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THE DESIGN AND CONSTRUCTION OF
REINFORCED AND PRESTRESSED
CONCRETE STRUCTURES FOR THE
STORAGE OF WATER AND OTHER
AQUEOUS LIQUIDS

FOREWORD

This Code was originally prepared by a Committee
convened by the Institution of Civil Engineers who
published the first edition in 1938. Supplement 1,
* Requirements ol bituminous jointing materials ’, was
added in 1949, and in 1930 a further supplement,
* Memorandum on the use of prestressed concrete °, was
incorporated in a revised edition.

The new version of the Code has been prepared by
a Drafting Committee convened by the Institution of
Civil Engineers, who reported the nced for revision,
on behalf of the Council for Codes of Practice. The
Supplement on the ‘Use ol prestressed concrele’
has now been incorporated in the Code, whilst that on
* Requirements of bituminous jointing materials’ has
been extended and now takes the form of an Appendix.

The Code will be revised as and when found
necessary.

Published March, 1960,

The mozos.m:m B.S.L refcrences celate to work on this Code_of
Practice: Committee refereace CVCP/T.
Draft for comment CX(CVCP) 7507.
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+ In course of preparation. This is a revision of Civil Engineering Code No. 5, Drainage
crage).
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This Code belongs to the Civil Engineering Codes of Practice
series, which includes the following:

2. Earth retaining structures (convening and pub-
lishing institution: The Institution of Structural
Engineers).

4. Foundations(convening and publishing institution:
The Institution of Civil Engineers).

This series also includes the following, published by the

British Standards Institution:

CP 2001 Site investigations (convening institution: The
Institution of Civil Engincers).

CP2003 Earthworks (convening institution: The Institution
of Civil Engineers).

CP 2005* Sewerage.

CP 2006 Traffic-bearing structures—pavings {(convening in-
stitution: The Institution of Civil Engineers).

In addition to the above, this Code makes reference to the
following British Standards and British Standard Codes
of Practice:

CP  1i4 Structural use of reinforced concrste in buildings.

CP 115 Structural use of prestressed concrete in buildings.

BS. 12 Portland cement.

B.S. 146 Portiand-blastfurnace cement.

B.S. 785 Rolled steel bars and hard-drawn stecl wire for

.- —-- concrete reinforcement.

B.S. 812 Methods for the sampling and testing of mineral
agpregates, sands and fillers.

B.S. 882 Concrete aggregates from natural sources.

B.S. 1047 Air-cooled blastfurnace slag coarse aggregate for
concrete.

B.S. 1i44 Cold-twisted steel bars for concrete reinforcement.

B.S. 1221 Steel fabric for concrete reinforcement.

B.5. 1881 Methods of testing concrete.

B.S. 2691 Steel for prestressed concrete.

B.S. 3148 Tests for water for inaking concrete.
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This Code of Praciice reyuesents a standard of good practice and
tokes the form of recommendations, Compliance with it does uot
confer imaunity frowm relevant legal requirements, including byelaws.

Attention is drawn, however, to the fact that in certain byelaws,
notably those building byclaws based upon one of the models issued
by the Ministry of Housing and Local Government and the Depart-
ment of Health for Scotlind, compliance with the provisions of
cortain Byitish Standards or Britizh Standard Codes of Praclice,
or of specific clauses therein, is © deemed to satisfy ’ the requirements
of cortain of the byelaws in the field covered by the British Stundards
or Codss of Practice, or by the-specific clauses reforred .
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BRITISH STANDARD CODE OF PRACTICE FOR
THE DESIGN AND CONSTRUCTION OF
REINFORCED AND PRESTRESSED

CONCRETE STRUCTURES
FOR THE STORAGE OF WATER AND OTHER AQUEOUS LIQUIDS

SECTION ONE : GENERAL

101, Scope. In the preparation of this Code consideration has been given
mainly to the storage of water. The recommendations, however, are generally
applicable to the storage at normal temperatures of agueous liquids and
solutions which have no detrimental action on the concrete. Structures for the
storage of hot liquids are referred to only briefly and need special treatment.
The imperviousness of concrete to liquids of low viscosity and high penetrating
power {e.g. petrol), the special problems of shrinkage which may arisc in the
storage of non-aqueous liquids, and the measures necessary where chemical
attack is possible, are not dealt with.

For convenience liquid-retaining structures are referred to as reservoirs and
tanks and the Code is intended to apply to all normal designs and construction.
Reinforced concrete agueducts and other structures for the conveyance of
liquids are not included. No general rules can De laid down which will be univer-
sally applicable, and the design of structures of special forms or in nousual
circumstances must be lett to the judgment of the engineer.

It has been zssumed in drafting this Code that the design of reinforced and
prestressed concrete Ieservoirs is entrusted to chartered civil or structural
engineers, qualified in reinforced and prestressed concrete, for whose guidance
it has been prepared and that the execution of the work is carried out under the
direction of a qualified supervisor.

All requirements of Code CP 114, ‘ The structural use of reinforced concrete
in buildings *, and Code CP 115, ‘ The structurat use of prestressed concrete in
buildings * shall be deemed to form part of this Code except where over-ruled
by the requirements of this Code.

102. Special Considerations, a. Unlined reservoirs. (i) Imperviousness. The
permeability of any uniform thoroughly compacted concrete of given mix
proportions is very largely dependent on its water/cement ratio. While an
increase in this ratio would lead to an increase in the inherent permeability,
the consequences of reducing the water/fcement ratio of a mix with a given
cement content, i.e. failure to achieve complete compaction of the drier mix,
are likely to be much more serious. For a given mix made with particular
materials there is a lower limit to the waterfcement ratio which can be used
economically on any one job. Tt is essentiai to select a richness of mix compatible
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with the available aggregates, whose particle shape and grading have an
important bearing on the workability which must be suited to the means of
compaction selected. It is very desirable that efficient vibrating equipment is
crployed for compacting the concrete. In practice, it is usually convenient,
particularly when dealing with thin conpested reinforced sections, to specify
a cement content sufficiently high to ensure that thorough compaction is in
fact obtainable with the means available whilst maintaining a sufficiently low
water/cement ratio. In thicker sections, where a reduction in cement content
might be desirable to restrict the temperature rise due to cement hydration,
a iower cement content is usually permissible, partly because the overall
permeability of the section is reduced Ly the greater thickness and partly because
less congested conditions may permit thorough compaction of a somewhat
drier mix.

While proper attention must be paid to achieving a mix of inherently low
permenbility it must be recognised that the common and morc serious causes
of leakage in practice, other than cracking discussed in Clause 102a (ii), are
defects such as segregation and honeycombing and in particular alt joints are
a potential source of leakage.

The [undamental requirement for a uniform and fully-compacted mix of
low water/cement ratio is not avoided by thc use of additives to the mix. The
value of many of the more satisfactory of these materials lies largely in the
improvement in the workability ard coherence of the mix which is ebtainable.
Matcrials of this type may be variously described as workability aids, plasticisers,
waler-reducing agents, air-cntraining agents, etc.; the amount added to each
batch of concrete, and the mixing time, requires careful control. Before
permitling the use of addilives, the Engineer should satisfy himself that
advantage is to be gained from their use.

No general provision has been included in the Code for performing percola-
tion or permeability tests on concrete specimens. The reasons for this omission
are twofold, Firstly, it is difficult to perform such tests with results truly
representative of the watertightness of the structures. Secondly, it is a matter
of experience that, provided the water content is restricted as described above,
the mixes specitied in Clause 205 ¢ will, if {ully compacted, give a degree of
impermeability adequate for all ordinary purposes. In special circumstances or
where other mixes are adopted, such as are permitted by Clanse 205 b, the
Engineer should satisfy himself, e.g. by a percolation test, that an adequate
degree of impermeability is obtainable.

(i) Control of cracking. Cracking may result from excessive tensile stress
in the concrete duc to applied loading, to temperature change, to drying
shrinkage or to settlement, the various causes acting either singly or in
combination. Accidental initial cracking may also rcsult from premature
removal of formwork. (See Clause 408 ¢.)

8
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In the case of applied loading, regard must be paid not only to the possibility
of the more obvious type of cracking much of which is attributable to excessive
loading, but also to the fincly distributed cracking in the concrete which in
sormal reinforeed concrete design necessarily accompanies high tensile stresses
in the steel,

The design of reservoirs, other than those of prestressed concrete, requires
1o be based on twe considerations. First, design should be based on the
avoidance of cracking in the concrete having regard to its tensile strength.
The permissible tensile stress in the concrete used in this calculation will
provide a much smaller margin of safety against cracking than the margin
against structural failure, but this is acceptable since the consequences of
cracking are usually much less serious than those of structural failure. In the
case of tensile bending stresses in members 9 inches or more in thickness, it is
assumed that fine cracking on the faces remote from the stored liquid has no
greater significance than in normal reinforced concrete design and that the
ordinary rules of design may be applied with the corresponding higher per-
missible tensile stresses in the steel. In thinner slabs, and in cases of direct
tension, cracking on the outside face is regarded as undesirable and both
faces should be designed as water-retaining faces.

Secondly, design should be in accordance with the usual principles of normal
reinforced concrete design, i.e. ignoring the tensile strength of the concrete,
to ensure that the structure js safe against failure even if the concrete does crack.
In this analysis (and except as noted above) the permissible tensile stress in
the steel should be lower than that used in normal reinforced concrete design
in order o limit, to some extent, the widths of the cracks in the concrete.
Since the modulus of elasticity is generally similar for different steels and the
permissible stress in the steel is determined by the tensile strength of the
concrete, steels with a high yield point have no advantage over ordinary mild
steel where cracking in the concrete is to be completely avoided. The use of
deformed bars may lead to a more diffuse distribution of cracks, each of smaller
average width, should cracking oceur.

At slow rates of loading, the margin of safety against cracking may be in-
creased by the occurrence of creep. It is regarded as desirable, therefore, that
the reservoir should be filled slowly, a procedure which is usually adopted.
This procedure also has the advantage that re-saturation of the concrete before
it is fully loaded will reduce the contribution which drying shrinkage might make
to the formation of cracks.

The effects of temperature change and of drying shrinkage arc Important
in determining the cccurrence of cracking and usually necessitate the adoption
of special measures such as the provision of movement joints. These important
questions are discussed more fully in the Appendix. It is emphazised hete,

however, that it is very desirable to restrict as far as possible the range of -
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temperature and moisture changes to which the conerete is subjected and the
recommendations with regard to joints are based on the assumption that this
is done. In particular, it is desirable to restrict the drying of the concrete during
the construction period and during any subsequent period during which the
reservoir may stand empty. The effect of short-term, €.g. daily, temperature
variations can be reduced to some cxtent by insulation although effective
insulation against long-term or scasonal variations is usuaily only obtainable
in underground structures. The heating cflects of direct sunshine, e.g. on roofs,
can be reduced by shading or by the use of white reflective treatments.

The recommendations with regard to joints are also based on the assumption
that restraints on the expansion ot contraction of the structure are minimized,
e.g. by the provision of a suitable sliding layer. (See Clausc 410.)

Where reservoirs are used for the reception or storage of hot liquids allowznce
should be made for the additional stresses produced by the difference in tem-
peraturc between the inside and outside of the reservoir. The severity of the
temperature gradient through the concrete can sometimes be reduced by interr.al
insulation.

(iii) Corrosion. The type of liquid to be stored should be considered in
relation to the possibility of corrosion of the stecl or attack on the concrete.
With corrosive waters, ¢.g. certain natural waters, it may be advantageous to

increase the cement content of the mix, and an increased cover to the steel
may also be desirable. Consideration might also be given to the usc of special
cements, such as sulphate-resisting cements or high alumina cement. Where
attack is likely to be appreciable the provision cf an impermeable protective
lining should be considered.

b. Lined reservoirs, Where reservoirs are protected with an internal im-
permeable lining, the requirement that alf cracking of the concrete be avoided
should be retained unless the Engincer is satisficd that the lining has adequate
crack-bridging propertics.

SECTION TWO : MATERIALS
201. Cement. The cement used should be one of the following:
@. Portland cement complying with the requirements of B.S5.12,

* Portland cement (ordinary and rapid-hardening) ",

b. Portland blastfurnace cement complying with the requirements of

B.S. 146, * Portland-biastfurnace cement .

Other cements, such as low heat, high-alumina, and mcﬂwrﬂ?nﬂwzum
cements, may be desirable in certain circumstances but they should onty be used
with the Engineer's approval.

While high-alumina cement offers several advantages, its use presents
special problems and detailed consideration of its use has been regarded as
outside the scope of the present Code. S
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202. Aggregates. a. Permissible maierials. The aggregates should be one of the
following:
(i) Coarse and fine aggregates complying with the requirements of
B.S. 882, * Coarse and fine agg.cgates from natural sources for concrete’,
and having an absorption, as measured in accordance with B.S. 812, Part 4,
not greater than 2 per cent.
(ii) Blastfurnace slag aggregate complying with the requirements of
B.S. 1047, © Air-cooled blastfurnace slag’.
(iii) Such other types of aggregates as may be suitable, having regard to
their strength, durability, and freedom from harmful properties.

b. Grading.

(i) ‘The grading should be such as to produce a concrete with the specified
proportions and consistency and one that will work readily into position
without segregation and without the use of an excessive water content and
can be readily compacted into a dense impervious mass.

(i) Finc aggregate should be in accordance with Table 2 of B.S. B&2
(all zones).

(iii) "The maximum size of coarse aggregate should be as large as possible
but in no case greater than one-quarter of the minimum thickness of the
member, provided that the concrete can be placed without difficulty so as
to surround all reinforcement thoroughly and to fill the comers of the
formwork. (See also Clause 307 ¢.)

203, Water. The water should comply with the requirements of B.S. 3148,
“Tests for water for making concrete ",

204, Steel. a. Quality of steel for reinforced concrete. The reinforcement should
be one of the following: :

Qv Cold twisted steel bars complying with the requirements of B.S. 1144,
* Cold twisted steel bars for concrete reinforcement *. .

(iif) Steel fabric complying with the requirements of B.S, 1221, “ Steel
fabric for conerete reinforcement’.

(iv) Such other reinforcement as may be suitable having regard to the
yield stress, ductility, tensile strength and ciher essential propertics.

b. Quality of presiressing steel. The prestressing steel should be one of the
following:

11
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(i) Plain hard-drawn steel wire complying with the requirements of
B.S. 2691, * Steel for prestressed concrete ’, Part 1, * Plain hard-drawn steel
wire "

Gi) Indented or crimped hard-drawn steel wire complying with the
requirements of B.S. 2691 in all respects except that for bend test.

(iii) High tensile steel bars of open hearth steel with sulphur and
phosphorus contents cach not greater than 0+03 per cent.

Bars should have a tensile strength not less than 60 tons per sq in with
a 0:2 per cent proel stress of not less than 75 per cent nor more than 92 per
cent of the actual vhimale strength.

{iv) Such other wires, strand or bars having properties not inferior to
those laid down in B.S. 2691 or sub-clause (ii) above.

e. Welding. Welding, if used, should be in accordance with the appropriate
British Standards.
Welding is of two kinds:
(i) Tack or ﬁcmmmonu_ welding between rods crossing more or less at
right angles so as to fix them in position.

(i) Butt welding between the ends of rcds in line whereby stress is
transferred across the section.

In the case of (i) no special precautions in regard to stress are needed.

In the case of (ii) it is recommended that at present this should only be
allowed for mild steel. For rods of mild steel which have their strength increased
by cold working, butt welding may be permitted, but the stress at the weld
should be limited to that appropriate to mild steel, and the additional strength
obtained by cold working should be jgnored at and near the weld.

Welding of prestressing stecl is not permissible owing to the consequential
weakening.

205. Concrete proportions and strength requirements. a. General. The concrete
proportions should be such as te produce a concrete, from the materials
available, which:
(i) is sufficiently impervious to water. (See Clause 1024 (i} );
(i} has a compressive strength in conformity with the requirements of
sub-clause b or ¢ below;
and (i) has a workability which will ensure that, with the means available,
it can be satisfactorily placed in the formwork and compacted
witheut risk of segregaiion, honcycombing or bleeding.

b. Desian of mix (special concrere mixes). The concrete mix should be specially
designed to comply with a specified works cube strength at 28 days (o) and to
fulfil the other requirements of sub-clause a.

12
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For ordinary or rapid-hardening Portland cemenl concrete or Portland
blastfurnace cement concrete, the nux should contain not less than 580 lb nor
more than 900 Ib of cement per cubic yard of finished concrete.

In order to allov- for unavoidable variations in the strength, the mix should
be designed to have a mean strength that is greater than the specified work
cube strength by a margin governed by the standard of quality control to be
adopted. Two methods of quality control are envisaged (sce Ciause 403),
which are designated respectively as the normal method of quality control and
the special method of quality control. The special method will only be applicable
when the volume of concrete warrants if.

The normal method of quality control is based on the requirement that
the works cube strength of concrete obtained from cubes made during the
concreting operacicas s7. ; "I nul be less than the specified works cube strength
(see Clause 403 J* For *hus method of control, the mix should be designed to
have u mean strength which excceds the specified works cube strength by a
margin of 2000 1b/sq in. Where it can be shown to the satisfaction of the
Engineer that the standard of acceplance for works cube strength can be
maintained with a smaller margin, the mix may be redesigned using the reduced
margin, which should not be less than 1500 lb/sq in.

The special method of quality controf is based on the maintenance of a
mean concrete sirength and on the limitation of standard deviation of cube
strength during the concreting operations (sce Clause 403 £). The method is
used in order to provide for higher standards than those obtained with the
normal method of quality control and should not be used where the standard
deviation is likely to exceed 750 Ib/sq in. For this method of control, the mix
should be designed to have a mean strenglh which exceeds the specified works
cube strength by twice the expected standard deviation.

¢. Use of nominal mixes. Notwithstanding the recommendations in b above,
it is recognized that for ordinary reinforced concrete work it may be preferred
in some instances, to use nominal mixes. In such circumstances the proportion
should be 112 1b cement :2 cu [t dry fine aggregate :4 cu ft dry coarse
agarcgale, cxcept in thick sections (as defined in Clause 308) when the cement
content may be reduced by increasing the apgregate proportions (per 112 ib
of cement) 10 2% cu ft and 5 cu ft respectively.

These nominal mixes will be referred to in ihis Code as 1:1-6 :32 and
1 : 2 : 4 respectively. ,

When a denser or more workable concrete can be produced by the variation
in the ratio of the volumes of coarse and fine aggregates, this ratio may be
varied between 134 to 1 and 3 to 1 provided the sum of the volumes of the
coarse and fine aggregates is unchanged. The strength requirements to be
satisfied for these nominal mixes are given in Table 1.
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