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BRITISH STANDARD CODE OF PRACTICE

L CPll6: 1969 A

THE STRUCTURAL USE OF
PRECAST '?
'CONCRETE

Incorporating amendmernts to CP 116 issued .
‘May, 1967 (PD 6152) and February, 1969 (AMD 218)

Aonendimane Net, ) Segfewber 1973 (AMD 1239)

Mvnsvdanac No 2 BOPWW‘IQM' (AMD\SSO)

wandwaewt No.3, 31 March 1976 (&AM MD 9L\
endnoik No (6 24 Iul, 977  ChHn, 236 G,
NOTE. Thls amendment provides guidance on design for stability of precast constructlon
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 A
be assumed that the clauses are in any way-a later version than the stability clauses in

CP te . Over recent years considerable concern has been expressed following fallurj' ?E
| in concrete that have been attributed to a number of causes, mcludmg excess
s . concentrations of chlorides.
<% To guard against this, recommendations have been included covering the
" use of calcium chloride and the limits of chloride in concrete. These clauses
B: are a consensus view reached after considerable discussion within the
Committee. The limit on chloride content in aggregates (particularly those
from marine sources) is a matter for continuing research in the light of the
. present position in the UK with regard to aggregates.
; Amendment No. 4 covers the following items:

1. the use of admixtures containing chI -
‘of calcium chloride;

2. the level of chlorides in concrete;
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CP 116 W 1969 |
| THE STRUCTURAL USE OF PRECAST CONCRETE

This part- ef the Code of Practlce has been prepa.red by a-
Committee convened by the Codes of Practice Committee for .
Building. Having been endorsed by the Council for Codes of _
Practice, it was pubhshed under the authonty of the Executive
Board on 20th March, 1969 ; Lo

SBN: 580 05207 9 |
This part of the Code of Practlce tnakes reference to the .,

Rt

following British Standards and Bntlsh Standard Codes of .
Practice: g

BS.12.  Portland cement (ordmary and rapld hardemng) ;:-_i

- B.S,18.  Methods for tensile testing of metals o

" B.S. 146, Portland- blastfurnace cement. o
B.S. 410. Test sxeves :

Appllcation of statistical mcthods to mdustnal-_ ;‘f N
standardization and quality control. o
. Schedule of weights of building materials.

General requlrements for oxy-acetylene we‘dmg-\“ o

" of mild steel..

Methods for sampllng and testmg of mmeral.‘
aggregates, sands and fillers, h
Foamed blastfurnace slag for concrete aggregate
. . Concrete aggregates from natural'sources. - ... AL
. T0I4- Pigments for Portland-cement and Portland cement productS“"\
- BS.1047. Air-cooled blastfirnace slag coarse aggregate for - -
™ - concrete . -

B.S. 1200.

B.S. 1370.

B.S. 1881. Methods of testmg concrete,

B.S. 2691. Steel wire for prestressed concrete,

B.S. 2787. Glossary of terms for concrete and reinforced
concrete.
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B S. 3148,

B.S. 3626,
B.S. 3681.
. B.S. 3712,

B.S. 3763.

B.S. 3797.

CP 116 : PR 1969

Tests for water for makmg concrete. '

Recomrnendatlons for a system of tolerances and o
fits for building, ~ |
Methods for the sarnplmg and testmg of hght-k )
weight aggregates. for coricrete.” o
Methods of test for bu1ldmg mastics (other than -« ;.-
mastic asphalt) - - |
International system (SI) units. "‘-"-‘f’;i-- Lo
nghtwerght aggregates for conerete. "

cp 3, Chapter V. Loadmg

CP 111.

CP 2007.

i

- Structural recommendatlons'f for. load-bearmg S

walls. ‘ : s
Design and construction of reinforced and pre—q .
stressed concrete structures for the storage of
water and other aqueous hqulds. - L

British Standard Codes of Practice are revrsed when necessary, -
by the issue either of amendment slips or of rewsed editions. It

B.S. 4482
B.S. 4483
B.S. 4757
B.S. 5135
CP 110

B.S. 3892
B.S. 4027

B.S. 4248
B.S. 5075

 is important that users ascertain that they are in passessron of .
the latest amendments or edttzons. T

‘B.S. 3617
. B.S. 4449

" B.S. 4461
© B.S. 4466

u.._d‘-f.‘.- S RPN

Seven-wire steel strand for prestressed concrete

Hot rolled steel bars for the remforcement of concrete L
gt
Cold worked steel bais Tor’ the remforcement of concrete E

‘Bending dimensions and scrsedulmg of bars for the ‘remforce-.

ment of concrete. ,«, v 1;-

Hard drawn mild steel wrmfor the remfor..,ernent of concrete
Steel fabric for the remforL.,rnent of concrete

Nineteen-wire steel strand for prestressed concrete

Metai-arc welding of cuhon and-carbon manganese steels
The structural use, nf concrete,
Pulverized-fuel ash Tor use in concrete o
Sulphate-resisting Portland cement.r
Supersulphated cement:.
Concrete admixtures.’

(Q"‘:.

S
s
ot

The following B.S.I. ret‘erencci relatcs to thei'work on this Code of

Practice:

Committee reference BLCP/35
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This Code of Practice represents a standard of good practice and
takes the form of recommendations. Compliznce 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 Byclaws bascd upon one of the models issued
for England and Wales and for Northern Ireland, uind 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 {o satisfy? the requirements of
certain of the byelaws in the ficlds covered by the British Standards
and Codes of Practice, or by the specific clauses referred to.

12
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BRITISH STANDARD CODE OF PRACTICE cp 16 .

THE STRUCTURAL USE OF PRECAST
CONCRETE

This . Code of Practice has been prepared in accordance w1th the
change to the metric system in the Construction industry, giving values in terms
of SI units. For further information on SI units, reference should be made to

B.S. 3763 ¢ Internatzonal system (SI) umts ’ and PD 5686 The use of SI
Unll.S .

The values represent ‘the equwalents of the values in nnperlal umts in’ X _
. CP 116 1| Part | ; 1965, rounded to comvenient numbers. Although the v ‘values

are. not exact équivalents “of -the’ imperial ' ones, | ¢this is not a techmcal o
 Tevision, - .

Recent research followmg structural collapses in 1973 and 1974 has
considerably altered the understanding of the behaviour and sensitivity of
high alumina cement concrete. As a résult of both the research and the events
themselves there is not, at this time, the consensus of opinion necessary for
agreement on recommendations for the structural use of this material.
Section Seven of the 1969 issue of this Code has therefore been withdrawn
and the Code no longer covers the structural use of concrete made with high
alumina cement. Consequently, an engineer wishing to specify concrete made
with high alumina cement must rely entirely on his own engineering Judgement
without guidance from.this Code of Practice.

Attention is drawn to CP 110 ‘The structural use of concrete’ publlshed in
1972,

- However clauses from A
this Code must not be used wnth clauses from CP 1 10 in the same dessgn j S
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SECTION ONE: GENERAL
101, Scope. This Code deals with precast concrete and its use in structures. -
It includes structures which are partly precast-and partly cast in place, usually -
known as composite concrete construction, and also precast floors. o .

The recommendations given are not conf.aed to buildings, but include the
design, manufacture and construction of other types of structures. They are | .
complementary to those given in CP 114, ‘ The structural use of reinforced:
concrete in buildings °, and CP 115, ¢ The structural use of prestressed concrete

-+ in buildings’. The recommendations given in these, where applicable to the
standard of structural precast concrete envisaged, have been reviewed and brought
together in this Code with additional information and recommendations not
[previously published. The Code does not také account of the possibility of fatigue .
conditions arising from frequent fluctuations or alterations of stress. -~ =~ -

. . This Code does not .
give recommendations for the use of precast:concrete made with high alumina .
~ cement. : I | )
: The recommendations for stability given in this Code have been prepared o
- on the assumption that all the load bearing elements (e.g. stabs, columns, .
 walls etc.) are of concrete. In a building where concrete elements such as
- floor slabs, walls etc. are used in conjunction with load bearing elements
of other materials, the principles recommended for stability in Clause 359
- (inserted by AMD 1239 and amended by AMD 1924) remain appropriate.
However, the ties recommended in Clause 361 (inserted by AMD 1239)
as part of the means of satisfying the principles of Clause 359 will be '
required only when adequate stability is not provided by other means. '~

N
v
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. This Code deals with concrete made with cements specified in B.S. 12* A

- omd. B.S. 146t and aggregates specified in B.S. 832§ and B.S. 1047]|.

' Certam hghtwelght aggregates have also been included, the methods of test for
which are given in B.S. 36817, Provision has also been made for cements and
aggrepates . of British manufacture outside these standards, where. adequate
data are available. The use of mild steel bars, cold-worked steel bars, high-tensile

. steel bars, plain or. 1ndented or crrmped hard-drawn steel wire and strand has
. been considered. ‘ : ‘

- Where materials and methods are not covered by this Code, thJs is niot to be
regarded as discouraging their use, provided that the materials, - ‘methods of
design and construction are_such as to ensure a standard of strength and

 durability at least equal to that recommended in this Code. |

This Code does not deal with precast - concrete units for which: BI‘ltlSh
Standards already exist or with .precast concrete piles. Recommendations
for the design:and construction of reinforced and prestressed concrete
structures for the storage of water and other aqueous liquids are given in
CP 2007**,

It has been assumed in drafting the Code that the deSi‘gn‘ and manufacture
of the precast units shell be under the overail control of a chartered structural
or civil engineer, experxenced in concrete technology, hereinafter referred to as
‘the Engrneer for whose guidance it has been prepared. -

Structural precast concrete elements are partlcularly suitable for mcorpora-
tion in standard building systems. However, there is a danger that these standard
designs may be adapted for uses different from those for which they were
originally prepared and it is therefore imperative that where any alteration of a
standard design is contemplated, the strength and stability of the - structure
should be checked for the altered conditions. : X

This Code introduces a detailed method of statistical control to ensure that

the required quality of concrete is consrstently produoed and it includes methods

- of analysis which indicate when changes in the mix proportions are necessary.

The manufacture of units should be directly controlled by a competent super-

visor who has reached the standard of the City and Guilds of London Institute
Examination in Concrete Technology (Supervisory level). '

* B.S. 12, ‘Portland cement( ordinary and rapid-hardening) ’.
1+ B.S. 146, * Portland-blastfurnace cement’. ‘

§ B.S. 882, * Concrete aggregates from natural sources *.

I B.S. 1047, * Air-cooled blastfurnace slag coarse aggregate for concrete ’.

1 B.S. 3681, * Methods for the sampling and testing of lightweight aggregates for concrete *,
& CP 2007, * Design and construction of reinforced and prestressed concrete structures for
the storage of water and other aqueous liquids ’.

14
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102. Definitions. For the purposes of this Code the fo]lowmg deﬁrutlons as -
given in B.S, 2787*, apply with certain additions: . - y B

Core of helically reinforced column. The portion of the concrete enclosed; S

within the centre line of the helical reinforcement. . T
Effective depth of a beam or slab. The distancé between the centre of the .

tensile reinforcement and the extreme fibres i in compression. S
Long column. A column having a ratio of effective column length (as glven v

in Table 17, Subclause 321¢) to the least lateral dimension greater than 15, SR
Post-tensioning. A method of prestressmg in whmh tendons are tensmncd S \ ‘

after the concrete has hardened. . : : SRR R
- Prestressed concrete. Concrete in whlch eﬁ'ectlve mternal stresses are 1nduced B 4

artificially, usually by means of tensioned steel, prior to Ioadmg the structure, = . .
Pre-tensioning. A method of prestressing in ‘which tendons are tensioned

before the concrete is placed. : ‘ - R
Secant modulus. The ratio of the stress ata pomt on the stress-straln curve"~ S

to the actual'strain at that point. :
Short cokmm A column havmg a ratio of eﬂ'ecuve column length (as glven .

in Table 17, Subclause 321e) to the least lateral dimension not exceeding:15.
Slender beam. A beam whose Iength between Iateral restra.lnts exoeeds thn ty.

times the breadth of its compression ﬂange : \‘ ' o

T wdon. A stretched element used in a concrete member of 'structure to -
ir r.;t prestress to the concrete. For the purpose of thls Code tendons are
assumed to be of steel.

Transfer. The action of transferrmg Ioad in the prestressmg tendons to the
conctete. | -
Water/cement ratio. The total water/cement ratio, na.mely the ratto between .

the total weight of water (mcludmg the water absorbed by the. aggregate, and 5
the weight of cement. . Ry o

b L N
i

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

A, = equivalent area of helical remforcement (volume of hehx per umt ;
length of column). ‘

As = cross-sectional area of concrete, excludmg any ﬁrushmg materzal
and reinforcing steel. i+

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

Ass = cross-sectional area of compresswe remforcement ‘ .

A, = cross-sectional area of tensile reinforcement. L

Asy = cross-sectional area of untensmned remforcement in the tens;le
zone. -

fr.

1.
H

* B.S. 2787, * Glossary of terms for concrete and reinforced concrete’,

15
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--..;-rAw = cross-sectional area of strrrup

~ az and gy = bending moment coeﬁicxents for slabs (see Table 14 in

o Clause 318).

b = breadth of concrete in cornpressron genera]ly, also breadth of a
a{' rectangula_r beam or breadth of flange of, a: T-beam, L-beam or

S " I-beam, v"m‘«‘ -

by, = breadth of web of a T-beam, L-beam, or 1-bearn
. ¢ . = nominal maximum size of a coarse aggregate

d- = overall depth of beam.

d, = assumed depth of concrete in compression.

dn ='distance of the neutral axis from the outer compressnon surface

dy = depth of slab formmg the flange of a T-beam or L-beam,

dy = effective depth to the centroid of tensile reinforcement of a nor-

mally reinforced beam, or, for a prestressed beam, the distance of
‘the centroid of the tendons in the. tensile zone from the ‘outer
compressxon surface under ultimate-load conditions: |

dy = depth to compressive reinforcement in a beam.

E, = secant modulus of elasticity of steel at a stress 2 py.

E; = modulus of elasticity of the concrete correspondmo to the cube '
§ strength at transfer. )
- E; = modulus of elasticity of the concrete correspondmg to the cube

strength after the period con51dered E T i

ey == eccentricity of load. ‘ o

es = eccentricity of the tendons rehtrve to the centrord of the concrete
- section. ‘ o . '

fo = effective prestress in the tendons, i.e. remalnmg prestress in

* tendons after allowing for all losses. - .

fx = maximum stress which would be reached in the tendon at fallure

... of a beam. : - :

fa = tensile strength of the prestressrng steel, -

fs = guaranteed yield or proof stress (sve Subclause 304d)

I = second moment of area, usually referred to as the moment of
inertia.

K = constant (depending on type of duct, etc) used in calculat.tng the

| loss of prestress due to fnct.ton | | ‘

" Ky = stiffness of beam.,

Ky, = stiffness of beam on one 51de of a commn

. Kpy = stiffness of beam on the opposite srde of a colun:n

K, = stiffness of lower column.

K = stiffness of upper column,

L = length of a column or beam between adequate lateral restraints,

I == effective span of beam or slab. |
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I, = lever arm of the resistance moment o
I = length of shorter side of slab spanmng in two du'ectlons
o Iy = length of longer side of slab spanmng in two directions,

M = bending moments. g

M, = bendmg moments at the end of a beam frammg mto a column',
assummg fixity at both ends of beam. :

M = maximum difference between the moments at the r,nds of two
beams framing into opposite sides of a column, each calculated *
‘on’ the assumptlon that the ends of the beams are ﬁxed and that‘ o
one of the beams is not loaded. :

M. == resistance moment. CL T

M, = failing moment of beam or other member in bendmg. TR

M, and M, = bending moments at mid-span. on strlps of umt W1dth, '
and spans /y and ly respectwely : S

m = modular ratio.;, - s -
o = sum of penmeters of bars in the tensﬂe relnforcement S
P = permissible load on a short column 'subject to, both dlrect load and

‘ - bending; also. prestressxng force in the tendon, * = -

P, = prestressing force in the teadon at the ]ackmg end; also penmss1ble
_ axial load on a short column, - ‘ o

Py = prestressmg force in the tendon durmg tensmmng at a dlstance X
- from the jack. | | e

P, = prestressmg force after transfer. |

Pa = prestressmg force after the perlod consmdered -

“Py "= load on a column as defined in Equation 19 (Clause 323)

Pob = permissible compressive stress in concrete in bendmg

Peo = permissible stress in'concrete in direct compressmn. . o

p. = effective prestress-in the tendons, that is; the remalmng prestress o
in the tendons-after allowmg for all losses,. S

Pso = permissible compresswe stress in' the remforcement

Pst = permissible tensile stress in the remforcement |

Q = total shear across a sectxon e D SR

g = shear stress at a section. .

R = radius of curvature of tendon

r = (total area of remforcement)/bd

S == first moment of area of the in-situ concrete, to one 51de of the |
contact surface, about the neutral axis of the composne section.

s = spacing or pitch of stirrups. : '

Uy = spcclﬁed minimum concrete cube strength at transfer for cube

made m .accordance with B. S. 1881%, but cured under similar
COl]d.lthDS to the concrete in the work

B.S. 1881, * Methods of testmg concrete ’
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g = specrﬁed works cube strength at 28 days for Portland of super-
sulphated slag cement or 1 day for high alumina cement deter-
mined in accordance with B.S. 1881*,

#w. = the product of the age factor and the works cube strength

W = total load on beam or slab.’ :

We = total dead load per span. I3

W, = total imposed load per span. o

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

z = horizontal shearing force per unit length of the precast- member
at the surface of contact with the in-situ, part of a composrte
member.

Prand By, = bendmg moment coeﬁicrents for rectangular panels (see
Table 15 in Clause 318), '

p , = coefficient of friction between the tendon and the mater1a1 agalnst
which it bears. - -

¢y = creep of concrete per umt [ength per un.t apphed stress.

* B.S. 1881, ‘Methods of testing concrete’.
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SECTION TWO: MATL‘RIALS

201, Cement. The cement used should be:

1. Portland cement complying with B.S. 12*; -
2. Portland blastfurnace cemiént complymg wnth B.S. 1461“, or

Other cements, such as low-heat Portland cement complymg w1th B. S 1370§,
sulphate-resisting Portland, supersulphated low-heat blastfurnace slag Port-
land, water-repellent and hydrophobic Portland, and white and coloured Port-.
land cements, :for some of which- rathere -are no' British Standaeds;; are desirable
in certain circumstances but should only be"used’ w:th the approval of the
Engincer. .

Sulphate-resisting Portland and -white Portland cements should comply
with all the requirements for ordmary Portland cement in B.S. 12*; Coloured
Portland, water-repellent and’ hydrophobic Portland, low-heat blastfurnace”

* slag Portland, and supersulphated cements should comply with the strength
requirements for ordinary Portland cements as given in B.S. 12*%, '

Supersulphated cement should not e mixed with other kinds of cement
This cement is rather more sensitive to deterioratton during stormg than’ Port
land cement and greater care needs to be taken in the initial curing stage to
maintain the surface of the concrete damp; otherwise-there is a tendency for it
to become friable or dusty. In cold weather the development of strength of
concrete made with this type of cement is delayed more than most Portland.
cements, but the ultimate strength is unaffected, Supersulphated cement concrete
should always be kcpt moist for at Jeast four days after placing. Thls 15 par—
ticularly essential in hot clunates or during hot weather condmons

i

202 Aggregates for conc:cte.

a. Permissible aggregates Aggregates should consist of one of the followmg
or of a suitable combination of the following: :

" 1. fine and coarse aggregates complymg w1t11 BS 882” (scc 2 m Sub—"
clause 213a); |
2. air-cooled blastfurnace slag coarse: aggregate complymg w1th B. S 10471{,
3. foamed blastfurnace slag complying with B.S. 877*¥, provided that the
grading is suitable for making reinforced and prcstressed concrefe; and

4, fine and coarse aggregates of expanded clay, s]ate, shale or slag, and ‘

* B.S. 12, ‘Portland cement (ordinary and raptd-hardemng)' S o .n\ .
t B.S. 146, * Portland-blastfurnace cement *. - ' ‘ C

%Sr&lé—hmglmlmnmﬁ—-

§ B.S. 1370, * Low-heat Portland cement . -

I B.S. 882, *Concrete aggregates from natural sources ’, v

9 B.S. 1047, ' Air-cooled blastfurnace slag coarse aggregate for concrete
** B.S. 877, ‘Foamed blastfurnace sfag for concrete aggragate’.
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sintered pulverized-fuzl ash provided that such materials are suitable from
the point of view ¢f quality and grading for making reinforced and pre-
stressed concrete; lightweight aggregates should comply with B.S. 3797+,

Where any property of the aggregaté Is likely to cause the strength, density,
shrinkage, moisture movement, creep, modulus of elasticity or durability of
concrete made with it to be different from the corresponding properties of con-
crete made with sound, dense, non-shrinking aggregates complying with B.S,
8821, the Engincer should make the tiecessary modifications tc the bisis of design,
permissible stresses and workmanship, .~ . T .

The Engineer should not approve the use of other aggregates unless there
are satisfactory data on the properties of concrete made with them. Aggregates
for which no British Standard exists should, as far as possible, comply with the

relevant clauses in the British Standards listed above. -

b. Grading. The overall grading of the. aggfegateéé'-sﬁdﬂld'-,"be-suph as to

produce a concrete of the specified quality which will 'Work readily into position
without segregation and without the use of excessive water/ The overall grading

should be controlled throughout the work so that it conforms closely to that

assumed in the selection of the mix. proportions (see alsd"'Su.chilause 212b).
¢ Nominal maximum size of aggregate. The nominal ‘maximum size of

coarse aggregate should be as large as possible, within the limits specified in the

appropriate British Standard as given in Subclause a above and the recommenda-
tions in Clause 308, provided that the concrete can be placed without difficulty
by the means of compaction used so as to surround ali reinfercement thoroughly

and to fill the corfitrs of the formwork. = -

Where = o R
1. porous:aggregates are used;-

2. the concrete is subject to alternate wetting and drying with fresh or
rain’ water and to freezing; or o | '
. 3. the'concrete is exposed to more severe conditions, S
the nominal maximum’size of the aggregate should not exceed 5 mm less than
the nominal concrete cover, ‘ T '

-~

‘d. ‘Aggregates containing salt or shell. Some a ggregates, particularly those . ;

from marine and estuarine sources, naturally contain proportions of salts,
especially chlorides. These aggregates are suitable for use in structural
concrete depending on the type and total chloride content of the mix
(see Clause 207). ST . O

These aggregates, both coarse and fine, may contain hollow and/for flat -
shells which, like any flaky material if present in sufficient quantities,
may affect adversely the workability of the concrete. Some workability
problems can be eased by the inclusion of an appropriate admixture.

In hardened concrete, both hollow'and flat shells in coarse aggregates may,
if present in sufficient quantities, affect adversely the qualities of the.
concrete, though no limit on shell content is at present-thought necessary
for the majority of work. Generally, shell is comparatively unimportant in
fine aggregates,’

203, ‘Sands for mortar, Where mortar is used in the construction of floors and
roofs, or for the jointing of precast concrete units, the fine aggregate for the
mortar should consist of either: -

1. sand complying with the requirements of B.S. 1200%; or
2. fine aggregates of expanded clay, slate, shale or slag, foamed slag, and
sintered pulverized-fuel ash, provided that such materials are suitable
for mortar. ' | B —
® 8.5, 3797, * Lightweight aggrepates for concrete .

t B.S. B82, *Concrete aggregates from natural sourcesil
1 B.S. 1200, * Building sands from natural sources ",
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NO’:['E. It may not be necessary to obtain sands spectﬁcally for use in mortar. Con-

creting sands in grading zones 3 and 4 of B. S. 882, * Concrete aggregates from natural’

sources ’, are generally suitable for use in mortar, and coarser sands may be su:table
. by rcmovmg the excess of coarse mater:a] by screemng :

204. Water, The water should be clean and free from harmful matter attentton
is drawn to B.S. 3148*, . '
205, Admixtures ‘

a. General. Suitable admixtures may be used in concrete mixes for spec1al
structural concrete with the prior approval of the Engineer. Both the amount.
added and the method of use should be to the approval of the Engmeer who. .
should be provided with the following data:* ' '
| (i) the typical dosage and detrimental effects 1f any, of underdosagt

and overdosage; L
(i) the chemical name(s) of the main mgredlent(s) in the admlxture
(iii) whether or not the admixture contains calcium chloride and; if s0
the chloride ion content expressed as a percentage by werght of
admixture; SRR
(rv) whether or not the admlxture leads to the entrammem of air .
“when used at the manufacturer’s recommended dosage.

An admixture should be specified as one that complies with the.
requirements of the following Britich Standards: B.S. 1014+, B.S: 389215
and B.S. 50758; for. admtxtures for which there is no British Standard
the type and/or proprietary brand should be speclﬁed o

. In admixtures for use in: R ‘ BRI

1. concrete contamlng prestressmg tendons remforcement and
embedded metal and made with any type of cement, and
2. concrete without embedded metal made with cement in accordance :
with B.S. 40271 and B.S. 424811 ‘ .
the chloride ion content should not exceed: 2 % by welght of the admrxture :
or 0.03 % by weight of the cement, |

Admixtures should never be regarded asa replacement for good concrete
practice and should never be used mdrscrrmmately Their su1tab111ty should,
generally be verified by trial mixes. Certain admixtures contain highly active
chemicals and may impart undesirable as well as desirable properties to the- |
‘concrete. If two or more admixtures are thought to be requlred in any one .
mix, the manufacturer of each should be consulted. The behaviour of

“admixtures with supersulphated cement may differ from their behav1our
with Portland cement and advice should be sought before use.

b. Calcium chloride. Experience has shown that corrosion of prestressmg
tendons, reinforcement and embedded metal usually results from a
"combmatton of factors including excess addition of calcium chloride due to
. failure to maintain specified dosage, departure from specrﬁed mix proportions,
poor compaction, inadequate cover and poor detail design.
It is therefore strongly recommended that calcium chloride should never
be added in prestressed concrete, reinforced concrete and concrete contammg
embedded metal. ‘ SEIRFEREAN

. ,_.,..,_._...,.....:- —

.



http://www.avadocuments.com/doc/cp-116-1969
http://www.avadocuments.com/doc/cp-116-1969

N

CP116 Part 2 : 1969

mstructlons

. | ‘TB.S. 1014,
ZL,’\B, i - 1B.S. 3892,

, . 8§B.S. 5075,
IB.S. 4027,

§B.S. 4248,
**B.S. 12,

This recommendatlon does not dpply to concrete that is not prestressed
‘or reinforced or that does not contain embedded metal because there is -
then no problem of corrosion. In Lhese cases calcium chloride: may be: used
with cement to B.S. 12%* with the prior approval of the Engineer. In
specifying the dosage and manner of adding the calcium chloride,
attention should be paid to spec:allst llteratu re and the manufacturer S:

. i
T L e e

- ,..-:. =

Plgments for Portland cement and Portland cement products .

‘Pulverize d-fuel ash for use in concrete
‘Concrete admixtures’. e e
‘Sulphate-resisting Portland cement
‘Supersnlohated cement’, .
‘Porlland cement (ordmary and rapld hard-. mg)

i

i

i
[
}
i
h

I

b
2
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crete which is to be subjected to curmg at elevated ternperatures or wluch will
* Subsequently be exposed to warm, moist conditions. When reinforced concrete
is to be steam cured, the addition of calcium chloride is undesirable. Ca.Iclurn
chloride should not be used i in concrete made with sulphate-res:stmg cement,
When an au—entralmng agent is used, the mixing time should be carefully |
}AE,-controlled and the air content of the concrete should be measured to ensure
that 1t is within the valiies recommended in Note 6 of Table

206. Steel for reinforcement and prestressmg tendons.

a. General, To ensure. satisfactory bond between the steel and the concrete
wires and bars should be free from Ioose mill scale and rust, grease
or other material which i impairs the bond. A: firmly adhermg film of rust
is desirable and will i 1mprove the bond; the steel,“b_owever should not

" be pltted (see Subclause 402a). ‘

b. Rengforcemenr The remforcement should be “
| 1. steel bars complying with B.S, 4449% or B. S, 446[1‘

& 2. hard drawn mild steel wire comply > with B. S. 4482%: -

3. steel fabric complying with B.S."4485. ‘

4. other remforcement having propertles not mf'enor to those of the

materials i in 1,20r 3 above. . - o

NOTE. For bond tests, see Appendlx A.

P estressmg steel. The prestressrng steel should be: :

& o 1. cold-drawn, high-tensile steel wire complymg with B.S, 2 2691 [I
%Y
/2

2, 7-w1re strand complymg with the requirements of BS.36 36171] "

3. nineteen- w1re steel strand compiymg with the requ:rements of B.S. 4757**

U high-tensile steel bars of open-hearth steel with’ sulphur and phos-
phorus contents each not greater than 0-05 per cent; bars, whether
plain or deformecd, should have a tensile strength of not less than
950 N/mm?* with a 0-2 per cent proof stress of not less than 75 per
cent or more. than 92 _per cerit of the actual ultlmate strength (for

methods of testing, see B.S. t_STT' or

' @ & othe wires, strand or bars Havmg properttes not mferlor to those of

: - the materials'in 1, 2 or 3 above. S

d. Size of bar, For the purpose of this Code the size of a bar is the dia-
meter of a nominally round bar or the Iength of a side.of a nominally
square bar,

s *B.S. 4449 ‘Hot rolled stec:l bars for the remforcement of concrete
| 1B.S. 4461 ‘Cold worked steel bars for the reinforcement of concrete’,

" A B.S. 4482 ‘Hard drawn mild stéel wire for the reinforcement of concrete’.
3 §B.S. 4483 ‘Steel fabric for the reinforcement of concrete’. |
IB.S. 2691 ‘Steel wire for presiréssed concrete’. : B
1B.S. 3617 ‘Seven-wire steel strand for prestressed concrete’.

. **B.S. 4757 ‘Nineteen-wire steel strand for prestressed concrete

TYB.S. 18 *Methods for tensile testing of matals’. N8 1Y
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e. Eﬁ'ectwe diameter of bar. For the purposes of this Code the eﬁ'ectlve
diameter of a bar should be calculated as follows:

1. for a bar whose cross-section is constant along the. Iength the
diameter is that of a clrcle having the same area as the cross—sectron
_ of the bar; . :
2. for a bar whose cross-sectlon varies along its length the eﬁectlve
dxameter is that of a circle having an area equal to the least area of
any cross-sectlon 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. o

'
-]

207. Concrete mixes. The concrete rmx should be selected to produce a specrﬁed

grade of concrete dependent upon strength and durability requrrements T :

mix should preferably be designed in accordance with Clause 208, or the proper-

ties may be chosen from the standard concrete mixes descnbed in Clause 213. A

In Table 1 Part A glves the specrﬁed works cube strengths apphcable to‘_

each grade of concrete, and Part B gives the minimum grade of concrete required
for its durability under dlﬁ'erent conditions of exposure dependent also on the -
cover 1o the steel.

The fact that five grades of concrete are speclﬁed does not mean that other
strengths cannot be used, and other intermediate or hlgher grades can be used to
meet the requirements for permissible stresses given in Tables 3 and 4 (Clause
303). For intermediate strength grades, the minimum nominal cover require-
ment should be that for the nearest lower grade given in Table 1, Part B. With
lightweight aggregates in accordance with 3 or 4 of Subclause 2024, a special
lower-strength concrete is permitted for mternal non-corrosive conditions (see
Subsection 3M). : :

Table 1 is based on the use of Portland cement to B.S. 12*, or Portland-
blastfurnace cement to B.S, 1461, The strengths are also applicable to concretes
made with other Portland cements given in Clause 201. Only the 28-day strengths -
are applicable to other types of cements, except high alumina cement.: o

For some conditions of exposure the use of other cements, such as sulphate-
resisting Portland, supersulphated, or low-heat -alumine cements may be
advisable, and the grades and cover of concrete given in Part B of Table 1 ‘may not‘}
‘be apphcable with these cements. The grades of concrete and the minimum. cover} ,

- requirements given in this part of the Table apply only to concrete inade with:
natural aggregates complying with B.S. 882% or with air-cooled oldstfurnavr‘; :
slag coarse aggregate complying with B.S. 10478, For other aggregates descrrbed
* B.S. 12, *Portland cement (ordinary and rapld-hardemng) i o
t B.S. 146, * Portland-blastfurnace cement’.

1 B.S. 882, * Concrete agpregates from natural sources *.
§ B.S. 1047 Alir-cooled bIastfurnace slag coarse aggregate for concrete
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in Subclause 202a, it rnay be deszrdole to use higher grades of concrete and/or to
" increase the minimnum cover to the steel (Clause 356) for any Partlcular condition 2
' of exposure, - o
) Designed concrete. xmxes to Clauec 208 .require trial mixes (see Clause 209)
- tobe prepared unless' there are previous data verifying that the prorosed mix
proportions will prov1de the required grade of concrete. _ e
Standard concrete mixes to Clause 213 do not require any mix des;wn or trial
~ mixes to be made and should only be used with the approval of the Engmeer.
They are mcluded for occasions when there is insufficient time to make trial
mixes or when unusual materials are required to be used. Standard mixes are
. restricted to the three lower prades of concrete, A, B and C, using cement
cornplymg with B.S. 12* 'or. B:S, 146t. Table 2 gives details of these standard
mixes for use with aggregates complying with B.S. 882} or B.S. 1047§, and
Clause 213 explains the modifications required to aflow for variations in the
aggregates. Subclause 2134 also permits the use of mix proportions recommended
by the producer of a lightweight aggregate in accordance with 3 or 4 of Sub-
clause 202a as standard mixes. Standard mixes should comply with the same con-
trol requirements as designed mixes, although there are detailed variations on ;
the application of the control given in Clause 213, B
The acceptance of either the designed or standard concrete mixes should
be based on the 7-day works cube results unless the Engineer decides that
the basis should be the 28-day works cube strength (see the thlrd paragraph of
- Clause 210),

T~ ‘Chloride content. The total ch]onde content of the concrete mix arising i
from the aggregate together with that from any admixtures and any other
source should not in any circumstances-exceed the following limits expressed P

as a percentage relationship between ciloride ion and weight of cement in the
mix.

Type or use of concrete . Maximum total chloride
content expressed as
percentage of chloride
ion by weight of cement

Prestressed concrete ok
Structural concrete that is steam cured -
Concrete for any use made with cement complym;_.. with 0.06
B. s 4027l or B.S. 42489

Reinforced concrete made with cement complying with

B.S. 12* _ 0.35 for 95 % of test
Plain concrete made with cement complying with results with no result
B.S. 12* and containing embedded metal greater than 0,50

. NOTE. % chloride ion X 1.648 = % cquivalent sodium chloride
% chloride ion X 1.565 = % equivalent anhydrous calcium chioride.’

" 1IB.S. 4027, ‘Sulphdte resisting Portland cement’, ' N ‘ o
A1B.S. 4248, ‘Supersulphated cement”, S S
"‘“&’E:S. 12, *Portland cement (ordinary and rapid-hardening) * t PSR

t+ B.S. 146, °Portland-blastfurnace cement’.
$ B.S. 882, *Concrete aggregates from natural sources’.

§ B.S. 1047, * Air-cooled blastfurnace slag coarse aggregate for co
24

L
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TABLE 1, GRADE"‘ OF FULLY COMPACI‘ED CONCRETE FOR
STRENGTH AND DURABILITY PURPOSES, USING CEMENI‘ '

COMPLYING WITH B S. 12 OR B

. 146

TO MEET STRENGTH REQUIREME.

PART-A, SELECTION OF THE GRADE OF CONCRETE NECESSARY

Spemﬁed wprks cube strength, N/mm’

At test . o _ for Grade- - .
L A B c :AD_‘-.’,'} . E.
4 . . . TN . . B
28 days (uy) 21. | 255 |30 | 40 | 50
7 days - 14 20 | -28. .| 370

1 17

PN [

-“:i g

PART B. SELECTION OF THE GRADE OF CONCRE’I'E AND NIINIMUM

COVER(D NECESSARY TO MEET DURABILITY REQUIR]ZMENT

Conditions of exposure

* Minimum nominal concrete cover#), in mm,
to all stecl, for concrete made with aggregates
complying wnth B.S. 882 or B.S. 1047 for Grade |

A

B

c

—

Internal,

Non-corrosive

Corrosive: e.g. roof units
subject to condensation
Severely corrosive: e.g. roof
units subjcct to corrosive
fumes

L

19
25

N.A.(B)

15

19

38

15 |

15

25

15 .

.95 .

15

15

25

External.

-ings

Sheltered®? in non-industrial
areas: e.g. in occupied build-
ings surrounded by other
buildings

Sheltered in industrial areas
or work .against non-
sulphate~bearing earth faces
Exposed® in non-industrial
areas: e.g, open farm build-

Exposed in industrial arcas
or subject to mild sulphate
attack

Exposed to sea water or
weak chemical attack
Subject to salt used for de-

icing: e.g. roadside structures

o5

40

NA,

N.A.

N.A.

N.A.

25

25’

N.A.

N.A.

N.A,

25

25

25

N.A,

40(8)

05

25
25-

50

' 25(8)

20

20

25

25

50

25(6)

25
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NOTES TO TABLE 1

M. For internal work under corrosive cornditions, for external work and for
work against earth faces, the values of cover givenin Table 1 may be reduced
when the face of the concrete is adequately protected by a suitable claddmg
or by a protective coatm':r o

2 The minimum nominal concrete cover gwen in Table 1 apphes to all steel
--ﬁrncludmg stirrups and links, and in practlce the steel should be positioned
. within the tolerance allowed in 1 of Subclause 407c, i.e. so that the actual
 concrete cover is nowhere smaller than the requlred nominal cover by more
than 5 mm, : ‘

The minimum norrunal cover may need to be increased whessonloineroltor:
revd=fsor=Glaune=365), where lightweight-aggregate concrete is used (see

Clause 356), and where necessary to allow for any subsequent surface treat-

ment (see Subclause 409¢) and the use of porous aggregate (see Subclause 202¢).

In addition to meeting the minimum nornmal cover requirements of Table 1,
the cover to reinforcing bars and tendons must also cornply with the design
requirements of Clause 310 and the fire resistance requlrements

3 N.A. indicates that this grade of concrete is not allowed under the partlcular
conditions’ of exposure . ' o SO L .

@ Not subject to the freezing of darnp concrete.

) Subject to alternate wettmg and drymg with fresh or” ram water and to
freezing, :

® Applicable only to air-entrained concrete. Suggested air contents for concrete
made with aggregate of: o

10 mm maximum slze, 6-8 per cent
19 mm maximum size, 4-6 per cent
38 mm maximum size, 3-5 per cent.

The alifr'_ content should be controlled within = 1 per'cen't of the average.
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208, Selection of grade of concrete. The mix should be de51gned to produce
the higher of the two grades of concrete required from Parts A and B of Table 1.
All the grades of. concrete are. suitable for normal reinforced concrete, but for
prestressed concrete, grade Cis the lowest grade permissible for work with post-
tensioned steel and grade D is the lowest grade permlss1ble w1th pre-tensmned
steel.,

' For ordm’ar‘y or ra.pld-hardemng Portland cement concrete or Yortland-
blastfurnace cement concrete; the mix: should contain not less than.240 kg nor
more than 540 kg of cement per cubic metre of fully- compacted concrete,
except that for prestressed concrete the mix should contain not Iess than 300 kg
of cement per cubic metre of fully compacted concrete. . '

In order to allow for unavoidable variations, the mix should be deSJgned
to have a medn strength that is greater than the spemﬁed works cube strength
by a margin that is governed by the standard deviation expected from a given-
concreting plant (see Clause Bl in Appendix B, Iatmg to statistical terms and
quality control methods). The works cube strengths given in Table 1 are not .
absolute minimum values, but values below which about 214 per cent of the test
results may be expected to fall. On this basis the mean stréngth to be designed
for is the specified works cube strength plus twice the expected standard devia- . -
tion. The standard deviation should be calculated from at least 40 individual

. cube results, each representing separate batches of similar concrete produced by
‘the same plant and under the same supervision, except that no standard deviation
less than 3-5 N/mm? should be used as a basis for designing the mix, i.e. the
minimum margin between the specified works cube strength and the’ des1gned
mean strength will thus be 7 N/mm?® In the absence of such previous
information a standard deviation of.7 N/mm?, i.e. a margin of 14 N/mm?, -
should be used initially for mix design: purposes. It is assumed that the same
standard devxatlon applies to both the 7-day and the 28-day strengths.

209. Trial mixes. Unless there is existing data showing that the proposed mix
proportions will produce the grade of concrete requ1red with adequate work-
ability for full compaction by the method to be used in productzon, trial mixes
should be prepared under full-scale conditions and tested in accordance with
B.S. 1881*. As a preliminary it may be convenient to prepare trial mixes in a
laboratory in accordance with B.S. 1881*, Trial mixes should also be made subse-
quently whenever a change is intended in materials or in the proportions of the
materiais to be used. Representative samples of the materials to be used should
be taken and three trial mixes using the proposed proportions should be made,
preferably on different days. The workability of each of these three trial mixes
should be determined and a batch of six cubes from each should be made, three
for test at 7 days and three for test at 28 days. The Engineer should decide

* B.S. 1881, * Methods of testing concrete *.



http://www.avadocuments.com/doc/cp-116-1969
http://www.avadocuments.com/doc/cp-116-1969

cp 116 : JARA 1969

whether to accept the proposed mix- proportlons, but these should not be |

- accepted if the average strength of the three trial mixes is less than the designed
mean strength minus the desxgned standard deviation, A knowledge .of the
strength of the cement used in the trial mixes; e.g. the B.S. 12* concrete test
results, should be helpful to the Engmeer in the mterpretat:on of the tnal mix
results.

Under the conditions in which the trial mixes are made the var1ab111ty of the

results should be low. Further trial mixes should be made if the range, ie. the
maximum minus the minimum, of the three cube results in any batch exceeds
15 per cent of the average of that batch, or if the range of the three batch averages
exceeds 20 per cent of the overall average of the batches - :
210. Works control cube tests. (See Clause B2 in Appendlx B.) Sa.mples of con-
crete should be taken at the mixer and works cubes made, cured and tested in
accordance with B.S. 18817. : :
~ When a mix is used for the first time it is important to get a large number of
results as soon as possxble in order to establish the level of control and the
suitability of the mix proportlons A sample of concrete should be taken at
random on eight separate occasions during each of the first five days of using
that mix. Thereafter a sample should be taken from about 4 per cent of the:
batches made, but at least one sample should be taken each day any concrete of
a particular grade is made. The number of samples per day and the times at
which they are taken should be varied at random.

From each sample one cube should be made for test at the specified age.
If this is at 7 days, it should be regarded as normal procedure to make an extra

' cube periodically (e.g. once a week) for testing at 28 days, to ensure that the
development of strength of the concrete indicated in Table 1 is being maintained.
If the specified age is at 28 days, two.cubes should be made, one bemg for test at
7 days for control purposes. . g

To ensure that the mix proportions are suitable for a partxcular grade of
concrete, the works cube results should satisfy the four conditions given below.
If the specified age is 7 days, then only the 7-day works cube results need satisfy
these: conditions, but if the specified age is 28 days then the 28-day works cube
resulis should satisfy these conditions. For control purposes, however, it is pre-
ferable to take action on the analysis of the earlier 7-day works cube results.

The works cube results should be examined both individually and in con-
secutive (but not overlapping) sets of four, for. which the average and the range
of each set is calculated. The mix-proportions should be modified to increase the
strength if, in the first ten consecutive (but not overlapping) sets, any of the
following conditions are not satisfied:

* B.S. 12, ‘¢ Portland cement (ordinary and rapid-hardening) ',
t+ B.S. 1881, ¢ Methods of testing concrete *.

28
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1. not more than two individual results of the 40 cube tests should fall below
the specified works cube strength; | |
2. no value of the range in any set should exceed four ttmes the desrgned
standard deviation; | o
3. no value of the average for any set should be less than the specxﬁed
strength plus the designed standard deviation; and L
4. not more than one set should have an average which is less than the specl- )
fied strength plus 4/3 times the desrgned standard devratron

After ten consecutlve sets of results have been obtarned the overall average ‘_

and’the standard deviation of the forty results should be calculated and any .
appropriate modifications made to the mix proportions.. Subsequently, if any:
of the foregoing conditions do not apply to.the individual results or the sets of
four, the overall average and the standard deviation of the prcwous consecutive
forty results, 1ncludmg the nonncomplymg set, should be calculated. If the overall
average strength minus twice the standard deviation is less than the spec1ﬁed |
works cube strength, the mix proportions shculd be modified. '
If any works cube result is less than 80 per cent of the specrﬁed works cube

strength, units made with the correspondmg batch of concrete should be sub—, o

Jected to 1nd1v1dual mspectton and testmg (see Subclause 504a)

211. Addrtwnal cube tests, Addltlonal cubes may be requrred for the followmg‘ '
purposes—to check the testing error, to determine:ttie strength of concrete at
the transfer of stress of prestressed concrete, or at the time of stripping the
moulds or sometimes to determine the duration of curing. The sample of concrcte o
-should be taken at the appropriate place, '

! o .
a. Checking the testing error. An extra cube may be madé from all sarnples_:

taken for normal control for a limited pericd. to check the testing error (see.

Subclause B4a in Appendq: B). The dupbcate ¢ubes should be identified at the
time of making (e.g. 1 and 2) and orny the cube with a predetermlned des:gna- o
tion (e.g. 1) should be accepted as tie basm of control. ; o

b. Determining the concrete strengrh at transfer, With prestressed concrete
the concrete should be sampled and works cubes made ‘at suﬁic1ent1y frequent
intervals te ensure thiat its strength in the unit at transfer is in accordance with
Subclause 3035 (i). The frequency of sampling and the number of cubes made
should be decided by the Engineer, These cubes should be stored asfaras possrble ‘
under the same conditions as the concrete in the umts

¢. Determining the time for demoulding. When the strcngth of the concréte in
the unit is required in order to determine the time to demould asin Clause 408a,
additional cubes should be made, as required, and stored under the same
conditions as the units.

ﬁ . 29
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212, Production control, (See CIauseiB4, Appéhdix B) The attainmént of a low
standard deviation requires good supervision, a supply of uniform materials and
accurate measurement of the quantities of materials constituting each batch of
concrete. - i ' SR B '

a. Supervision. A competent person should be employed whose first duty
it'will be to supervise all stages in the preparation and placing of the concrete.
All tests on materials, the making and testing of cubes and the maintenance and
calibration of all mixing and measuring plant should be carried out.under his
direct supervision. - L PR

b. Aggregates. Separate storage bins with adequate provision for drainage
should be provided for each size of aggregate used, e.g. for the following nominal
single-sizes where applicable, 38 mm~19 mm, 19 mm-10 mm, 10 mm-5 mm
and 5 mm down. | L e

The grading of the coarse and fine aggregates should be determined at least
once for every 100 tonnes supplied and at least once a week to check whether the
gradings are similar to those of the samples used in the trial mixes or of those
used as the basis for the selection of the weights of aggregates in Table'2 in the
case of standard mixes, Some variation may occur, and in the case of sands it
would not be unreasonable for the grading to vary by a range equivalent to that
of a single grading zone in B.S. 882* For example, if the grading.of the sample
corresponded to the middle of zone 2, then provided the sand remained within
zone 2 no adjustment to the mix would be required. Similarly, if the sample

grading was close to the finer limit of zone 2, then it might vary from the middle

of zone 2 to the middle of zone 3. ,

For any given maximum size the grading of the coarse aggregate, provided
this is within the appropriate limits of B.S. 882*, is unlikely to affect the proper-
ties of concrete unless a high degree of control is exercised. Where the range
permitted by B.S. 882* for graded aggregates is considered to be too wide, it is
recommended that single-sized aggregates are used, the relative proportions
being determined on the basis of the trial mixes. f

¢. Batching and mixing plant. Provision should be made to measure the
quantities of cement and of fine and coarse aggregates by weight, Where the
specidc gravity is variable (e.g. with light-weight aggregates), volume batching
may be desirable. Where the weight of the cement is determined by accepting the
maker’s weight per bag, periodically a reasonable number of bags should be
weighed separately to check the net weight. Where the cement is weighed in the
pre-cast factory or site, separate weighing plant should be provided for this
purpose. The fine aggregate and the various sizes of the coarse aggregate should
be weighed individually. The amount of water added should be measured,
allowance being made for the average water content of the aggregates (see d

B.S. 882, * Concrete aggregates from natural sources ’.
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below). Any solid admixtures that may be added should be measured by weight
and any liquid or paste admixture may be measured by volume or weight.

The accuracy of measuring equipment should be + 234 per cent of the
quantity of material being measured. All measuring equipment should be main-
tained in a clean, serviceable condition and its accuracy checked regularly,

A suitable mechanical mixing plant should be provided,

d. Cantrol of water content. The water/cement ratio of the concrete should -
be controlled at the required value determined from the trial mixes, or, for
standard mixes, at the value required to produce concrete of the desired work-
ability. Control may be achieved (1) indirectly through the control of the work-
ability of the mix or (2) directly according to the moisture content of each size of
aggregate. Whichever procedure is adopted, initially the batch weight of each.
size of aggregate should be adjusted from the required dry weight to allow for the
average moisture content of that aggregate. Subsequently, the batch weights of
the aggregates necd only be altered to compensate for large fluctuations in the
moisture contents of the aggregates, or if the average moisture contents change
appreciably from the initial values, but the amount of water batched should'b

varied as frequently as necessary to satisfy the control procedure. =

2

1. With the indirect method, the properties of the aggregates-which affect
the workability of the mix, i.e. the grading and particle shape and
texture,, shoiild be checked for variation froin those of the samples. -
used in the trial mixe?c.“, the moisture content of the aggregates should be
maintained as uniform as possible and the quantities of cement-and
aggregate in each batch should be measured accurately. The amount of
water measured for each batch is then controlled to produce concrete
of consistent workability; this should be checked at least once a day by
making the test or tests used in measuring the properties of the trial Y
mixes. At Jeast once a week the control procedure should be checked by -
measuring the moisture content of each size of aggregate and applying
the direct method of control. ‘ Lo

- With the direct method, the control of the properties of the aggregate
affecting workability is less important, but the control of moisture con-
tent of the aggregate and the accurate measurement of the quantities

- of cement and aggregate in each batch is still necessary. The moisture.
content of each of the aggregates should be determined regularly in -
accordance with B.S. 812*, All aggregates should be tested at least once
a day and fine aggregates more frequently, and further tests should be
made whenever there is an observable difference in the moisture content -
of any aggregate. Between the times when adjustments are made accord-
ing to the moisture contents of the aggregates, the water/cement ratio

* B.S. 812, ‘Methods for sampling and testing of mineral aggregates, sands and fillers’.
a 31
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should be controlled mdlrectly, as in method 1 except that the control

- may. be by v1sual assessment ot‘ the workabmty Ty

213. Standard concrete mixes. (See also Clause 207. )
It may be convenient in suitable circumstances to adopt the partlcular pro-
- portions given in Table 2, since these have been shown to-be’ satisfactory for
producmg concrete of the three lower grades A, B and C. The trial mixes referred
~ to in Clause 209 need not be made if these proportlons are adopted

- a Select:on of mix quantztzes Standard mikes should only be used with the
‘ approval of the Engmeer and are restricted to grades of concrete A, B and C.
* The cement used in standard ‘mixes should comply with the requirements of
" B.S. 12* or B.S. 146t and the aggregates should comply with B.S. 832} or with
B.S. 1047§. Adir- entrammg agents should not be used with standard mixes.
Where aggregates in accordance with 3 or'4 of Subclause 202a are used,
mix proporiions recommended by the producer of a partlcular lightweight
aggregate as complying with the’ strength requirements of grades A, B or C
- concrete can be regarded as standard mixes, subject to the Engineer’s approval
after examining evidence that the results can be achieved.
The grade of concrete should be selected from Table 1.on the basis of comply-
ing with both the strength and durablhty requirements as stated in Clause 208.
" Table 2 gives the weight of dry aggregates to be used per 50 kg of cement; the
cement content of these mixes is in accordance with the second paragraph of
Clause 208.
The recommendations i in the third paragraph of Clause 208 for selectmg the
- standard deviation apply also to standard mixes. The standard deviation to be
used in selecting the required mix should be calculated from at least 40 individual
cube results from another concrete mix produced by the same plant and under
the same conditions of supervxslon and control of materials, Table 2 gives two
Jevels of standard deviation; i.e. the minimum value of 3-5 N/mm? and the
value of 7 N/mm?, the latter being used if no previous data are ‘available.
If the previous information resuits in an intermediate value of the standard
deviation, the weight of the fine and coarse aggregate should be interpolated from
the two sets of values given in Table 2, and rounded oif to the nearest 10kg -
lower (see Clause B3 in Appendix B). : |
The weights of dry aggregates given in Table 2 are based on certain assump-
tions, and the following factors may have to be con51dered

1. The weights given are based on the use of a coarse aggregate used with a
sand havmg a grading within the Limits ‘of grading zone 2 1n B.S. 8825;

* Portland cement (ordmary and rapld hardenmg) i
, *Portland-blastfurnace cement ’.
* Concrete aggregates from natural sources’
S 1047 A:r—cooled blastfurnace slag coarse aggrcgate for concretc
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If a crushed stone sand or a crushed gravel sand is used instead of sand the
weight of the coarse aggregate should be reduced by at least 10 kg.

2. The weight of the fine aggregate should be decreased by at least 10 kg'
if its grading is within the limits of gradmg zone 3 of B.S. 882* and -
increased by at least 10 kg if its grading is within the limits of grading
zone 1 of B.S. 882*, There should be a correspondmg increase or decrease
respectively in the weight of coarse aggregate required; ie. the totall, |
weight of aggregate should remain the same. Larger adjustments are
more likely ,to be required with the leaner mixes. Fine aggregates m
grading zone 4 of B.S. 882* are not allowed in standard mixes. =

3. The proportions of single-sized coarse aggregates should be chosen’ to

produce combined gradings within the limits of B.S. 882"‘ or B.S. 10471" o

for graded aggrepate of the appropriate size,
4. If the specific gravity of either the coarse or the fine aggregate dlﬁ'ers ,

- sufficiently from 2-6, to alter the weight of the absolute volume of material

in the batch by more than 5 kg, the weight of each type of aggregate
should be adjusted in proportion to the specific gravity of the material,
5. Intermediatevalues of workabilitymay beobtained from mterpolatron of the" .
weights of dry gravel or crushed rock coarse aggregate glven in Table 2

The actual batch welghts should be calculated to suit the size of the mixer .
and should allow for the moisture content of the fine and coarse aggregates as
given in Subclause 2124 (see Table 43 in Appendlx B). 3 -

b. Control of standard mixes. Standard mixes do not reqmre the preparatlon |
of trial mixes in accordance with Clause 209, Modifications should be made to
the concrete mix if the works test cube results fail to satlsfy any of the four con-
ditions of Clausé 210; the mix should be altered by using the quantities of .

materials given in Table 2 for the next higher grade of concrete. Where this is .

‘not apphcable, the cement content should be increased by 10 per cent. This -

~ richer mix should continue to be used until 40 works test cube results have been S

obtained and the mean and the standard deviation of these results cmlculated
This richer mix can continue to be used or it can be altered in elther of the
following ways:

1. The standard deviation calculated from the 40 results can be used to.
obtain the welghts of fine and coarse aggregates. ‘)y mterpolatton from the
values given in Table 2.

2. A change can be made to a designed mix on the basis of the standard
deviation of the 40 results and the data from the works cubes of both the
original and the modified mixes. |

The recommendations of Clause 211 for addmonal cube tests and of Clause

212 for the production control facilities should also apply to standard mixes.
* B.S. 882, ‘Concrete aggregates frorn natural sources *.
t B.S. 1047, ' Air-cooled blastfurnace slag coarse aggregate for concrete ’.

33 : . B
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- SECTION THREE : DESIGN
SUBSECTION 3A: GENERAL

301. General considerationsri,r; the design of precast structures.

a. Basic assuniptions. Stresses should be calculated in accordance with fhe )
laws of mechanics and the yecognized general principles relating to the design’

of reinforced and prestressed'concrete. '

b. Connections and joints. The design of connections is of .fundé.ifﬁen‘tal‘ o
importance in precast concrete construction; attention is therefore drawn to ' -
Clauses 346 and 413, : o

Joints to allow for movements due to shrinkage, thermal effects and possible -
differential settlement of foundations are of as great importance in precast ;' -
concrete as in in-situ construction. The number and spacing of such joints;"
which should be,left to the discretion of the designer due to. the many factors
involved, should; be determined at an early stage in the design (see Appendix C).

c. Dimensiondl tolerances. Attention is -alsodrawn to “the dimersional - |
tolerances described in Clause 407. - Con |

. Skabi it The engineer responsible for the overall stability of the structure should
ensure the compatibility of the design and details of parts and components.
There should be no doubt of this responsibility for overall stability when all

or some of the designs and details are not made by this engineer,

o d Stabili'ty. The structure shoi;ld be desngnedtosuppuortloadscausé"dby : R A '
normal function, but there should be a redsonable 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 3 L
structure (e.g. flour mill, chemical plant, etc.,), it may be necessary in the

design concept or a design reappraisql 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 ifin a damaged
condition. - ' | '
The recommendations given in Clauses 361 to 363
structure together, and on the plan form of the buildi
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; accident
which are not defined as normal loading. These accidental |c

inclusive on tying the
ng, aim at enabling the
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- produce local damage, but the recommendatlons have as thelr objectlve the
limitation of the extent of such damage : ‘. = :

The prommence given to such aims will de pend mamly on the probable
risk of a hazard occurring, and the consequerices of failure: Two standards of .
strength are’ rec.ommended The higher standard is for buildings, defined as"
Group [ in Subclause 362a, which are de31gned not only for normal loads but
also for the abnormal condition that the damage resulting from the removal
- of any smgle structural member, other than one purposely desxgned to res13f
~ accideiital removal, is restricted to a small part of the building. The lower - ’~\

." standard is for those. buildings whtch are not reqmred to satlsfy the abnormal
condition for Group L .

Clauses 361 1o 363 inclusive do. not apply to large- panel structures to thCh
Clauses 903 to 908 inclusive to Addendum No.1 (1970) to this Code apply,
unless they satisfy the,,ertlcal tie requirements of Subclause 362¢. Those. '

" large-panel structures which do satisfy the vertical tie requirements of

- Subclause 362¢ are not sub]ect to Clauses 903 to 908 of the Addendum‘
referred to.” -

SR P JRSESSRN ! - - . . - -

302. Loadmg and dlstnbutlon ot' concentrated loads.

a. Loading. The 1mposed loads should be in accordance w1th CP 3
Chapter V*. For the purpose of calculatmg dead loads, the weights of materials
should, unless otherwise agreed, be those in B.S. 648t. For concrete made with

.normal aggregates and reinforced with about 2 per cent “of steel, the weight of
reinforced concrete may be.taken as 2400 kg/m®. If aggregates of a density in
excess of normal (i.e. a specific gravity of 2-6) are used, or if the amount of
reinforcement significantly exceeds 2’ per cent, some greater weight may be
appropriate; similarly, if lightweight aggregates are used, a lower weight may
be taken. In either case where other than normal-weight aggregates are employed,
the unit weight of the concrete should be determined by test.

It is of the utmost importance that the loads occurrmg durmg handhng and.
construction be considered at the design stage '

b. Distribution of concentrated loads on slabs. (1) Wtde slabs Where the
-effective width of slab assumed to resist the concentrated load is less tha.n the
actual width of the slab unit, allowance should be made for the bending moments
due to concentrated loads using methods based on the elastic theory, such as
those of Pigeaud or Westergaard, or other acceptable method. Alternatively,
allowance. should be based on the load-factor method of desagn on the same -
basis as given for slabs with umform loads in Method 3 m Clause 318 |

* CP3, ‘Codeof functlonal requirements of tuildings *, bhaptet ‘V,- I_.;,,admg .
t B.S. 648 * Schedule of wetghts of building materials’.
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If a slab is simply supported on two opposite edges‘and carries one or more
concentrated loads in a line in the direction of the span, it should be designed
to resist the maximum bending moment caused by the loading system. Such
bending moment may be assumed to be resisted by an effective width of slab
(measured parallel to the supports) as follows: -~

1. For solid slabs, the effective width may be taken as the sum of the load
width and 2-4x (1 — x/I), where x is the distance from the nearer support
to the section under consideration and / is the span. ,

2. For other slabs, except_"wherc;‘specially. provided for, the effective width
will depend on the ratio of the transverse and longitudinal flexural
rigidities of the slab. When these ‘are about equal, the value for the
effective width as given for solid slabs may be used, but as the ratio

" decreases a smaller value should be taken. The minimum value which
need be taken, however, is the load width plus 4x//(1 — x/{) m, where
x and / have the same meanings as in 1 above; so that, for a section at
mid-span, the effective width is equal to 1.m plus the load width, -

3. Where the concentrated load is near an unsupported edge of a slab, the
effective width should not exceed the value in 1 or 2 above as appropriate,
nor half that value plus the distance of the centre of the load from the
unsupported edge (see Fig. 1). ..~ .. ‘ S

- 4 : [i o *‘.‘-;l. ‘
o ST Ty
Unsupported edge..-—%:y o /F:f?eétjye‘.w“idth.
'Sl 5 * - *Wldth
><\ ! 03¢ < -
l2x (-8 L 7

Fig. 1. Effective width of solid slab carrying a concentrated load néar an -
. - unsupported edge ' :
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(ii) Narrow slabs. The type of slab construction dealt with in this Subclause
comprises precast units, generally of box-section, I-section, or inverted U-section, .
closely laid side by side and supported at the ends on beams or walls. Reinforced
concrete ribs, cast in situ between the units, with or without topping, may be
employed for additional strength. |

Where precast floors are so constructed that the loads can be effectively
transferred between the units, the distribution widths may be determined in
accordance with paragraph 1 of Subclause (i) above, but should not exceed the
load width by more than the width of three precast units and joints where there
is no- topping, or the width of four precast units and joints where there is a
topping at least 30 mm thick. -

Such floors ate not considered capable of provxdmg effective lateral distribu-
tion of partition lcads as referredto in CP 3, Chapter V¥, Clanse 2,{\owse 2+

Partitions running in the direction of the span of such ﬂoors should be
treated as prowded for concentrated loads.

TABLE 3. PERMISSIBLE STRESSES IN REINFORCED CONMCRETE
WHERE AGGREGATES COMPLY WITH B.S. 832t OR B.S. 10471

- Permissible stresses

F Compressive Bond

Works

Grade of cube
concrete | strength o _

- /TS ' Due to Average (see{ Local (see

bendin Subclause Subclanse

g 315q) 315b)

N/mm? | N/mm? | N/mm? N/mm? N/mm? N/mm?

21 58 77 0-7 0-83 1-25
255 70 9-3 08 093 1-40
30 82 11-0 09 1-00 150

40 11-0 14+7 09 1-00 1:50
50 13-7- 183 09 1-00 150

* Intermediate ty Uy, | Linear interpolation in the above
within the above ‘65 ¢ 273 figures

Stresses in excess of 15 N/nun® should be used with caution,

* CP\3 * Code of functional requirements of bulldmgs ', Chapter V, * Loading*.
t+ B.S. 882 * Concrete aggrzgates from natural sources’
t B.S. 1047, * Air-cooled blastfurnace slag coarse aggregate for concrete ®
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303. Permissible stresses in concrete. :
NOTE. For penmssxble stresses m llghtwelght-aggregate concrete, ses Clause 349

a. Remforced concrete. The stresses in remforced concrete should not exceed
the values given in Table 3, appropriate to the grade of concrete,
For modifications to the per-issible stresses given in Table 3, see:
Subclause 303¢ for age at loading,
. Clause 307 for wind forces, '
Subclause 315k for bond stresses where fk&?or mac!bars are used,
~ Subclause 311¢ for slender beams, = - -
Subclause 315 f for local stresses at bends in bars.'

TABLE 4. PERMISSIBLE COMPRESSIVE STRESSES N ,
PRESTRESSED CONCRETE WHERE AGGREGATES COMPLY
WITH B.S. 882* OR B.S. 1047t

§ _ , Permissible compfeséive stresses

Nature of loadir'g'g e . Grade c';vf concrelt:e',-- . Intermediate
o 3 =" and higher
C D | E grades

.ll.-

N/mm? N/mm? | N/rﬁm"

Maximum working load.

In bending - 110 147 . 183 =

273

In continuous beams and other statically indeterminate
structures these figures may be increased, within the
range of support moments, to

- / 132 17-6 22:0

In direct compressfbn 82 11:0 13-7

Wind loading : As for maximum working load plu.é 25 per cent provided
the excess is due solely to wind forces -

Transfer 0-5u, for a triangular or roughly triangular distribution
of prestress; 04w, for a uniform or approximately
uniform distribution of prestress; or 22-5 N/mm?
whichever is the less

* B.S, 882, ‘Concrete aggregates from natural sources’,
-t B.S. 1047, *Air-cooled blastfurnace slag coarse aggregate for concrete *.
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.b. Prestressed concrete. The permissible stresses given in Table 4 are for the
purpose of the design of structures generally. In beams, permissible stresses may
require further limitation in accordance with Clause 326 as regards ultimate o
strength, which is an overriding consideration, or in accordance with Clause 334
as to deflection. - L .

(i) Compressive stresses. The compressive stresses in ébncre’tefsihbu_id-:}.r
not exceed those given in Table 4 where: - - o

u, is the specified minimum concrete cube strength at_t:aﬁsfer; .‘;;.\ -

Compressive stresses at working load in the concrete in excess of 22-5 N/mm?
should be used with caution. - ST ST
Where the stress at transfer approaches.the limit given in Table 4, the '
allowances for losses must be carefully considered and working stresses restricted ~ & -+
to proper values, C e
Where bond between the concrete and the steel is relied on for the imposition .
of the prestress, the cube strength of the concrete at transfer should preferably
be not less than 35 N/mm? (see Subclause & (v) below). A lower étreng'th.which D
should never be less than 27-N/mm® may be accepted where the Engineer is ©
satisfied that adequate anchorage of the tendons by bond will be obtained and -
the increased losses of prestress have been allowed for. , o
In post-tensioning systems, the cube strength of concrete at transfer should
preferably be not less than 27 N/mm®. Uniis which are to be post-tensioned
-may be lightly prestressed at lower standards in order to control shrinkage or
to offset stresses arising from the handling of units, In these cases the maximum
stress applied to the unit should not exceed one half of the strength of the
concrete in the unit at the time of application, :

(ii) Tensile stresses due to bending. The tensile stresses due to bending
under maximum working load should not exceed those given in Table 5. These
stresses are appropriate to a member or structure which acts as if monolithic, |
but no tension is permissible at mortar or concrete joints. The stresses given in
Table 5 may be increased by up to 1-75 N/mm? provided that it is shown by
tests that such enhanced stress does not exceed three-quarters of the tensile
stress calculated from the loadings corresponding to the appearance of the first
crack. Where such increase is permitted the prestress on that face finally sub-
mitted to tensile stresses shall be at least 3-5 N/mm?® after reduction due to
shrinkage and creep, Pre-tensioned steel should be well distributed throughout
the tensile zone of the section; and post-tensioned steel should be supplemented,
to control cracking, by steel which need not be prestressed, located near the
face of the member finally submitted to tension.

Where the maximum working load to be considered is of a temporary nature
and is exceptionally high in comparison with the load normally carried, a
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TAU B s, PERMISSIBLE BENDING TENSILE STRESSES IN
PRESTRESSED CONCRETE, WHERE AGGREGATES COMPLY
'~ WITH B.S. 832* OR B.S, 10471‘

| Post-tensxoned steel with
Pre-tensmned steel adequate grouting and bonding

Gfradedfcbncr‘ete, S S I E* 7— c oD E

N/mm# | Njmm® | N/mm?

 Maximum working load loftenl .
occurring and/or of long dura—-‘
tion : ‘

Maxlmum working load rarely
occurring and of short duration,
e.g. wind and snow loadlng on . R T A N
- roofs 30| 34| 19 | 20 | 22

higher calculated tensﬂe stress than that glven in Table 5is penm551ble prov1ded
that under normal conditions the stress is compressive to ensure closure of any
cracks which might have occurred. -

The tensile stresses at transfer should not in general exceed those gwen in
Table 6. However, at the discretion of the Engineer, these stresses may be
increased for a short period not exceeding 48 hours; the increased tensile stresses
should preferably not exceed twice the values given in Table 6.

TABLE 6. PERMISSIBLE BENDING TENSILE STRESS AT
TRANSFER IN PRESTRESSED CONCRETE WHERE AGGREGATES
- COMPLY WITH B.S. 882* OR B.S. 10471'

Cube strength of con-.
. crete at transfer Permissxble tensile siress

N/mm? N/mmB '
205 1.0
30 12
40 - 14

50 ) 15

* B.S. 882, ' Concrete aggregates from natural sources’.
 B.S. 1047, Au'-coolecl blastfurnace slag coarse aggregate for concrete’.
1 Included for interpolation purposes, for post-tens:onmg only.
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(iif) Direct tensile stress, The stress in direct tension {shdi‘ﬂd‘hot-‘exc;ééd[-'
one-half of the permissible bending tensile stress given in Tabie 5 for the appro-

priate conditions of loading and specified works cube strength. - . -

(v) Principal tensile stress. The principal tensile stress ba'séd. on an '
analysis relating to the possibility of shear failure is dealt with in Clause 328. .
(v) Bond, In pre-tensioning, gdpdibond_be_twéen the concrete and -.th‘?",

tendons is essential.

+he bond length necessary to transmit the full prestressing force in a tendog, ©
- to the concrete wiil depend on the degree of compaction of the concrete, the -

diameter of the tendon and its deformation. As-far as possible the Engineer
should determine the bond length from experimental evidence. Information is
not extensive, but the available experimental data have led to the conclusions

which are summarized in the tollowing paragraphs.

particularly important that the ends of units should be well ‘compacted, In
addition the deformation of the wire, e.g. crimping, has an important influence ' -
and to a lesser degree size and shape of the Ccross-section of the wire. In view o
of these variables the following general recommendations should be considered

in relation to the known site or factory conditions: i o
L. For factory-produced units using plain or indented wire or wire with a

small offset crimp (e.g. 03 mm offset, 40 mm pitch), a bond length of -
100 diameters may be assumed when the ends of . the' units are fully -

compacted and the cube strength of the concrete at transfer is not less
than 35 N/mm?, ‘ S
2. For units using wire with a considerable crimp (e.‘g. 1 mm offset, 40 mm

pitch), a bond length of 65 diameters may be assumed when the ends of

the units are fully compacted and the cube strength of the concrete at
transfer is not less than 35 N/mm?2, ' o
3. The development of stress from the end of the unit to the point of maxi-

mum stress is such that it may be assumed that 80 per cent of the maximum

stress is developed in a length of 70 diameters for the conditions mentioned

in 1 above and in a length of 54 diameters for the conditions mentioned

in 2 above, _ ,
4. Where the cube strength of the concrete at transfer is Jess than 35 N/mm?
the bond lengths are likely to be greater.

(Vi) Temporary stresses during handling and construction, Stresses during

handling and construction may, for short periods not exceeding 48 houirs,

ok

has been shown to be an import:nt factor in -
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¢.  Increases in permissible stresses’ in reinforced concrete. made with cements
other than high alumina; in respect of age at loading. Where it can be shown that
a member will not receive its full design load within a-period of 28 days after
the casting of the member (for example, in the Iower columns of multr-storey-.-
buildings), the permissible compressive stresses gwen in Subclauses 303a and b
may be increased by multlplymg by the factor given in Table 7.

TABLE 7. FACT OR FOR PERMISSIBLE INCREASES IN
COMPRESSIVE STRESS IN CONCRETE AT AGES BXCEEDING

Minimum age of member when ‘
foll design load is applied (months) Age factor

1 10
e
3L 1416
6 1 1
12 i 124

. Theage factors in Table 7 are not dlrectly apphcable to the shiear and bond
stresses given in Table 3. The, 'permissible shiear and bond stresses conespondrng
to the increased compressive stresses permlssrble under this subclause should
be obtained from the following, where uq, is the product of the age factor given
in Table 7 and the works cube strength iy given in Table 3 approprlate to the
grade of concrete: . |

1, shear stress = ( =+ 0 27) N/mm?, but not grcater than 0-90 N/mm?;
2. average bond stress =
u‘"’ + 0- 40) N/mm?, but not greater ‘han 1-00 N/mrnB

3. local bond etress ==
(2:‘“ -+ 0 67) N/mm?, but not greater thanl -50 N/mm?,

d. Precautions to minimize wzdth of cracks. In the design of shallow or slender
members it is essential that the tensile reinforcement should comprise small
diameter bars well distributed over the tensile zone of the member so as to
avoid the development of wide cracks which would occur with a small number
of bars of relatively large diameter. In deep beams of rectangular or T-section it is
advisable to place some of the tensile reinforcement, or additional reinforcement
(such as mesh) over the entire tensile zone parallel to and near to the sides of
the web so as to avoid the development of wide cracks above the lowest part of
the web, where usually the tensile reinforcement is placed.
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With shallow or slender Pprecast members it is further recommended to.
provide additional compressive reinforcement so as to avoid the development - -
of large deformations due to creep. B P SRR
Care should also be taken to ensure that excessive stresses do not occur in .
the anchorage zones of hetormed bars, and in particular that adequate binders ¢ &
are provided to resist tensile stresses at these points. See also Subclause 3151 . ‘

304. Permissible stresses in reinforcement. | | _ Lo

a. General. The:ténsile and compressive stresses in steel reinforcement .
should not exceed those shown as appropriate for each designation of stress in- -
Table 8. R e e

The guaranteed yield or proof stress referred to'in this table is the guaranteed .-
yield stress of the completed bar as'produced in readiness for use in reinforced
concrete, _ IS S S e

b. Tensile stresses. In determining the permissible tensile" stress, regard '
should be given to the need for avoiding undesirable cracking. Limits lower = -
than, those given in Table 8 may have to be adopted in circumstances of exposure * -
to corrosive influences.. R g

TABLE 8. PERMISSIBLE STRESSES IN STEEL REINFORCEMENT

Permissible stress'(l\;.llmm’) o .
Mild steel bars-to B.SM-W)T ‘ S co & g
- : . and all plain bars = S o B
Type of stress - Alldormd bars, and high-yield .
g Effective | Effective. | wire mesh, having a guaranteed
diameter | diameter |  yield or proof stress
il (ot exceeding | exceeding o :
NP 40 mm 40 mm _ . )
Tensile stress oth;;-.‘r 7140 125 0-55f,;| but not more: than 230 , |
than in shear R R for bars with an effective diameter _
reinforcement . | not exceeding 20 mm. -
N 0-55f;, ‘but not more than 210 °
for bars with an effective diameter
exceeding 20 mm AP
o )
Tensilef:.stress in shear 140 125 0-55f, but not more than 175
reinforceiaent |
i .
Compressive stress |, 125 110 | 055 f» but not more than 175
where f, = the guaranteed 1_‘,;j_ie1d or proof stress or speciﬁed-characteristid':sirehgfh., o
*B.S. 4449, ‘Hot rolled steel bars for.“!he_ reinforce. ment of concrete’. A
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For modlﬁcatlons to' the perm:ssxble tensxle stresses g:ven above see '
Clause 307 for wind forces. . : ‘

c. Compressive stresses. Cornpresswe stresses 1n remforcement in- beams or
slabs may be calculated as follows: e - oo
1. As giving assistance to the concrete usmg the elastrc theory or, alterna-
tively,,on a load-factor basis. In the former case the steel stress should be -
15 times the stress'in the concrete at the same distance from the neutral:
axis provided the steel stress does not exceed that glven in Table 8. For.steel
. stresses when the load-factor basis of calculation is used, see Clause 313,
. As taking the whole compressxon, when the stresses grven in Table 8
should be used. - :

For medifications to the perrmssrble compresswe stresses glven above see:

Item 1 above for beams or slabs designed on elasttc theory,
Clause 307 for wind forces,
- Clause 313 * for beam or slab sectlons demgned on a load-factor basxs

, d. Guaranteed yield stresses. For the purposes of this Code, the yield stress
or proof stress should be as glven in B S. '-f-‘—j-"f\9 RS Wit b\ " or BS H-LBTX

305 Permissible stresses in prestressmg steel

a. - Hard-drawn steel wire, The initial tensrle stress in hard-drawn steel wire
complying with : B.S. 2691 Qnshould not exceed 70 per cent of the specrﬁed
'minimum tensile strength. Temporary overstressmg is, however, allowed as in
Subclause 3065, : 2 . :

b. Stress relieved strand The mmail te\n\sﬂe load i in a stress relieved strand
complying withBSast7llor B.S. 47574 B0t exceed 70 per cent of the specified
minimum breaking load. lemporary overloadmg is, however, allowed as-in

Subclause 3065. : v

c. Alloy steel bars. With post-tensioned bars the initial tensrle stress should
not exceed 70 per cent of the ultimate strength or 85 per cent of the 0-2 per cent
proof stress, whichever is the less.

With pre-tensioned bars the initial stress should not exceed 75 per cent of
the ultimate strength or 90 per cent of the 0-2 per cent proof stress, whwhever
is the less. o :

d. Sequence of prestressing. The order in WhJCh wires or cables formmg part
of a prestressing tendon or the separate tendons in a structure are to be stressed
should be such that the permissible stresses in concrete and steel are not at any
stage exceeded. The order should be decided by the Engineer responsible for
the design and should be shown on the working drawings. ,
#B.S.4449 ‘Hot rolled steel bars for the reinforcement of concrete !
fB.S. 4461 ‘Cold worked steel bars for the remforcement of concrete
$B.S. 4482 ‘Hard drawn steel wire for the reinforcement of concrete’.

§B.S. 2691 ‘Stee] wire for prestressed concrete’.
IB.S. 3617 ‘Seven-wire steel strand for prestressed concrete™. =~
4B.S. 4757 ‘Nineteen-wire steel strand for prestressed co_rt'c_r_et’. N
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;- 306. Loss of prestress, S o o o

Y a. General, Allowances should be made for losses of prestress in accordance. .
with the recommendations given in. Subclauses 4 to g below. The numerical
values for calculating the losses, given in succeeding paragraphs, are recom- -
mended for the desigtv of prestressed concrete ‘members_under normal. con-

ditions. It should be noted, however, that sorme revision of these values may be
necessary in estimating the total loss of prestress for certain aggregates, cements

other than Portland types,. unusual conditions of exposure’ or where new -
processes or.materijals are introduced, - e e T

b. Loss due to relaxation of steel. For the maximum permissible initial stress

. 8iven in Subclause 305g, it is tentatively recommended that the loss of stress,

~ due to creep of steel, be taken as 100 N/mm? for cold-drawn wire to B.S. 2691*, -
This figure may be reduced to 70 N/mm? for stress relieved wire to B.S. 2691%, |
or where the wire is over-stressed by 10 per_cent of the initial stress for a period. «
of two minutes during the tensioning operation. It may"“be reduced to a still
lower value.at the discretion of the Engineer when. experimental evidence is
available, Such evidence should be based on tests of at least 1000 hours duration X
with an initial stress of 70 per cent of the tensile strength of the wire (for informa- .
tion on the relaxation testing of wire, see B.S. 2691*). For other types of pre-
Stressing steel, the value for the loss should be assessed by the Engineer on the .
basis of experimental evidence, - C e | ' y

¢. Loss due to elastic deformation of the concrete, The values given in Table 9 N
should be used only for calculating the immediate Ioss of stress in the tendons
due to elastic deformation of the concreté at transfer on the assumption that =~
the modulus of elasticity of the steel is 195 kN/mm?, T
 For pre-tensioning, the loss of stress in the tendons at-transfer should be
taken as the product of the modular ratio and the stress in the adjacent concrete, ’

For members with post-tensioned wires or bars which are not stressed .
simuitaneously, there is a progressive loss of prestress during transfer due to”" .
the gradual application of the prestressing force. The resulting loss of stressin';, "
the tendons should be taken as half the product of the modular ratio and the-
stress in the adjacent concrete. | e AN

In calculating the loss dye to elastic deformation of the qoncrete,‘ it,'is usually
sufficient to assume that the tendons are located at their centroid. o

d. Loss of prestress due:to shrinkage of the concrete. The loss of stress in the -
prestressing steel due to shrinkage of the concrete should be calculated from -
the modulus of elasticity for steel given in Clause 306¢, on the assumption that: ‘.

1. for pre-tensioning the ultimate shrinkage is 0-03 per cent, and
2, for post-tensioning at between two and three weeks after concreting the
subsequent shrinkage is 0-02 per cent. o

* B.S. 2691, * Steel wire for pre-stressed concrete *.
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b VRRRTARE
TABLE 9. VALUES' OF MODULUS OF _ELA'STIC'IH*’A:«"OF
PORTLAND CEMENT CONCRETE WHERE AGGREGATES -
~ COMPLY WITH BS. 8¢ . . "}
(for use only in calculating the immediate loss of stress in tendons) - -

'f::'

Cube strength of concrete at* |- Modulus ‘of elasticity, .
the stage considered’”. . | ' of concrete L
o N/mm? - KN/mmr
20 20
T . : : W
.55 o 41 - 0 L@
ST 45 . " |

V-ow

. For pdst—téhsi:ﬁn gff%fi"-l.es&time, an intermediate ,\{ql_ye .,betweéﬁ 0-02 and

0-03 per cent should be chosen, "~ “ - S

When it is necessary to determine the deformation of the concrete’ due to
shrinkage at some stage before the ultimate condition is reached it may be
assumed that half the total shrinkage takes place during the first month after
transfer and that three-quarters of the total shrinkage takes place in the first

six months after transfer.

e. Loss due to creep of concrete. The loss of stress in the prestressing steel
due to creep of the concrete should. be calculated on the assumption that creep
is proportional to the initial stress in the concrete for the permissible stresses.
recommended in this Code. The loss of stress is obtained from the product of
the modulus of elasticity of the steel'as given in Subclause ¢ above and the creep
of the concrete adjacent to the prestressing steel. Usually it is sufficient to assume
in calculating this loss that the tendons are located at their centroid. -7

For pre-tensioning where the specified minimum cube strength for the
concrete at transfer is greater than 40 N/mm? the creep of the concrete’ per
unit length should be taken‘as 48 X 10~¢ per unit stress (in newton and mm
unifs). For lower values of specified minimurn cube strength at transfer the
creep per unit length should be assumed to be o PR

48 X 10-°% x g-(—) per unit stress (in newton and mm units)

* B_,‘-S.--BS i ‘Concrete aggregates from natural sources ’.
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