steel substrates. A thesis submitted for the PhD. in civil engineering in the field of structural 

engineering. Faculty of Technical and Engineering Department of Civil Engineering. Imam Khomeini International 

University, Qazvin, Iran. (In Persian)

Safarkhani, M. and Naderi, M., 2023. Enhanced impermeability of cementitious composite by different content of 

graphene oxide nanoparticles. Journal of Building Engineering, 72, 106675. 

https://doi.org/10.1016/j.jobe.2023.106675. 

Saliba, J., Kouta, N. and Saiyouri, N., 2024. Effect of wetting/drying cycles on the durability of flax fibers reinforced 

earth concrete. Construction and Building Materials, 445, 137924, 

https://doi.org/10.1016/j.conbuildmat.2024.137924. 

Shen, L., Zhang, L., Yang, X., Di Luzio, G., Xu, L., Wang, H. et al., 2024. Multiscale cracking pattern-based 

homogenization model of water permeability in hybrid fiber-reinforced concrete after high-temperature exposure. 

Journal of Building Engineering, 84, 108643. https://doi.org/10.1016/j.jobe.2024.108643.

Siddiqui, M. S., Nyberg, W., Smith, W., Blackwell, B. and Riding, K. A., 2013. Effect of curing water availability and 

composition on cement hydration. ACI Materials Journal, 110(3), 315-322. [Link].  

Springenschmid, R., 2007. Betontechnologie für die Praxis, 1
st
 ed.; Beuth Verlag GmbH: Berlin, Germany. [ISBN 

3899321618] 

Teriqet, A., Mohammadi., M. and Medras Y., 2019. Thermodynamic investigation of hydration and chemical shrinkage 

of cement containing slag. Sharif Journal of Civil Engineering, 34(4), 82-57. https://doi.org/10.24200/j30.2019.1446. 

Ting, M. Z. Y., Wong, K. S., Rahman, M. E. and Meheron, S. J., 2021. Deterioration of marine concrete exposed to 

wetting-drying action. Journal of Cleaner Production, 278, 123383. https://doi.org/10.1016/j.jclepro.2020.123383. 

Wu, Z., Wong, H. S. and Buenfeld, N. R., 2017. Transport properties of concrete after drying-wetting regimes to 

elucidate the effects of moisture content, hysteresis and microcracking. Cement and Concrete Research, 98, 136-

154. https://doi.org/10.1016/j.cemconres.2017.04.006. 

Yildirim, M. and Özhan, H. B., 2023. Effect of permeability-reducing admixtures on concrete properties at different 

cement dosages. Journal of Innovative Science and Engineering, 7(1), 48-59. https://doi.org/10.38088/jise.1174927. 

https://doi.org/10.1520/JTE20190578
https://doi.org/10.1016/j.jobe.2020.101928
https://doi.org/10.22067/civil.v1i33.82639
https://doi.org/10.1061/JMCEE7.MTENG-16435
https://doi.org/10.1016/j.jobe.2020.102074
https://doi.org/10.1016/S0008-8846(00)00381-1
https://www.sciencedirect.com/science/article/pii/S2352710223008549
https://www.sciencedirect.com/science/article/pii/S2352710223008549
https://doi.org/10.1016/j.jobe.2023.106675
https://doi.org/10.1016/j.conbuildmat.2024.137924
https://doi.org/10.1016/j.jobe.2024.108643
https://krex.k-state.edu/dspace/bitstream/2097/17296/1/RidingACIMJ2013.pdf
https://doi.org/10.24200/j30.2019.1446
https://doi.org/10.1016/j.jclepro.2020.123383
https://doi.org/10.1016/j.cemconres.2017.04.006
https://doi.org/10.38088/jise.1174927


                               dx.doi.org/10.22093/wwj.2025.529392.3498 

 

         
                                   Water and Wastewater 

                                      Vol. 36, No. 1, 2025 

Zeng, W., Wang, W., Pan, J. and Liu, G., 2023. Effect of steel fiber on the permeability of freeze-thaw damaged 

concrete under splitting tensile and compressive loads. Journal of Building Engineering, 80, 108086. 

https://doi.org/10.1016/j.jobe.2023.108086. 

Zhang, G., Zheng, H., Wei, X., Li, Z., Yan, Z. and Chen, X., 2024. Concrete mechanical properties and pore structure 

influenced by high permeability water pressure. Developments in the Built Environment, 100385. 

https://doi.org/10.1016/j.dibe.2024.100385. 

Zhao, X., Zeng, W., Zou, B. and Chen, C., 2023. Topographical characterization and permeability correlation of steel 

fiber reinforced concrete surface under freeze-thaw cycles and NaCl solution immersion. Journal of Building 

Engineering, 80, 108042. https://doi.org/10.1016/j.jobe.2023.108042.

Zhou, L., Zhang, J., Nie, Q., Wu, H. and Wu, L., 2024. Effects of calcium sulfate whiskers and basalt fiber on gas 

permeability and microstructure of concrete. Construction and Building Materials, 411, 134369. 

https://doi.org/10.1016/j.conbuildmat.2023.134369. 

https://doi.org/10.1016/j.jobe.2023.108086
https://doi.org/10.1016/j.dibe.2024.100385
https://doi.org/10.1016/j.jobe.2023.108042
https://doi.org/10.1016/j.conbuildmat.2023.134369



