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PD 6151

Amendment No. 2, published 25 May, 1967

to CP 114: 1957
The structural use of reinforced concrete in buildings

Revision

Clause 316. Resistance to shear. Subclause a. General. (As amended by
PD 5463.) Delete this subclause and substitute the following:

‘a. General.
(i) The shear stress, g, at any cross-section in a reinforced concrete beam
or slab should be calculated from the following equation:

= a3

where Qis the total shearing force across the section;
b is the breadth of a rectangular beam which for a T-beam or
L-beam should be replaced by the breadth of the rib b;;
lp is the arm of the resistance moment appropriate to the
method of design being used.

(ii) Where at any cross-section the shear stress, g, as calculated from
equation (13) above, exceeds the permissible shear stress pq for the
concrete, the whole shearing force at that cross-section should be
provided for by the tensile resistance of the shear reinforcement
acting in proper combination with the compression in the concrete.
Moreover, even with the whole shearing force so provided for, the
shear stress g as calculated from equation (13) above should not
exceed four times the permissible shear stress pq for the concrete.

(iii) Where at any cross-section the shear stress g as calculated from equa-
tion (13) above, is less than the permissible shear stress pg, for the
concrete, nominal shear reinforcement should be provided at that
cross-section. Neither the longitudinal spacing nor the lateral spacing
of the vertical legs of the nominal shear reinforcement should exceed
a distance equal to the arm of the resistance moment. The cross-
sectional area of the nominal shear reinforcement at any particular
section of a member should be not less than 0-15 per cent (0-12 per
cent for high-yield steel) of the horizontal area of the concrete at that

section, calculated on an assumed breadth of beam or rib equal to bl—?—.
q
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(iv) Nominal shear reinforcement need not be provided in slabs, footings,
bases, pile-caps and members of minor importance provided that, at
# every cross-section, the shear stress g, as calculated from equation (13)
above, is less than the permissible shear stress pq for the concrete. A
conservative approach should, however, be used when calculating the
resistance to shear of members without ‘any shear reinforcement, as
recent research has indicated that, in some c1rcurnstances, the margin
-of safety may be lower than desirable.’. -
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Amendment Slip No.3, published 31 August, 1973
toCP 114 : 1957

The structural use of reinforced concrete in buildings

NOTE. This amendment provides guidance on design for stability of present construction
with particular reference to precast concrete framed construction. Although this
amendment bears a later date than CP 110, ‘The structural use of concrete’, it should not
be assumed that the clauses are in any way a later version than the stability clauses in

CP 110.

Revised text

Title. Insert ‘Part 1’ in the CP number and add ‘Part 1. Imperial units’ to the
title so that it reads ‘CP 114 : Part 1 : 1957, The structural use of reinforced
concrete in buildings, Part 1. Imperial units’ wherever it occurs.

Contents. Add the following immediately after Subsection 3K : Resistance to
chemical attack.

SUBSECTION 3L: STABILITY

353. Stability
354. Ties

Clause 301. Basis of design
Add the following at the end of the clause:

‘Stability. The structure should be designed to support loads caused by
normal function, but there should be a reasonable probability that it will not
collapse catastrophically under the effect of misuse or accident. The layout of
the structure on plan, and the interaction between the structural members,
should be such as to ensure a robust and stable design. No structure can be
expected to be resistant to the excessive loads or forces that could arise due
to an extreme cause, but it should not be damaged to an extent
disproportionate to the original cause.

In addition, due to the nature of a particular occupancy or use of a
structure (e.g. flour mill, chemical plant, etc.), it may be necessary in the

Gr1
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«.sign cone >t or a design reappraisal to consider the effect of a particular
hazard and to ensure that, in the event of an accident, there is an acceptable
probability of the structure remaining after the event, even if in a damaged
condition.

The recommendations given in Clause 354 on tying the structure together,
and on the plan form of the building, aim at enabling the structure to
accommodate a limited amount of accidental loading which may occur as a
result of causes such as construction loading, differential settlement of the
supports, thermal movements, explosions, accidental impact etc., which are
not defined as normal loading. These accidental loadings may produce local
damage, but the recommendations have as their objective the limitation of the
extent of such damage.’

New subsection. Add the following after Clause 352.

SUBSECTION 3L: STABILITY
353. Stability.

a. General. The overall stability of the building including the stability
during the period of construction should be considered in the design.

b. Plan form. The choice of plan form is a most important consideration
for ensuring stability and, as far as practicable, the various elements of a
building should be arranged in such a way as to reduce the effect of any local
accident.

c. Vehicle impact. The provision of bollards, walls retaining earth banks,
etc., should be considered to obviate the possibility of vehicles running into
and damaging or removing vital loadbearing members of the structure in the
ground floor.

354. Ties.

a. General. The recommendations of this Clause may be considered to
satisfy the general stability requirement that in addition to safely supporting
all appropriate dead, imposed and wind loads, buildings should be designed
and constructed so that if any one structural member (other than one
purposely designed to resist initial damage) were considered to have been
removed, the consequent structural failure would affect only a small part of
the building.

b. Interaction of members in the horizontal plane. To ensure a degree of
interaction between members in the horizontal plane, every building should
be provided with ties in accordance with c., d. and e. below. In general, these
ties can be provided by effectively connecting together part of the reinforce-
ment provided in the members to support loads caused by normal function.

2
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,It"mjly be assumed, when calculating the area of the tie required, that the tie
has only to resist the stated horizontal force and that the steel is otherwise
unstressed.

The ties should be so placed as to provide the best assistance in resisting by
cantilever, catenary or other action, the possible results of accidental damage
to a part of the building. At re-entrant corners, or at substantial changes in
construction, care should be taken to ensure that the ties are adequately
anchored into the adjacent floor or otherwise made effective.

c. Peripheral tie. At each floor and roof level an effectively uninterrupted
peripheral tie should be provided located within 4 ft of the edge of the
building or perimeter wall. This tie should be capable of resisting a horizontal
tensile force of 9000 Ibf without exceeding the permissible stress in the steel.

d. Internal ties. In addition to the peripheral tie, internal ties should be
provided at each floor level in two directions approximately at right angles.
The internal ties should be effectively uninterrupted throughout their length
and should, unless they continue as column or wall ties (e. below), be
anchored to the peripheral tie at both ends. Provided that the beam or floor
spans do not exceed 17 ft and the gross weight of the floor construction and
imposed loads does not exceed 150 1bf/ft2, the ties in each direction should
be capable of resisting a horizontal tensile force of 1700 1bf/ft width without
exceeding the permissible stress in the steel. For construction involving
greater beam or floor spans, and/or supporting greater gross weights, the ties
should be proportionately larger; the span to be considered for this purpose
may, however, be limited to five times the clear storey height under the beam
or slab.

Part or all of the internal ties may be spread evenly over the width of the
structure or may be grouped at beams, walls or other appropriate intervals.
The ties may be in the floor slab, in beams, or in walls: where they are in
walls they should be located within 1-5 ft of the top or bottom of the floor
slab.

e. Horizontal column and wall ties. All external load bearing vertical
members should be anchored or tied horizontally into the structure at each
floor level with a tie capable of resisting, without exceeding the permissible
stress in the steel, a horizontal force equal to the greater of:

(1) 5600 Ibf for each column, or 1700 1bf per foot length of loadbearing

wall; or

(2) 3 % of the total vertical load in the column or wall at floor level.

The figures given in (1) relate to a floor to ceiling height not exceeding
8 ft and should be increased in proportion for greater heights; the increase
may, however, be limited to 100 %.
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corner columns should be tied into the structure at each floor level in each
of twe directions approximately at right angles, with ties capable of resisting a
force equal to the greater of (1) or (2) above. Column and wall ties may be
partly or wholly the same reinforcement as that provided for the peripheral or
internal ties. Column and wall ties should not rely solely on the bond of a
straight bar for their anchorage at either end. Bars should be bent or hooked
so as to provide the required anchorage in bearing on sound concrete unless
welded or mechanically anchored to the main reinforcement.

J. Vertical column and wall ties. Vertical ties should be provided in all
columns and walls. The area of these ties should be at least equal to the
minima given in Clauses 321 and 339 for their main reinforcement as
reinforced concrete members. Each tie should be effectively uninterrupted
from foundation to roof level.
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CP 114 : 1957

THE STRUCTURAL USE OF REINFORCED
CONCRETE IN BUILDINGS

This Code was revised by a Committee originally convened
by the Institution of Structural Engineers on behalf of the
former Council for Codes of Practice for Buildings. The
revised Code, having been approved by the Codes of Practice
Committee for Buildings, was published by the British
Standards Institution under the authority of the Council for
Codes of Practice.

The present reprint (February, 1965) incorporates the
amendment issued in February, 1965.

First published, April, 1948.

First revision, June, 1957.

Reset and reprinted, February, 1965.

This Code of Practice makes reference to the following
British Standards and British Standard Codes of Practice:

B.S.12.  Portland cement (ordinary and rapid hardening).

B.S. 146.  Portland-blastfurnace cement.

B.S. 449. The use of structural steel in building.

B.S. 476.  Fire tests on building materials and structures.

B.S. 648.  Schedule of weights of building materials.

B.S. 693. General requirements for oxy-acetylene welding
of mild steel.

B.S. 785. Rolled steel bars and hard drawn steel wire for
concrete reinforcement.

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

B.S. 877. Foamed blastfurnace slag for concrete aggregate.

B.S. 882.  Concrete aggregates from natural sources.

B.S.915. High alumina cement.

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

B.S. 1144, Cold twisted steel bars for concrete reinforce-
ment.

B.S. 1190. Hollow clay building blocks.

B.S. 1200. Building sands from natural sources.

B.S. 1221. Steel fabric for the reinforcement of concrete.

B.S. 1370. Low heat Portland cement.

B.S. 1478. Bending dimensions of bars for concrete rein-
forcement.

2
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B.S. 1856. General requirements for the metal-arc welding
of mild steel.

B.S. 1881. Methods of testing concrete.

B.S. 3148. Tests for water for making concrete.

CP 3, Chapter V. Loading.

CP 111.  Structural recommendations for load-bearing
walls.

CP 116.  Structural use of precast concrete.

CP 231.  Painting.

British Standard Codes of Practice are revised, when necessary,
by the issue either of amendment slips or of revised editions. It
is important that users ascertain that they are in possession of
the latest amendments or editions.

The following B.S.I. references relate to the work on this Code of

Practice:
Committee reference BLCP/7
Draft for comment CW(BLCP) 2060
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CONTENTS—(continued) ! FOREWORD
Page
3. Diagram showing the load carried by supporting ; This Code of Practice was first issued in 1948 and has now been revised and
- beams 50 brought up-to-date. In the revision, the former Sub-codes 114.101 to !l4.10ft,
4. Effective width of solid slab carrying a concen- * Suspended concrete floors and roofs’, have been merged into this main
trated load near an unsupported edge 53 code.
5. Ciritical sections for shearing stresses in flat slabs 63 The new Code incorporates some important changes and developments
6. Division of flat slab panels into column and middle which should lead to increased economy and liberty in design.
strips 65 i The Committee has considered a very large volume of evidence relating
7. Loading on stairs with open wells 73 to the strength of both steel and concrete and has raised permissible stresses
8. Loading on stairs built into walls 74 ; wherever this can safely be done.
9. Effective span for stairs supported at each end by Due recognition has been given to the advantages gained by ir.nproved
landings spanning parallel with the risers 74 control and techniques in the making of concrete. The design of mixes to a

specified strength requirement is now permissible, whilst, with nominal mixes,
somewhat higher permissible stresses are allowed where the cube strength
requirements for the particular mix are consistently exceeded.

An important modification in the clauses dealing with the design of beams,
slabs and eccentrically loaded columns has now been introduced. Calculations
for these on a load-factor basis are now permitted. General formule applicable
to any type of steel are given. The use of this method can result in some reduc-
tion in the size of members.

This Code of Practice represents a standard of good practice and
therefore takes the form of recommendations. Compliance with it
does not confer immunity from relevant legal requirements, including
byelaws. }

Attention is however drawn to the fact that in certain byelaws,
notably those building byelaws based upon one of the models issued
for England and Wales and for Northern Ireland, and in the Scottish
Building Regulations, compliance with the provisions of certain
British Standards or British Standard Codes of Practice, or of
specific clauses therein, is ¢ deemed to satisfy *> the requirements of
certain of the byelaws in the fields covered by the British Standards
and Codes of Practice, or by the specific clauses referred to.
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BRITISH STANDARD CODE OF PRACTICE CP 114 : 1957
THE STRUCTURAL USE OF REINFORCED
CONCRETE IN BUILDINGS

SECTION ONE: GENERAL

101. Scope. This Code deals with the structural use of reinforced concrete in
buildings. It is a revision of Code of Practice CP 114 (1948).

In the revision, Sub-Codes CP 114.100-114.104 (1951), ¢ Suspended concrete
floors and roofs *, have been merged into this code. Sub-Code 114.105, * Filler
joist construction’, has not been included since this form of construction is
dealt with in B.S. 449, * The use of structural steel in building *.

The Code does not deal with prestressed concrete or with recommendations
for the manufacture of precast factory-made reinforced concrete units. Other
reinforced concrete constructions of a specialized character, such as water-
retaining structures, are not included.

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

NOTE. In place of the customary, but incorrect, use of the pound as a unit of force, the
unit called a pound-force (abbreviation 1bf) has been used in this Code. It is that force which,

when acting on a body of mass one pound, gives it an acceleration equal to that of standard
gravity.

10Z. Definitions. For the purposes of this Code the following definitions apply:

Bands Diagonal band. A band of reinforcing bars parallel to a
diagonal of a flat slab panel which is reinforced in four
directions (i.e. edgewise and diagonally).

Direct band. A band of 1einforcing bars parallel to an edge
of a flat slab panel which is reinforced in four directions
(i.e. edgewise and diagonally).

Column head An enlargement of the top of a column supporting a flat slab
so designed and constructed as to act monolithically with
both the column and the flat slab.

Columns, long  Columns having a ratio of effective column length, as given
in Table 19, to least lateral dimension greater than 15.

Columns, short ~ Columns having a ratio of effective column length, as given
in Table 19, to least lateral dimension not exceeding 15.
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Core of helically The portion of the concrete enclosed within the centre line
reinforced column of the helical reinforcement.

Drop The portion of a flat slab above and immediately surrounding
the column head and of greater thickness than the remainder
of the flat slab panel.

Effective area of The area obtained by multiplying the normal cross-sectional
reinforcement in  area of the reinforcement by the cosine of the angle at which
the diagonal bands the band is inclined to the direction for which its effectiveness
of flat slabs is required.

Effective depth of The distance between the centre of tension and the edge of
a beam or slab  the compression section.

Effective span The lesser of the two following distances:

(D) the distance between centres of bearings.
(ii) the clear distance between supports plus the effective
depth of the beam or slab.

Exterior panel A panel having at least one edge which is non-continuous.
in a flar slab

Flat slab A reinforced concrete slab with or without drops, supported,
generally without beams, by columns with or without flared
column heads. :

Slender beams ~ Beams whose length between lateral restraints exceeds thirty
times the breadth of their compression flange.

103. Symbols. The symbols used in this Code are as follows:

Ay, = equivalent area of helical reinforcement (volume of helix per unit
length of column).

A, = cross-sectional area of concrete, excluding any finishing material
and reinforcing steel.

Ay = cross-sectional area of concrete in column core, excluding area of
longitudinal reinforcement.

Ao = cross-sectional area of steel in compression.

A, = cross-sectional area of steel in tension.

Ay = cross-sectional area of stirrup.

b = breadth of a rectangular beam or breadth of flange of a T-beam
or L-beam.

b, = breadth of the rib of a T-beam or L-beam.

D = diameter generally.

d = overall depth.

d, = effective depth to the tensile reinforcement in a beam.

d; = depth to the compressive reinforcement in a beam.
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dy = depth of concrete in compression in a beam.

ds = depth of slab forming the flange of a T-beam or L-beam.

e = eccentricity of a load on a column.

f, = guaranteed yield or proof stress.

K, = stiffness of beam.

Ky, = stiffness of beam on one side of a column.

Ky, = stiffness of beam on the opposite side of a column.

K, = stiffness of lower column.

K, = stiffness of upper column.

L =length of a column or beam between adequate lateral restraints
(in flat slabs, L is the average of L, and L,).

L, = (in flat slabs) length of panel in the direction of span.

L, = (in flat slabs) width of panel at right angles to direction of span.

! = effective span of beam or slab or effective height of column.
ls = lever arm of the resistance moment.

I = length of shorter side of slab spanning in two directions.

I; = length of longer side of slab spanning in two directions.

M = bending moment (suffixes as required).

Mg = bending moment at end of beam framing into a column, assuming
fixity at both ends of the beam.

Mes = the maximum difference between the moments at the ends of two
beams framing into opposite sides of a column, each calculated
on the assumption that the ends of the beams are fixed and that

one of the beams is not loaded.
M, = moment of resistance of a section to bending.
M; and

M, = maximum bending moments, for spans . and / respectively, on
strips of unit width in slabs spanning in two directions.
m = modular ratio.

o = sum of perimeters of the bars in the tensile reinforcement.
P = permissible load on a short column subject to both direct load
and bending.

P, =1load on a column as defined by equation 17.
P, = axial load permissible on a short column.
Poc = permissible stress in concrete in direct compression.
Pe = permissible compressive stress in concrete in bending.
Pso = permissible compressive stress in the reinforcement.
Pse = permissible tensile stress in the reinforcement.
Q = total shear across a section.
q = shear stress at a section of a beam or slab.
R = modulus of rupture.
s = spacing or pitch of stirrups.
14
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u = cube crushing strength of concrete.

u, = u for preliminary test.

uy = u for works test.

W = total load on beam or slab.

W4 = dead load.

W, = superimposed load.

w = total load per unit area of slab or per unit length of beam.

oy and

ay = bending moment coefficients for the short and long spans respec-
tively, for slabs spanning in two directions and simply supported
on four sides.

Bx and

B; = bending moment coefficients for the short and long spans respec-
tively, for rectangular panels supported on four sides and with
provision for torsion at corners.

SECTION TWO: MATERIALS, APPLIANCES
AND COMPONENTS

201. Cement. The cement used should be Portland cement, Portland-blast-
furnace cement or high alumina cement.

Portland cement should comply with B.S. 12, ‘ Portland cement (ordinary
and rapid-hardening) .

Portland-blastfurnace cement should comply with B.S. 146, ‘ Portland-
blastfurnace cement ’.

Low heat Portland cement should comply with B.S. 1370, ‘ Low heat
Portland cement ’. :

High alumina cement should comply with B.S. 915, ¢ High alumina cement *.

High alumina cement should not be mixed with either of the other kinds of
cement. It may be unsuitable for use with certain aggregates which may liberate
appreciable amounts of soluble alkalis or lime. The user can only be guided by
previous experience in determining whether it is suitable for use with such
aggregates.

High alumina cement concretes are sometimes unsatisfactory in warm moist
conditions. Special recommendations on their use are given in Appendix B.

Other cements, such as sulphate-resisting Portland and super-sulphated
slag cements, for which there are at present no British Standards, are desirable
in certain circumstances and may be used provided that any necessary modifi-
cations are made to the normal recommendations of this Code.
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202. Aggregates.

a. Permissible materials. The aggregates should consist of one of the
following:

1. fine and coarse aggregates complying with B.S. 882, ¢ Concrete aggregates
from natural sources’; in the case of fine aggregates, Zones 1-3 only
should be used for nominal mixes but Zone 4 may be suitable for designed
mixes;

2. air-cooled blastfurnace slag coarse aggregate complying with B.S. 1047,
¢ Air-cooled blastfurnace slag (coarse aggregate) ’;

3. foamed blastfurnace slag complying with B.S. 877, ‘Foamed blastfurnace
slag for concrete aggregate ’, provided that the grading is suitable for
reinforced concrete; or

4. fine and coarse expanded clay, slate, shale or slag and sintered pulverized
fuel ash, and other types of aggregate for which there is no British Stan-
dard, provided that such materials are suitable for reinforced concrete
having regard to the properties of concrete made with these aggregates,
such as strength, density, shrinkage and durability.

b. Grading. The grading of the aggregates should be such as to produce a
concrete of the specified proportions which will work readily into position with-
out segregation and without the use of an excessive water content. The grading
should be controlled throughout the work so that it conforms closely to that
used for the preliminary tests.

203. Maximunm size of coarse aggregates. The maximum size of coarse aggregate
should be as large as possible, within the limit specified in the appropriate
British Standard as given in Subclause 2024, 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 corners of the formwork. (See also Clause 308.)

For heavily reinforced concrete members, e.g. the ribs of main beams, the
nominal maximum size of the aggregate should usually be restricted to 3 in
less than the minimum lateral distance between the main bars, or 14 in less
than the minimum cover to the reinforcement, whichever is the smaller.

Where, however, as in solid slabs, the reinforcement is widely spaced, limita-
tion of the size of aggregate is not so important and the nominal maximum
size may sometimes be as great as, or greater than, the minimum cover, except
where porous aggregates are used.

204. Sands for mortar. Where mortar is used in the construction of floors and
roofs, e.g. in the jointing of blocks, the fine aggregate for the mortar should
consist of one of the following:
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1. Natural sand or crushed natural stone sand complying with B.S. 1200,
‘Sands for mortar for plain and reinforced brickwork; block walling
and masonry ’.

2. Such other types of fine aggregate as may be suitable, having regard to
their strength, durability and freedom from harmful matter.

All fine aggregates should comply with the requirements for quality and
grading in B.S. 1200.

205. Water. The water should be clean and free from harmful matter. Attention
is drawn to B.S. 3148, * Tests for water for making concrete °.

206. Reinforcement.
a. General. The reinforcement should be one of the following:

1. rolled steel bars or hard drawn steel wire complying with B.S. 785, ¢ Rolled
steel bars and hard drawn steel wire for concrete reinforcement ’;

2. cold twisted steel bars complying with B.S. 1144,  Cold twisted steel bars
for concrete reinforcement

3. steel fabric complying with B.S. 1221, ¢ Steel fabric for the reinforcement
of concrete ’; or

4. such other reinforcement as may be suitable having regard to the yield
or proof stress, ductility, tensile strength and other essential properties.

b. Effective diameter of a bar. For the purposes of this Code, the effective
diameter of a bar should be calculated as follows: :

1. for a bar whose cross-sectional area is constant along the length, the
effective diameter is that of a circle having the same area as the cross-
section of the bar;

2. for a bar whose cross-sectional area varies along its length, the effective
diameter is that of a circle having an area equal to the least area of any
cross-section of the bar; an allowance, not exceeding 3 per cent, may
however be added to the least area of the cross-section on account of
any non-continuous ribs.

207. Concrete. Two methods of proportioning concrete mixes are permitted
by this Code. Nominal concrete mixes may be adopted in accordance with
Clause 208, where the quality control requirements for designed mixes are
impracticable, but the proportions should preferably be specified by weight and
correspond where appropriate with those of the standard mixes given in
Clause 209. On small jobs, however, where the concrete is mixed on the site
it is permissible to use volume batching of the aggregates for nominal mixes.
In general, it is preferable to design the concrete mix in accordance with
Clause 209 to produce a concrete having the desired strength. Where designed
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