Durability Of Concrete In Terms Of Water
Permeability
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Permeability is one of the main indicator defining the durability of the concrete. In one hand, the permeability of the concrete can be
high from the beginning of concrete life, in which case, the deterioration takes place rapidly during the service life. While in the other
hand, the permeability of the concrete may gradually increase (or sometimes decreases) during its service life, resulting in the damage

to concrete.

Permeability is similar to a chain reaction. It is necessary to have a permeable concrete to start to let chemical ingress into it and attack
its constituents (mainly CSH gel). Once the chemical attack starts, the permeable medium helps to leach out the products of reaction
and provides passage for inflow of more water and chemicals.

Experiment and modelling

In an experiment done by Kyung Joon Shin (2017), they found that permeability increases exponentially with increase in crack width.
This is simply due to the fact that, headloss in the larger cracks is much lower than in smaller cracks.

‘Water head (mm)
e 100 .
*—8—=8 200 '

e 30D I
15w msgg [-F-----r---- - -
700

—— 000

T

Permeability coeff. (mm/sec)
& -
1 T

0.1 0.2 0.3 0.4 0.5
Crack width (mm)

Permeability is defined as the measure of the concrete’s ability to pass gas or liquid though it. This property is of prominent importance
for water retaining structures and also for durability against chemical attack. The Darcy’s equation holds good to measure the

permeability coefficient (k) given as
$s\frac{1}{A}\frac{dq}{dt}=k\frac{\triangle h}{L}$$

$$\frac{dqg} {dt} $$ is the rate of flow of water
A is the cross sectional area of the sample
$$\triangle { h} $$ is the drop of hydraulic head over length L
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Fig. 14.2: Relation between permeability and water/cement ratio for mature
cement pastes (93 per cent of cement hydrated)
(From: T. C. POWERS, L. E. COPELAND, J. C. HAYES and
H. M. MANN, Permeability of Portland cement paste, J. Amer.
Concr. Inst.. 51, pp. 285-98 (Nov. 1954).)

Generally, transport of water though concrete occurs by cracks and capillary pores. Smaller size pores in the range of nano-meters are
less responsible for permeability. The formation of capillary pores in turn depends on the water cement ratio of the concrete, thus there
is measurable relation between coefficient of permeability and w/c ratio as shown in figure below.

While lower w/c ratio is one of the factor to reduce permeability, it is not sufficient condition. It must be noted that a dense well graded
concrete will have lower permeability. Thus, any concrete with gap-graded aggregate, even with low w/c ration will have higher
permeability.

Porosity and Permeability

It must be understood that permeability is possible only due to interconnected pores and cracks, but there is no relationship between
porosity of permeability as depicted in figure below. The volume of pores do not contribute to permeability if they are not large enough
to transport water or if they are not interconnected.
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During the initial hardening phase of concrete when the Alite and Belite are undergoing hardening reactions, the capillary pores are
gradually decreased and thus there is gradual decrease in the permeability. The hydration products occupy double the space of the
original solid constituents. Thus, for higher w/c ratio, the voids are not filled completely, resulting in higher permeability. However, with
the increase in age of concrete, the permeability may increase.
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. I4.3: Reduction in permeability of cement paste with the progress of
hydration; water/cement ratio = 0.7
(Based on: T. C. POWERS, L. E. COPELAND, J. C. HAYES and
H. M. MANN, Permeability of Portland cement paste, J. Amer.
Concr. Inst., 51, pp. 285-98 (Nov. 1954).)

Permeability and stress condition

At the lower stress level (compression stress), the permeability decreases due to closing of gaps and possible reduction in path of
interconnected pores. But as the stress becomes high and reaches near its ultimate strength, the permeability increases, this is due to
the formation of micro cracks (Marta Choinska et.al 2007).
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