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Objective: Traditional lining materials, such as cast-in-place concrete used in irrigation
networks, face challenges including cracking and low durability. In recent years, concrete
canvas has been introduced as a canal lining material due to its high sealing performance
and rapid installation. This study evaluated the performance of this technology through
the determination of Manning’s roughness coefficient, flow velocity, shear stress, and
seepage rate in comparison with conventional lining materials.

Methods: Laboratory evaluation was conducted at the Agricultural Engineering Research
Institute, and field monitoring was carried out at three pilot sites in Khusf (1 km), Gorgan,
and Qom (2 km). In the laboratory and at the Khusf and Qom pilot sites, concrete canvas
was installed longitudinally using rolls with an average length of 12.5 m. In Gorgan, for
grade 3 and 4 canals, it was installed transversely using 2 m rolls connected with bolts
and nuts at intervals of 10-20 cm.

Results: Laboratory results showed that Manning’s coefficient for concrete canvas was
0.01, which was lower than that of the laboratory control made of brick and cement
(0.022) and conventional concrete linings (0.013—0.027). Shear velocity and shear stress
were 0.032 m/s and 1.06 N/m?, respectively, representing reductions of 54% and 11%
compared with the control. Under laboratory conditions, seepage was approximately 1.29
L/m?/day, which was 96% lower than that of conventional concrete and stone linings.
Under field conditions, seepage under longitudinal installation was approximately 21%
lower than under transverse installation, indicating the higher effectiveness of
longitudinal installation in reducing seepage. Manning’s coefficient and seepage rate in
concrete canvas-lined canals were approximately 35% and 58% lower, respectively, than
those of conventional concrete-lined canals. Conclusions: The findings highlight the
importance of increasing bed compaction to improve lining performance and reduce
seepage. Concrete canvas installed longitudinally can be considered a suitable option for
reducing seepage, enhancing hydraulic stability, and improving water conveyance

efficiency in grade 3 and 4 irrigation networks.
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Introduction

Linings made from traditional materials such as cast-in-place concrete in irrigation networks
face challenges including cracking and low durability. These problems reduce water
conveyance efficiency, increase maintenance and repair costs, and shorten the service life of
irrigation networks. In recent years, concrete canvas has been introduced as a lining material
for irrigation canals due to its high sealing performance and rapid installation. This innovative
material forms a strong and impermeable layer. The present study was conducted to evaluate
this technology by determining Manning’s roughness coefficient, flow velocity, shear stress,
and seepage rate in comparison with other lining materials, particularly conventional concrete
used in existing irrigation canals. Given the limited number of comprehensive studies on the
hydraulic performance of concrete canvas under both field and laboratory conditions, this
research aims to fill this knowledge gap and provide quantitative information for decision-
making regarding the broader application of this technology.

Methods

Laboratory evaluation was conducted at the Agricultural Engineering Research Institute, and
field monitoring was carried out at three pilot sites in the counties of Khousf (with a length of
1 km), Gorgan, and Qom (each with a length of 2 km). In the laboratory and at the pilot sites in
Khousf and Qom, the concrete canvas lining was installed longitudinally using rolls with an
average length of 12.5 m. In Gorgan, however, it was installed transversely using 2 m rolls with
bolt connections spaced at 10-20 cm intervals for grade 3 and grade 4 canals.

Additionally, bed conditions, soil type, canal slope, and flow discharge were recorded at
each pilot site to enable meaningful comparisons among different installation methods. In the
laboratory section, control samples consisting of brick-and-cement linings were constructed as
a baseline for comparison with the concrete canvas. Measurements included Manning’s
roughness coefficient, flow velocity, shear stress, and seepage rate. In the field pilot sites, water
seepage was also measured.

Results

The laboratory results showed that Manning’s roughness coefficient for concrete canvas was
0.01, which was lower than that of the laboratory control samples made of brick and cement
(0.022) and conventional concrete linings (0.013—0.027). The shear velocity and shear stress
were estimated at 0.032 m/s and 1.06 N/m?, respectively, representing reductions of 54% and
11% compared with the control samples. The seepage rate under laboratory conditions was
approximately 1.29 L/m?/day, which was 96% lower than that of conventional linings such as
concrete and stone.

In the field pilot sites, the average seepage under the longitudinal installation method was
approximately 21% lower than that under the transverse installation method, indicating the
superior effectiveness of the longitudinal method in reducing seepage. Furthermore, the results
showed that Manning’s roughness coefficient and seepage rate in canals lined with concrete
canvas were approximately 35% and 58% lower, respectively, than those of traditional
concrete-lined canals in the monitored areas.

Simulations using Hydrus-2D to evaluate the effect of canal bed type on concrete canvas
performance showed that effective seepage from coarse-textured beds was approximately 20—
25% higher than that from fine-textured beds. This finding highlights the importance of
considering bed type when designing and implementing concrete canvas linings.
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Conclusions

The findings of this research highlight the importance of increasing bed compaction to
improve lining performance and reduce water seepage. Furthermore, concrete canvas installed
using longitudinal rolls can be considered a suitable option for reducing seepage, enhancing
hydraulic stability, and improving water conveyance efficiency in grade 3 and grade 4 irrigation
networks.

Based on the results, it is recommended that future applications of this technology pay
special attention to bed compaction, roll connection methods (preferably longitudinal rather
than transverse), and installation quality control. Overall, due to its advantages—including a
low roughness coefficient, minimal seepage, and rapid installation—concrete canvas represents
a promising option for the rehabilitation and optimization of traditional irrigation networks.
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