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Extended Abstract

Introduction

This study aimed to evaluate the permeability of a water supply canal and to quantify water losses arising
from the inefficiency of the concrete lining. The “cylindrical chamber” test was proposed and implemented
as an in-situ, non-destructive method. A total of 54 concrete specimens—27 water-cured and 27 cured under
ambient conditions—were tested using the cylindrical chamber method under a constant pressure of 5 bar for
5 hours. To validate the results, the BS EN 12390-8 standard test was also performed on the same specimens,
and regression analysis was conducted between the two methods. The results showed a correlation coefficient
of 0.98, indicating high accuracy of the in-situ test. For field applications, direct measurement of penetration
depth is impractical, as it is inherently destructive and requires core extraction from the structural element.
To overcome this limitation, one of the key advantages of the cylindrical chamber method was employed—
its ability to measure the total volume of water infiltrating the concrete surface over a fixed time under a
constant hydraulic head. Statistical analysis of the differences between this study and reference data, using
mean absolute percentage error (MAPE) and linear correlation coefficient (R2), showed that the mean
infiltration volume differed by less than 10%, with Rz = 0.97. These results confirm the low deviation and
strong correlation, indicating the accuracy and reliability of the cylindrical chamber test for classifying
concrete permeability. In-situ measurements at 11 selected points along the Varzaneh city water supply canal
revealed infiltration volumes exceeding 25 mL at all locations, falling within the high-permeability range and
signifying substantial water losses. Mercury intrusion porosimetry and SEM imaging further showed that the
absence of curing increased porosity and total pore volume by 7% and 69.4%, respectively.

Methodology

The cylindrical chamber method is a precise and versatile technique for quantifying the permeability of
concrete and similar construction materials under laboratory or field conditions. The testing procedure
comprised the following steps:

1. Surface preparation: The concrete surface was dried to a constant mass, and all surface
contaminants were removed to ensure proper adhesion.

2. Fixture installation: A steel annular ring was bonded to the prepared concrete surface using epoxy
adhesive. After full curing of the adhesive, the cylindrical chamber was mounted securely on the
metal fixture.

3. Water pressurization: The chamber was filled with de-aired water, and the internal pressure was
applied using a calibrated hand-operated lever. The imposed water pressure—5 bar (0.5 MPa)—
was continuously maintained and monitored via the gauge installed on the apparatus.
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4. Testing duration: Pressure was sustained for 5 hours on the exposed concrete surface.
This method allows quantification of water infiltration without sample extraction, thereby preserving the
structural integrity of the tested element.

Results and Discussion

Selected outcomes of the in-situ cylindrical chamber tests on the Varzaneh canal are summarized in Table 6.
While numerous measurements were performed along the entire length of the canal, representative results
are reported here to illustrate key trends. The findings confirm that the concrete lining of the Varzaneh water
supply canal exhibits very high hydraulic permeability, significantly exceeding recommended thresholds. In
the evaluated sections, the infiltration volumes surpassed 25 mL, classifying them in the high-permeability
range per the adopted criteria. Such elevated permeability is directly associated with excessive seepage losses,
contributing to increased water demand and reduced delivery efficiency. These observations strongly suggest
that the measured reduction in outflow is not the result of unauthorized water extraction along the canal’s
route. Rather, the dominant factor is the inadequate impermeability of the concrete lining, which permits
substantial leakage through the canal body.

Conclusions

The proposed cylindrical chamber method showed a strong linear correlation (R2 = 0.98) with the British
standard, enabling accurate in-situ permeability measurement without core extraction. Field tests on the
Varzaneh water channel indicated predominantly high permeability (>25 mL), causing considerable water
loss despite adequate inflow. An inverse relationship between compressive strength and water penetration
depth was observed, with curing greatly reducing porosity and total pore volume. The method eliminates
destructive testing, though its applicability should be validated under different climates, materials, and
structural conditions.
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Table 4. Permissible range of water permeability in concrete according to DIN 1048-5 standard
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Fig. 6. Performing the in-situ cylindrical chamber test on existing concrete structures
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Table 6. Permeability of existing concrete structures measured in-situ
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Fig. 8. Effect of severe freeze-thaw conditions on porosity using SEM imaging

aiile gl Cavods 1) ddle JLislo 51 g0l sladasuin
(V) Jgoz @ azgi b ool onnline LB C45 oy ol
Cole, L ddle IS w9 Jodow a5 04 oo canlive
Slp U3 Jlade el atnls zolidl (g9l des 040,50
Sl M)b\\/Y ).3‘).3%;1)& 6)51).«:.]4")...4)&(:45&
A osldes D9 (5 50 dastin (e & Jyge 50
Ogd C45 o s (o)l 4y sl ouls w0 VAIY
Jaie C45 (0 ddlie S o Jlade ioli8l el yais
P ORI E E PR EUH ST I PR IR WSS VA ¢
o o nl )0 &S Cul s pdydeds el LY )

e oy 5 ol o gyl Jae con i sladiges
calies bl i 50 (A) JSKo 50 ailoas dnolioe of5T slas
M) U 5o el oo olo ylis o J5SS g 9] s
2B ol 5 (S LSe shls i a5 058 e onalive (I
IS5 0 Lol ogd sod cumline ol 5o ol Jdss 5 ol
Jdo a4 ool &l wiges a5 00,5 o odmlin (-A)
Ao 51 slod S sloaSiis sl el « SL (5,9] Jos
gl H0 45 S Ml lends o SLelwgn, o,
o Semd sl Sy ol ol wlesslin LB
g Ml ,hd  1oli8l cel o I SU (pl a6lA8
Dedse (RS G rdydek Gl
ldes e sl iy (o) sl asll o
o3e3l 5 el @l (o J5dss 5 38l om it

Q‘g-?u-c 0ga> u.v.ch)] )'| oolazwl L .ol 0o e 09>

Glizo byl i jo dlw Wlasine - Jous
Table 7. Pore characteristics under different conditions
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