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Water Retaining Structure and Waterworks
( Question 1 to 6 refer to previous Newsletter)

7. Why do BS8007 specify the allowable crack width of water retaining structure
as 0.2mm for severe or very severe exposure?

For crack width less than 0.2mm, it is assumed that the mechanism of autogenous healing will take place in
which the crack will automatically seal up and this would not cause the problem of leakage and reinforcement
corrosion in water retaining structure.

When the cracks are in inactive state where no movement takes places, autogenous healing occurs in the
presence of water. However, when there is a continuous flow of water through these cracks, autogenous
healing would not take place because the flow removes the lime. One of the mechanisms of autogenous
healing is that calcium hydroxide (generated from the hydration of tricalcium silicate and dicalcium silicate)
in concrete cement reacts with carbon dioxide in the atmosphere, resulting in the formation of calcium
carbonate crystals. Gradually these crystals accumulate and grow in these tiny cracks and form bonding
so that the cracks are sealed. Since the first documented discovery of autogenous healing by the French
Academy of Science in 1836, there have been numerous previous proofs that cracks are sealed up
naturally by autogenous healing. Because of its self-sealing property, designers normally limit crack width
to 0.2mm for water retaining structures.

8. In designing reservoirs, the indirect tensile strength of the concrete mix is specified to
be less than a specific value (e.g. 2.8N/mmz2) for potable water. Why should engineers
put an upper limit of indirect tensile strength?

The crack width formation is dependent on the early tensile strength of concrete. The principle of critical steel
ratio also applies in this situation. The amount of reinforcement required to control early thermal and shrinkage
movement is determined by the capability of reinforcement to induce cracks on concrete structures. If an
upper limit is set on the early tensile strength of immature concrete, then a range of tiny cracks would be formed
by failing in concrete tension. However, if the strength of reinforcement is lower than immature concrete, then
the subsequent yielding of reinforcement will produce isolated and wide cracks which is undesirable for
water-retaining structures. Therefore, in order to control the formation of such wide crack widths, the concrete
mix is specified to have an indirect tensile strength at 7 days not exceeding a certain value (e.g. 2.8N/mm2 for
potable water). Reference is made to R. D. Anchor, A.W. Hill and B. P. Hughes (1979).

9. Shall reversible moisture movement be taken into account in estimating movement for
movement joints?

The size of concrete is affected by changes in atmospheric humidity: moisture causes expansion while drying
causes shrinkage. Such moisture movement is reversible. This is totally different from drying shrinkage in which
concrete slowly loses moisture during hardening, thus causing irreversible shrinkage.

In fact, the variation of humidity and the estimated reversible moisture movement is not significant (about 30%)
and therefore, its contribution to movement does not justify for movement joints as suggested by MN Bussell &
R Cather (1995).
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