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Foreword o SR S

L : : ,;1?’ " ‘ IR
In January 1964 the Institution of Structural Engineers appointed a Structural Codes Advisory Committee :
to provide means of avoiding inconsistencies between and within the various structural Codes. Panels were P
appointed by the Committee to provide information and draft clauses on the following subjects:which are ' '
commoa to two or more Codes: Basic features of design, Concrete, Reinforcing and prestressing steel, Shear,

- Fire resistance, Inspection, Testing and Workmanship, In October 1964 three new Code Drafting Committees

- were convened each to consider the revision of one of the following Codes:' - : ‘ = .
CP 114: The structural use of reinforced concrete in buildings =~~~ e LTE
CP 115: The structural use of prestressed concrete in buildings ‘ . B
CP 116: The structural use of precast concrete Lo S S TE L e

- Ny : s ]
and to doso in the light of the work of the European Concrete Committee (CEB) with particular considération
o 10 inzorporating the design theory of limit states, ' ] Ly o

g As the work of these Code Drafting Committees and Papels proceeded it became clear that it was time to
gather together their work and to cover in a new unified Code the widest possible range of concrete con-

struction. This has been done in the present document which iﬁ,int.;nded to replace in due course the existing . L
: Codes of Practice CP 114, CP 115 and CP 116. The Draft for Comment was circulated in September 1969
} and a: the beginning of 1970 a new Committce was formed to consider the large volume of comments,and . -
e to undertake. the fina! stage of the dralting. ) e B
The international studies and researches of the European Concrete Coniimittee, which was formed in 1953, -
i led 10 the publication in 1964 of the Recommendations for an International Code of Practice for Reinforced
Concrete in which the concept of limit states' was:introduced in place of a single failure criterion, In this- <.
concept, consideration is given 1o safety and serviceability at all stages of structurai behaviour: viz, elastic,
plastic, crz' ked and ultimate. Normally three liniit states are considered: the limit state of ultimate strength
and the serviceability limit states of deflection and cracking under service loads. The chance of reaching the
limit state of ultimate strength is made very remote and much smaller than the chance of reaching ik ser-= -
: viceability limit state of deflection or the chance of reaching the serviceability limit state of cracking, The aim
S in limit state design is to ensure that the chance of each limit state being reached is substantially constant for
o all members in a structure and is appropriate to that limit staté and that consequently there is an adequate L
I degrez of safety against the structure becoming unfit for use, ™ I : R
A [n February 1965 a revision of CP 114 (1957) was published as Amdendment No. 1 (PD 5463), bringing -
. CP 114 uptodate and in line with the new CP_116 : 1965 * The structural use of precast concrete * which was™ . R
o published simultaneously. The design clauses of the two Codes provided for the strength of members to be'
.. assessed by the then commonly employed elastic or modular ratio” theory or, aiternatively, by the load
- factor method which had been introduced into CP 14 in 1957. The elastic theory is concerned with the . .
: equilibrium at working stresses of the forces and moments due to the actual loads, the working stresses being S
the ultimate stresses reduced by a factor of safety. = : . ’ o
In contrast, the load factor method is concerned with the equilibrium ‘at ultimate stresses of the forces and
_ moments due to the actual loads multiplied by a load factor. Thus, in the design praicesses for the two methods, | ‘
. the design load for the elastic theory is the actual load whereas in the load factor method thﬁx_désign load is Lhe“~-” ' a
actual load multiplied by the load factor; also, the design stresses in the elastic theory are the ultimate stresses '
divided by the factor of safety whereas in the load factor method the design stresses are the full ultimate
stresses, [t was felt that if the two methods were to be expressly permitted in one document then the strict .
interpretation of load factor theory would have to be modified in order to a_oiq_ilhe confusion of having
different design loads and stresses in the two processes. AT o Lo
The load factor method was consequently introduced in terms of working loads and the working itresses
specified for the elastic theory with the difference that the plastic stress-strain relations for uhimarte‘fc‘-ﬁhdl.:,t"ions
were to be assumed in place of the elastic relation of Hooke's law appropriate to-working loads apd the -

AT

o
TR

elastic theory. The modification is immaterial Whenever,: ‘ e i
‘ ' stress due to (unit load x load factor)

stress dueito (unit load)"

- T . L

i

= [oad factor -~ " PR
! 0 ’ . ‘

. . . e R En T N/ T
This relation self evidently applies to simply s.'flpported beams but it can only apply to, cases of combifed .

bending and compression when both the axial and bending actions are increased proportionally; ngglec’i . .
of this condition in the design of towers where the overturning forces can 'increase without a corresponding
| C.og . ... Decuments
\‘ o “ . , - 'L : ) . ] .. ’ - 4 ."“ oy
L ~ Bt A13 S o ) Jmes 2271
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increase in the rcstormg forces has led to the factors of sal‘ety agamst ovcrturmng bemg much sm'iller than
intended. The general acceptance of the toad factor method in the course of the last fifteen years has made it
possible to omit from this Code any explicit reference to the modular ratio or elastic thcory and, consequenlly
to make the |mpor(ant clarification of expressing the strength and stab:]uy requirements in terms of{ulumate
loads and stresses in strict conformity with ultimate load theory. or more prcmscly the theory ofllmn states
which has been developed over the years in question. A '

In drafting the Code account has been taken of all available information but msufﬁmcnl rclevar:l slatlsucal _
data are available to enable a design method in complete accord with probab:l:ty theory to be devcloped.
However, by the introduction of two partial safety factors, one applicd to the material slrcngth the otherto
loads and both based on curreni practice, it has been poss:blc to develop a design méthod which ensures that
the probability is acceptable that the limit states will not be reached. The main reason for adopting two
partial safety factors instead of one overall factor is to cnable the unccrlumltcs in assessing the loads and _ 4
their infiuence on the structure to be considered separately in design from the uncerta:mlcs associated \wth"’ =
the performance of the constructional materials. Subsequenlly it will simplify the incorporation of amcr.d-
ments to the Code as new knowledge becomes available with regard to variations in loads and slrenglhs

Section 3 covers the design and detailing of reinforced concrele and includes information not prrwously
codified. A more realistic approach is made to column dcsugn and this is extended to cover the dcs;gn of walls.

The clauses on defiection are now included. Although the use of spw/depth ratios is’ “still recom.ncnded the
values given are not so arbitrary and they can be adjusied to take account of mosl of the /f"clors affecting
deflection. A detailed method of calculation of deflection is given in Appendix A: Full account-has been taken
of recent researgh work in the clauses dealing with shear torsion and cracking. Towards the end of the
drafting the Committee was assisted by the ﬁndmgs in' the revised CEB-FIP docﬁ/mcnt ‘Intcrnauonal
recommendations for the design and construction of concrete strut.lurcs whlch was publlshcd in Junc 1970
and embraced preslressed as well as reinforced concrete. . : noory

In recent years the stability of structures under accidental loadings has assumcd conmdcrablc :mportancc '
because of the evenis leading up to the introduction of the Fifth Amendmcm to the Building, Regulations.
The Committee has glven serious consideration 1o the requirements to pre? ‘ent damage disproportivnate to "'
the original cause and, in both Sections 3 and 5, clauses prowde for ties te, ‘Fesist the spread of damage. These
clauses take account of all the previous recommendations and are believed to represent a balanced solutlon
to an intractable problem. ., ,

Recent research following structural collapses in 1973 and I974 has considerably altered the understandlng Asuutied
of the behaviour and sensitivity of high alumma cement concrete. As.a result of both the research and the '
events themselves there is not, at this time, the COnsensus of opinion necessary for agreement on recommenda- -
tions for the structural use of this material. Section: 12, High Alumina Cement Concrete, of the 1972 issue of this
Cnde has therefore been withdrawn and the Code no longer, covers the structural use of concrete ‘made with
high alumina ccment, . Consequently an engineer wishing to specify concrete made with hlgh alumina cement
must rely entirely on his own engmecrmg ]udgemcnt without gmdancc from lhlS Code of Practnce
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Brltlsh Standard Code of Practrce for
The structural use of concrete

Part 1 DeSIgn materlafs and workmanshlp

L o

1. 5Gener‘él‘

e

11 Scope

dsamended This Code of Practice deais with’ the structura! use ol concrctc in bu.ldlngs and structures. The recom-
e 1977 mendations for stability given in this Code have been prapared on the assumption that all the load bearing
elements (c.g. slabs, columns, walls etc.) are of concrete. In a building where concrete elements such as floor
“slabs, walls ete, are used in conjunction with load bearmg clements of other materials, the principles recom-
mended for stablllly in 2.2.2 remain appropriate. However, the ties recommended in 3.1.2.2 as part of the
means of satisfying the principles of 2. 2.2 will be required only when adequate stability is not provided by
other means. This Cod.c may be uscd in place of the following Codes of Pracllce which will still continue o

exist,

“cr I4ﬁ The structural usc of reinforced concrete in buildings
CP I15: The structural use of prestressed concrete in buildings
CP 116: The structural usc of precast conerete.

dradded - However, clauses rom the above Codes must not be used in the same design with clauses from this Code.
Where appropriate British Standards are available for precast concrete products such as kerbs, pipes etc.:
" itis notintended that this Code should replace their more specific requaremcms
The code has been published in th rec parls:

Part }: Design, materinls and workmanslup
Part 2: Design charts lor singly reinforced beams, doubly reinforced beams and rectangular columns
Part 3: Design charts for circular columns and prestressed beams.

The design charts in Part 2 and Pait 3 have been prepared in accordance with the assumptions laid down
in Part I, with the intention that they may be used as standard chatts and s0. avoid duplication of effort
by individual design offices. :

It has been assumed in the diafting of this Code that lhc design of rcmf‘orccd prestressed and precast

concrete is entrusied to chartered structural or civil engineers, appropriately qualified, for whose guidance
iL has been prepared and that the uxccuuon of the work is carried out under the direction of appropriately

.qualified supervisors.

Asudiod - This Code docs not cover lhc structural use of concrete made with high alumina cement.

NOTE. The titles of the British Standards referred 1o in this Code are listed on 1he inside back cover.

1.2 Symbols

~The symbols used in this Code arc as follows. For an explanation of the derivation of these symbols, reference
should be made to Appendix F. -
Area of concrete
Area of effective concrete flange
Area of prestressing tendons
Arca of compression reinforcement
Arca of compression reinforcement in the more highly comprcsscd face
Area of tension reinforcement
Area of reinforeement in other face (see 3.5.5.3)
Arca ol longitudina! reinforcement (for columns)
Cross-sectional area of longitudinal reinforcement provided for torsion
Aren of tension reinforcement provided
Area of tension reinforcement required
Cross-scclional arca of the two legs ol a link

10

B35
% 2273
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A . L

Deﬂectlon T L ' 3
Dmance from compressmn face to the pomt at Whlch the crack wulth is be.ng calculated
LD stance between.bars "

Dlstancc. of the centroxd of the concretc ﬂange from the centrmd of the compos:te sectlon
D1stance from the point (crack) conSIdered to the surface of the nearest longltudmal bar .
. Distance of the’ centrmd of the stcel from the centrmd of the net concrete secnon o
- Width of section - LT - ‘

Breadth of compression face ,!“; % o

Width of contact surface (between in situ and precast components)

Breadth of section at level of tension remi‘orccment

Breadth of web or ribof a member

Torsional constant (see 3.3.7) -

Minimum cover to tension stcel

Dens:ty of concrete at time of test

Effective deptli of tension reinforcement

Depth to compression reinforcement

Depth of concrete in compression S R B K
Depth to centre of compression block ST T T S faedied
Depth to additional reinforcement to resist honzontal loadmg o e e
Effective depth in shear (see 43.5.3) = ST T
. Depth to reinforcement (sce 3.5.5,3) - R S S
Static secant modulus of e!asumty of concrete - -

Modulus of elasticity of flange concrete

Dynamic tangent modulus. of elasticity of concrete

Modulus of elasticity of steel

Eccentricity

Base of Napicrian loganlhms

Additional eccentricity due to defections in walls

Resuitant eccentricity of load at right angles to plane of wall

Resultant eccentricity calculated at top of wall

Resultant eccentricity calculated at bottom ‘of wall

Ultimate load

Anchorage value of reinforcement

Tensile bursting force SO

Tensile force due to ultimate loads in a bar or group of bars

Horizontal component of a Joad

Characteristic load

Tie force

Maximum verticai’ ultxmate load

Horizontal force on stiffened section of wall -

Bond stress

Concrete strength at (initial) transfer .

Stress in concrete at the level of the tendon due to initial prestress and dead load
Compressive stress at the centroidal axis due to prcstress

Characteristic concrete cube strength

Characteristic strength

Tensile stress in tendons at (beam) failure

Effective prestress (in tendon)

Stress due to prestress (see 4.3.5. 2)

Characteristic strength of prestressing tendons

Service stress

Stress in reinforcement (see 3.5.5.3)

Maximum principal tensile stress

Characteristic strength of reinforcement

Characteristic strength of longitudinal reinforcement

Characteristic strength of link reinforcement

u

=

-

2, Oty

RS R A

S

&
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Shear modulus ‘
Characteristic dead load
Distributed dead load
Characteristic dead load per unit area-
Overall depth of section in plane of bendmg L
Maximum size of aggregate
Diameter of column head
Effective thickness
Thickness of flange .
Larger dimension of secticn
-Smaller dimension of secuon
Second moment of area’
Radius of gyration
Number of days |
Number of days of concrete hardenmg
Age at first loading
A constant (with appropnate subscnpts)
A constant (with appropriate subscripts) -
dsauiended - Distance from face of support at the end of a cantilever
-~ or
Effective span ofa sunply supported beam or slab’
Effective height of a column or.wall
Effective height for bending about the mAJor axis .
Effective height for bending about the mmor axis L Lo
‘Averageof [, and l; ‘ 7
Clear height of column between end restraints ~ .- T
Length of straight reinforcement beyond the intersection ‘with thc surrup -
Length of the shorter side (of rectangular slab)
Length of the longer side (of rectangular slab) :
Length of a slab panel'in the direction of span measured from thc cemrcs of columns“-
Width of slab panel measured from the centres of columns '
Bending moment due to ultimate loads o
Increased moment in column i
Maximum additional moment : ‘
Hogging restraint moment at an mterr.al support of a contmuous composnc beam and slab
section due to differential shrmkage
Design bending moments in flatslabs ‘
Maximum initial moment in a column due to ultimate joads (but not less than 0.05Nk) -
Initial moment about the major axis of a slender column’ due to ultimate loads
Initial moment about the minor axis of a slender column due to ultimate loads -
M,,, M,, The bending moments at midspan on strips of unit width and spans J, and l, respecuvely
Total moment in a column due to ultimate loads
M.. Total moment about the major axis of a slender column due to ultimate loads
My, .. . Total moment about the minor axis of a slendcr column due to ulUmate loads
M, Ultimate resistance moment ' '
M, Maximum moment capacity in a short column assuming ulnmate axial load and bendmg nbout
the major axis only ‘
M, Maximum moment capacity in a short column assuming ulnmate axial load and bendmg about L
the minor axis only
Moments about the major and minor axes of a short column due to ulumate loads
Moment necessary to produce zero stress
Smaller initial end moment due to uitimate loads (assumed negauve lf the column is bent i in
double curvature)
Larger initial end moment due to ultimate loads {assumed posmve)
Ultimate axial load at section considered
Axial load on a column corresponding to the balanced condition (sce 3874

a~a
L]

o~ a-_ -~
-

_—
o

e~

g

L
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Axial load capacity of a column ignoring all bending
Total ultimate load per unit area (l 4gk+1 6qk)
Number of storeys -
Axial load per unit length of wall
* Characteristic load in tendon '

Prestressing force in the tendon at the Jackmg end (or at tangent pomt near Jacklng end)
. Prestressing force at distance x from jack o :

Characteristic imposed load -

Distributed live load

Characteristic live [oad per unit area

TInternal radius of bend. UL

Radius of curvature (of a preslressmg tendon)

t .
. ‘-

. Curvature of a beam at midspan or, for cantilevers, at the support section .
. L h

K

Creep curvature
Shrinkage curvature

Curvature of a beam at point x

First moment of area of the concrete to one sndc of lhc contacl surf'ace about the neutral axis
of the transformed composite section ‘

Spacing of bars .

Spacing of links along the member

Torsional moment due 1o ultimate loads

Temperature in degrees

Time

Perimeter

Length of a critical perimeter

Shear force due to ultimate loads

Ultimate shear resistance of concrete .

Ultimate shear resistance of a section uncrackcd in. ﬂemurc (scc 4.1,5. l)

Ultimate shear resistance of a section cracked in ﬂexme

Total vertical shear due to dcsngn service load . .
Shear stress '
Ultimate shear stress in concretc
Horizontal shear stress per unit area of contact surface

Torsional shear stress ‘

Ultimate torsional shear stress

Characteristic wind load

Neutral axis depth

Smaller dimension of a link

Half the side of end block

Half the side of loaded area

Larger dimension of a link

Lever arm

A ratio of the sum of column stifinesses to the sum of beam suﬂ'ncssea ‘
Value of «, at lower end of column

Value of ¢, at upper end of column

Minimum value of ¢, and e,

Modular ratio

Angle of internal friction for concrete interfaces

Ceeflicient as a function of column axial loading
Bending moment coefficients for slabs with no provision to resist torsion at the corners or to
prevent the corners from lifting

i
‘)

-

B35
i
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By Rauo of beam moments with respect to service stress in beams (see 3..5 8.1)
Bec Ratio of total creep to elastic deformation .
Brea Ratio of the reduction in resistance moment -
B By  Bending moment coefficients fof slabs with provision to res1st torswn and to prevent Lomers
: from lifting
B, Ratio of the longer to shorter base sides
) Partial safety factor for load
Tm Partial safety factor for strength
6 Degree of hardening at moment of loading
Ecy Shrinkage strain
Ect Strain in concrete at the level of the tendon at time of Ioadmp’
€3 Strain in concrete at the centroid of the sectlon at tlme of Ioadmg
Differential shrinkage strain
&m Average strain
& Strain at the level considered
Relaxation coefficient
Angle between the compression face and the tension reinforcement
Coefficient for walls dependent upon dxmens:ons and concrete used
Coeflicient of friction .
Depth of slab factor
- 4,
P=%a |
Coefficient which depends upon the percentage of tensmn and compressxon steel in the section
Creep coefficient with appropriate subscnpts ‘ o
Area of shear reinforcement
Sum of the effective perimeters of the tension rem[‘orccment .
Concrete creep deformation '
Concrete shrinkage dcformatlon
Bar size

FN

a

o
Pa
©
2
2 u,
4.
4,
@

2. Design: objectives and general recommendations :
2.1 Limit state design |

The purpose of design is the achievement of acceptable probabilities that the structure bemg designed will
not become unfit for the use for which it is required, i.. that it will not reach a limit state.

The characteristic strengths and loads used in design take account of the variations in the strengths and
properties of the materials to be used and in the loads to be supported. Where the necessary 'data are
available, these characteristic values are based on statistical evidence; where the data are not available,
they are based on an appraisal of experience. In addition, two partial safety factors are used, one for material
strength and the other for.loads and load effects. In the absence of special cons:deratlons, these safety
factors should have the values gwen in 2.3 according to the material, the type of loading and the limit state
being considered,

2.2 Limit state requirements

2.2,1 General. All relevant limit states should be considered in the design so as to ensure an adequale
degree of safety and serviceability. The usual approam will be to design on the basis of the most critical
limit state and then to check that the remaining limit s* ates will not be reached.

2.2.2 Ultimate limit state, The strength of the structure should be sufficient to thhstand the desxgn Ioads
taking due account of the possibility of overturning or buckling. The design strengths of materials and the
design loads should be those defined in 2.3, as appropriate for the ultimate limit state. This assessment
should ensure that no ultimate limit state is reached as a result of rupture of one or more critical sections,
by overturmng or by buckling caused by elastic or plastic instability, having due regard to the effects of
sway when appropriate.

14
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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: the structure should be designed to stipport loads caused by normal
function, but there should be a reasonable probability that it will not collapse catastrophxca]ly under the
effect of misuse or acvident. 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 occupancv or use of a structure (e.p. ﬂour mill, chemtcal
plant etc.), it may be necessary in the design concept or a design reappraisal to consider. -the effect of a
particular hazard and to ensure that, in the event of an accident, there is an acceptable probabtltty of
the structure remaining after the event, even if in a damaged condition. : ‘

2.2.3 Serviceability limit states ’:" ; s ‘
2.2.3.1 Deflection. The deflection of the structure or any part of the structure shouId not adverscly affect
the appearance or efficiency of the structure.

The engincer must satisfy himself that deflections are not excessive, havmg regard fo the. 1cqu1rements
of the particular structure bnt, as a guide, the following may be regarded as reasonable’ limits.

(i) The final deflection (including the effects of temperature, creep and shrinkage), measured below, thc '
as-cast level of the supports of floors, roofs and all other hortzontal members, should not, in gencral
- exceed span/250.
e (2) Partitions and finishes will be affected only by that part of the deﬁectton (mcludtng the cﬂ‘ects of
Y temperature, creep and shrmkagc) that takes place after the construction of the partmons or the application
2 of the finishes. Information is lacking, but a limit of span/350 or 20 mm, whmhever is the lesser, is :
i suggested, ‘ !
(3) If finishes are to be applied to prestressed concrete mcmbcrs the total upwqrd deﬂcctton should not’ :
exceed spanf300 unless uniformity of camber between adjacent units can be ensured.

The eflects of lateral deflections should be considered, parttcularly for tall slender structurcs although .
the acceleration during deflection may be the serviceability limit (sé¢ 2.2.3.3). '

In any calculation of deflections, the design properties of the materials and the dc51gn Ioads should be
those defined in 2.3, as appropriate for a serviceability limit state

2.2.3.2 Cracking. Cracking of concrete should not adversely aﬂ'ect the appedrance or durab111ty of the
structure.

The engineer must satisfy himself that any cracking will not be excessive, having regard to the require-
ments of the particular structure but, as a guide, the following may be regarded as reasonable limits.

(1) Reinforced concrete. An assessment of the ltkcIy behaviour of a reinforced concreh, structure should
show that the surface width of cracks would not, in general, exceed 0.3 mm. Where members are exposed
to particularly aggressive environments such as the very severe category in Table 19, the assessed surface
widths of cracks at pomts nearest the main reinforcement should not, in general, exceed 0.004 times the
nominal cover to the main reinforcement. It should be recognized that in a remforced concrete structure,
under the effects of load and environment, the actual widths of cracks will vary between wide limits, and the
prediction of an absolute maximum mdth 15 not possible; the possibhility of some cracks bemg wider than
the above must be accepted unless special precautions are taken,

(2) Prestressed concrete, In assessing the likely behaviour of a prestressed concrete structure, the ﬂexurai
tensile stress should be limited for structures of different classes as follows. ~ o

Class 1: No tensile stresses.

Class 2: Tensile stresses, but no visible cracking.

Class 3: Tensile stresses, but surface width of cracks not exceeding 0.1 mm for members exposed to a
particularly aggressive environment such as the very severe category in Table 19 and not exceeding 0.2 mm
for all other members. -

In tall or long buildings, the effects of temperature, creep and shrmkagé may, unless otherwise catered
for, require the provision of movement joints both within the structure and between the structure and the
cladding.

In any calculations of crack widths, the design properties of the materials and the design Ioads should be
those defined in 2.3, as appropriate f‘or a serviceability limit state,

ti B6 : Iﬁ““ 2278
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2.2.3.3 Vibration. Where there is a likelihood of 2 structure being subjected to vibration from causes such
as wind forces or machinery, measures should be taken to prevent discomfort or alarm, dama'ge to the
structure or interference with its proper function. Limits to the level of vibration that'may be acceptable
are described in specialist literature. In certain circumstances, it may be necessary to isolate the source of
vibration or, alternztively, to isolate a part or the whole of the structure. Special consideration. may be

.

necessary for flexible elements of structure. ‘ . o ST

2.2.3.4 Other limit states, Structures designed for unusual or special functions should comply‘With '_any
relevant additional limit states considered necessary by the engineer. S e

2.2.4 Qther considerations

)

T

necessary to consider the effects of fatigue in satisfying limit state. requirements, L

2.2.4.1 Fatigue. When the imposed load on a structure is predominantly cyclic in cH’aréiét'er,h‘i.tlz-ﬁé'ly be

‘ N e
2.2.4.2 Durability. The recommendations in this Code regarding concrete cover to thelreinforcément and .
acceptable crack widths (see 2,2.3.2) in association with the cement contents and water/cement ratios
specified in Section 6, are intended to meet the durability requirements of almost all structures. Where
exceptionally severe environments are encountered, however, additional precautions may be necessary, -

und specialist literature should be consulted with respect to each‘particular environment.

2.2.4.3 Fire resistance. There are three conditions to be considered for structural elements which may be -
subjected to fire: retention of structural strength, resistance to penetration of flames, and resistance to heat

transmission. The minimum requirements for different elements are given in Section 10 for various periods
of fire resistance, : S T '

2.2.4.4 Lightning. Reinforcement may be used as part of a lightnin'g protectli've syst,em“‘ in acco;?ﬂance‘With‘
CP 326. ' g ST -

2.3 Loads and strengths of materials

2.3.1 General: loads. The characteristic load on a structure:should ideally be determined from the mean
load and its standard deviation from the mean. L S

Since it is not yet possible to express loads in these statistical terms, the following characteristic loads
should be used in design. ‘ o : '

(1) Characteristic dead load. The characteristic dead load Gy is the weight of the structure complete
with finishes, fixtures and partitions, and should be taken as equal to the dead load as defined in, and calculated
in accordance with, CP 3 : Chapter V : Part 1. S ) :

(2) Characteristic imposed load. The characteristic imposed load O, should be taken as the imposed load
as defined in, and calculated in accordance with, CP 3. Chapter V : Part 1. o 7 ,

(3) Characteristic wind load. The characteristic wind load W should be taken as the wind load as defined
in, and calculated in accordance with, CP 3 : Chapter V : Part 2. ; '

4

The loading conditions during erection and construction should be considered in design and should
not be such that the subsequent compliance of the structurs with the limit state requirements is impaired.
The design load for a given type of load and limit state is obtained by multiplying the characteristic
load (F,) by the appropriate partial safety factor for toads {¥y), i.e., S
design load = y; F, - A v

yr is introduced to take account of

(1) possible unusual increases in load beyond those considered in deriving the characteristic load,

(2) inaccurate assessment of effects of loading, and unforeseen stress redistribution within the structure,
(3) the variations in dimensional accuracy achieved in construction, and : ' ‘

(4) the importance of the limit state being considered. ' '

2.3.2 General: strengths of materials. Unless otherwise stated, the term characteristic strength means that
value of the cube strength of concrete, the yield or proof siress of reinforcement, or the ultimate load of
a prestressing tendon below which ndt more than 5 % of the test results fall.

16
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) i r.\li' " 'r" :
For the analysis of sections, the desrgn strength for a given material and limit state is obtamed by dmdmg
the characteristic strength (f,) by the appropr:ate partlal saf'ety factor for strength (ym), ie.,

design strength = '-f—
Pm : . r : ‘
¥m is introduced to take account of possible differences between the strength of the matenal 1n the actual o

structure and the srrength derived from test speelmens, and apphes whencver the strength of‘ the structure
or part of the structure is being assessed. o . :

i
i

Lt
[T

23.3 Va!ues for the ultimate Itmlt state

2.3.3.1 Loads. The design loads for the ulumate limit state referrcd to in Secuon 3 as the ultimate Ioads |
should be taken as S

(i) Dead and imposed load -
~ design dead load = 1.4G,
design imposed ioad = 1. 6Qk

(2) Dead and wind load .
design dead load = 0.9G,
design wind load =1 4Wk ‘

{3) Dead, imposed and wind load
design dead load = 1.2G,
design imposed load = 1,20, °
design wind load =1, 2Wk

where G, is the characteristic dead load;
' 0 is the characteristic imposed load,
W, is the characteristic wind load, o
and the numencal values are the appropriate y, factors.

In assessmg the eﬁ‘ect of these loads on the structure as a whole, or on any part or secuon of the
structure, the arrangement of the loads should be such as to cause the most severe stresses. Under load
combination (1), the minimum design dead load considered should be. 1.0G, applied to such parts of the
structure as may result in the most unfavourable condition (sec 3.2:2. 1.

Under load combination (2), a critical stablltty condition may result if, on ‘selected parts of the structure,
the dead load is increased to 1.4G,; in these circumstances, the higher figure for dead load should be adoptcd
Generally under load combination (3) no variations in ¢ factors need be considered.

The design of the whole, or of any part or section of ‘astructure, may be controiled by any o[‘ the to::d
combinations (1) to (3); each shouldbe considered in design, and the most severe adopted.

If in the design it is necessary to consider the probable eflects of excessive loads caused by misuse or
accident, the y, factor should be taken as 1.05 on the defined loads, and only those loads likely to be acting
simultaneously need be considered. Again, when considering the continued stabrhty of- a structure after
it has sustained localized damage, the y, factor should be taken as 1.05. The loads constdered should be
those likely to occur before temporary or permanent measures are taken to repair or offset the eﬁ'eet of the
damage.

In general, for the ultimate limit state, the effects of creep, shrmkage n.nd temperature wil be of‘ secondary
order and no specific calculations will be necessary.

2.3.3.2 Materials. When asscssing the strength of a structure, or of any part or section of a structure, the
appropriate values of y, are 1.5 for concrete and 1.15 for steel, except that when considering the effects
of excessive loads or localized damage, the values may be 1.3 for concrete and 1.0 for steel

2.3.4 Values for a scrviceability limit state

2.3.4.1 Loads. The design loads for a serviceability limit state should be taken as

(1) Dead and imposed load .

design dead load = l.OGk
design imposed load = 1.0Q,
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\
(2) Dead and wmd load ' \
design dead load = 1.0G, ~
design wind load = 1.0W,

{3} Dead, imposed and wind load
design dead load = 1.0Gy
design imposed load = 0.80, ‘ ' T B
design wind load = = 0.8%, o e 7'*‘

In assessing the deflection of the structure as a whole or any part or secuon of the structure the arrange-
ment of the imposed load should be that causing the largest deflection. ~

Load combination (3) should be considered when, the most adverse eﬂ‘ect on any structure, or part or
section of a structure, occurs when the effects of wind load and part or: alr of the. imposéd ‘load are
cumulative. It is not necessary to consider the possibility of zero imposed Ioad in this load combination.

The design loads gwen above apply when estimating the immediate deflections of a structure. (see 2.2.3.1).
but in most cases it is also necessary to estimate the additional time dependent deﬁecltons due to creep,'
shrinkage and temperature, L

The deflection due to creep depends on the dead load and the 1n1posed load of long durauon Where
the full imposed load is unlikely to be permanent the deflection due to creep may "be calculated on the
assumption that only the dead load and that part of the imposed load likely to be permanent are effective.
This deflection may be upward. The effects of temperature including temperature gradrents wrthm the
members, should be considered when they are greater than thosc effects known from past expertenee to be
inconsequential. A I ,

When an imposed load is predommantly cyc[rc in character special attentlon should be gwen to the
assessment of the deflections. R

In a structure subjected to temperature, creep or shrmkage eﬁ'ecls greater than those known f rom experrence
to be incensequential, the resulting internal forces and their effect on the structure as:a who]c should bc
considered when assessmg crack widths, or other E‘orms of local damage g

i

- 234, 2 Materials. When assessing the deflections of a structme or any part or sectron of a structure, lhe
appropriate values of y,, are 1.0 for both concrete and stecl. Thus, the properties of the materials relevant’
to deflection assessment, i.e. moduli of elasticity, creep, shrinkage etc., should be taken as those associated
with the characteristic sirengths of the materials (see 2.4.2.2 to, 2.4.2.5). When assessing the -stresses or
crack widths at any section within a structure, the values of . should be taken as 1 3 for the cencrele 'md
l .0 for steel, . '

2.4 Analysis L . o ‘ L !

; e : o
2.4.1 General, Thé methods of analysis used in assessmg compltance with the 1eqmrements of the various
limit states should be based on as accurate a representation of the behaviour of the structure as is pracncable,
but the methods and assumptions given in this clause are generally adequate In certain cases, advantages
may result from the use of more fundamental approaches in assessing the behaviour of” the structure under
load. Specrﬁc guidance on assumptions and methods which may be: used' for the serviceability lrmrt statcs
are given in Appendix A.,

e

2.4.2 Properties of materials ¥ o 2

2.4.2.1 General, When analysing the structure, or part of the structure, to determme,‘force dtstrrbuttons
within the structure, the propertics of materials may be assumed to be those associated with their character-
istic strengths, irrespective of which limit state is being consrdered When analysing any cross-sectlon
within the structure, the properties of the materials should be assumed to be those associated wrth thelr
design strengths appropriate to the limit state belng considered. " : : SO o
The short-term design stress—strain relations may be taken as follows:’ ‘ . :

(1) For normal weight concrete, from Fig. 1 with y_ having the relevant value given in 2.3, 3, 2 or 2, 3 4.2.
(2) For reinforcement, from Fig. 2 with'y,, having the relevant value.
(3) For prestressing tendons, from Fig. 3 or 4 as appropriate, with ¥, havmg the rclevant value.

When sustained loading is being considered, the short-term stress-strain curves for reinforcement should

18
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be taken to apply; for prestressing tendons, appropnate allowance for relaxauon should be madc for
concrete, appropriate allowance for shrinkage and creep should be madc

it
L Yt

2.4.2.2 Elastic modulus: concrete. In’ the absence of better information, for normal we:ght concrelc lhc R
short term elastic modulus, relevant to the serwceablhty llmlt stares may be taken from Table l T

Table 1. Values of modulus of elasticity of concrete .

Cube strength of concrete at the Modulus of clasticity
appropriate age or stage considered of concrete

N/mm? ' kN/mm?
20 C 25
25 26
30 28
40 S 3l
50 34
60 36

For lightweight aggregate concrete having a densit‘y bet“"recl:n.WMOO kg/m® a‘nd_'?.-SQO kg/m? thch\'all‘Jleslr ,

given in Table 1 should be multiplicd by ( D.

2 - o f ol
2300) . where D, is the density of the:lightweight aggregate

concrete in kg/m , ;
s “w

Further information on the elastic modu]us of concretc is gwan in Append:x D. For sustamed loadmg
conditions, appropriaic allowance for shrmkage and creep should be made. . i :

1

2.4.2.3 Poisson's ratro. ‘concrete. For the serwc;ablllly limit states, Pmsson s ratio may be taken as 0. 2

2.4.2.4 Elastic modulus. steel. For remforcemcnt lhe ‘elastic modulus for al[ types of loadmg may be’ taken
as E, = 200 kN/mm?, ;. | ;
For prestressing tendons, the short-term elastlc modulus may be taken as

L, = 200 kN/mm for wirc and small dlamclcr strand, . .
E, = 175 kN/mm? for alloy bars and large diameter strand. - :

For sustained lmdlng conditions, approprlale allowance for relaxation should be madc
°, {) ’ ; n
2.4.2.5 Creep and drying shrinkage, For mformauon on creep and drying shrinkage, see spec:ahst hu:rature"l
} L. .

2.4.3 Analysis: ultimate Ilmlt state : T o —

1 .
2.4.3.1 Analysis of structure, thn clasuc analy51s is used to determmc the force distribution wnhm the , 2
structure, the relative stiffnesses .of the mcmbcrs may be based’ lhroughoul on'any one. of the followmg
seclions. v ,

o
(1) The concrete section: the entirc concrete cross section, 1gnormg the reinforcement. ’

(2) The gross section: the- entire concrcle cross-section, lncludmg the rclnforcement ‘on the basts of
modular ratio. © A L : :

{3) The transformed scction: the compress:on arca of the concrele ClOSS-SLCllOﬂ combmcd with the

reinforcement on the basis of modular r.mo. 0" W : :

For single. span continuous frames, rf'f'ercnce should be made to 3. 2L A redlstrlbutlon of the calculated
forces may be made if the members concerncd possess adequate ducu]lty thn conSIdcrmg slabs. the yleld

line or other appropriate plastic theory may be uscd ) . 4

2432 Analysxs of sections. The strcngth of a section should be assessed by melasuc analy51s based on ,f
short-term stress~strain curves derived from the design strengths of materials glven in 2.3.3.2, and from 'ﬁ]'
- Figs. 1 0 4. . o . S v

iy

N B

*For cxample, CEB FIP International recommendations for the desngn and conslntcllon 0[' concrctc structures, 1970
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2.4.4 Analysis: serviceability limit states

2.4.4.1 Analysis of structure. When elastic analysrs is.used to detcrmme force distribution throughout the |
structure, the relative stiffness may be based on the concrete ecuon the gross section, or the transformed
section, all as defined in 2, 4. 3 1.

AN
i

. 2.4.4.2 Analysis of sections, When assessing the deﬁc..uons of\,a structure, the curvature at any secnon
e should be calculated taking account of the influence of creep, shrmkage and crackmg S

H Li .
2.4.5 Model analysis and testing. A desrgn may be deemed sattsfactory on: the bas:s of results from an .
appropriate model test coupled wita the use of model analysis to predict the behaviour of the actual structure,
provided the work is carried out by engmeers with relevant expenence usmg suttable equrpment

t

2.4.6 Experimental development of anal) tical procedures. A desngn may be deemed sattsl‘actory if the
analytical or empirical basis of the design has been justified by development testing of prototype umts and

< 1
Al o .

structures relevant to the particular destgn under consideration, - S : . '
i r‘ J,. g ) . o
05Tk | o Y e
Ym T . : . i 4
. EB . . s |
, Parabolic curve . : o ) : I -
' o : o R L
" | ‘G “ e T
! .o o
I . {." »v ' o o l '
N i ! S O - | o
| i .a T
o : Nt R
Stress ! : T !
’l ) 1 . ) . 0{
! i
r , s o ‘ .k ! k
! | . C! o
I’ | L o ll .
] " ay ,\ .
T = CF ol / o
/ e . E/\
.f ~ '\T\ | . e B - : I
] : : " : ‘ ‘ C ‘
feu 2 b ‘. , ' .
As amended 5.5. '—Y_ N kN /mm . ! : N, B RN S
N Muay 1977 v m 1 . 7 ! .
7 :“.III . : i .
) { :
. . T . r} o= i
L 2 -4, f Strain . 00035 .
NOTE. f_,,in N/mm 2. l.x10\ tu ‘ o
! J \. ?m [t R
¢ ‘l,
t|

]}

o

| I o
* 0.67 takes account of the ratio between the characteristic cube strength and the bending strength in a flexural member,
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Tension -

P I
~=—Compression -

Stress

200 kN/mm?

b e e s ————

0,002 .

Note. fy in N/mm®. .
Fig. 2. Shortterm design stress~strain curve for reinforcement

(v

200 kN/mm? for wire to BS 269 sections 2 and 3
and strand to BS 3617 sectlans 2and3" v
175 kN femm2 for alloy bars to BS 4486

‘ and 19-wire strand to BS 4757 Section 3 .-

0.005 ‘ Straln e

Fig. 3. ‘«hort term design stress—straln curvr- for normal and Iow relaxatlon products

W
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" 200 kN/mm2 for wire ta BS 2691 section 4 o '
175 kN}'mm2 for 19-wire strand to BS 4757 sectlon 2 o

1
.

0.005 N Strain

Fig. 4. Design stress—strain curve for ‘as drawn’ wire and ‘as spun’strand

3. Design and detaiiing: reinforced concrete | iy ;l'ﬂ_-
3.1 Genera! ' '

3.1.1 Scope of Sectlon 3. This Scc..  ivey methods of analysis and dcsign which will in genéi-al ensurc -
that, for reinforced concrete structurc.. ~ objectives set out in Section 2 are met. Other mclhods may be "
used provided they can be shown to be su.isfactory for the type of structure or member considered. In-. . . ‘
certain cases, the assumptions made in this S¢ 'ion may be inappropriate and the engmeer should adopt

a more suitable method ‘having regard to the natuse  Fthe structure in quesllon i SR

3.1.2 Limi¢ state design of reinforced concrete

. N ) A
3.1.2.1 Basis of design. This Section lollows the limit state philosophy set out in Section 2 and in accord.mcc\
with 2.2.1, it is assumed that, for reinforced concrete structures the critical limit state will be lhc ulumatc .
limit state. The design methods, therefore, take account of the partial safety factors _appropriate to the
ultimate limit state and are followed by recommendations, lov’nsure that the serviceability I:m:t stalcs of
deflection and cracking are not reached. 5/ 0

/.

As an alternative to the recommendations given on Span;'depth ratios to conlrol deﬁccuon and the ) _
reinforcement spacing rules to control cracking thd engineer may calculate deflections and. rack w:dlhs to
prove compliance with Section 2. Suitable methods are described in Appendix A, o e

fojdded 3,1.2.2 Stability. The engineer responsible for the overall stability of-the structure should ensure lhe com-.
patibility of the design and details of parts'and components. Th{:rc should be no doubt of lhlS responsnblhty
for overall stability when all or some of the design and details are not made by this engineer. * W ,!-

To accord with the criteria of 2.2.2 the layout of the structure in plan and the interaction belwccn thc "
structural members should be such as to ensure a robust and stable design. It is recommended that: . &

(1) in the design for ultimate wind loads the horizontal force taken into account be not less than 149
of the total characteristic dead load above any level; th:s force may be shared by tne parts of the structufe”. -
depending on stiffnessand strength . i

{2) to obviate the possibility of vehicles running into and damagmg or removmg .vital loadbearing

members of the structure in the. ground ﬂoor the prowswn of bollards walls retaining earth. banks ele:, . ‘
be consudercd ’
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(3) in buildings of five or more 'Storeys an eﬂ'ective‘ly‘conlinuohé verti

cal tie be provided from foundation. ~ =

to roof level in ail columns and walls. The area of this tie should be at least equal to the minima givenin - %

3.11.4.1 for their main reinforcement, but see 5.1.2.4 for walls desi gned as plain concrete.

(4) all buildings be provided with effective horizontal ties round the periphery and imé_rnziili’ At re-entrdht. -

~corners or at substantial changes in construction care should be taken to ensure that the ties are adequately -
- BRURLE Lo ) .

anchored or otherwise made effective, .,© .~ & ‘

Preferably, the ties should be so placed as to p[ﬁ?fae the best assisi;ince in resisting, by cantiléver, catenary’ -

or other actions the results of extrente damage by accidental causes. The horizontal forces to be resisted
by the ties should be derived from ‘a, b and ¢ below using as the value of F, the lesser
obtained from “ - : : ‘

£ = (20+-4n,) where n, is the number of storeys in the building, or* - -
F, =60 S S I

of the values

In providing the ties in a, b and ¢, it may be assumed that no other forces-are acting and that the rein-

as forming a part of, or the whole of, these ties. B , Lo

-3 Per:'pheralllie. Ateach floor and roof level an eﬂfecii\;ely uninterrupted péripherél tie shou]d-b'e pfdvided
capable of resisting a tensile force of £, kN, located within 1.2 m of the edge of the. building or in the
perimeter wall, ‘ B o

forcement is acting at its characteristic strength. Reinforcement provided for other purpps'es'r,na? be rega‘rded

b. Internal ties. In addition to the peripheral tie, internal ties should be provided at each ﬁdor and roof
jevel in two directions approximately at right angles. The internal ties should. be effectively uninterrupted
throughout their length and should, unless they continue as column or wall tics (sce ¢), bé anchored to-

As amnemied
Feh, 1976

Lo
A

the peripheral tic at both ends. The ties should be capable off_ire-s_istilng a-tensiie f‘c')_rcc_:_' in each direction .

respectively of o i
Fr (gk'zi'qk)_{
75 5

but not less than ¥, kN per metre width: . C S : _
where (g +-4.).is  the sum of the average characteristic dead and imposed loads pertunit area of the
fioor in kN/m?, v L L T

[ is cither the greatest distance in metres in the direction of.the tie’ under consideration

e
kN-per metre width

between the centres of the columns or other vertical load bearing members ‘whether this .

k2

distance is spanned by a single slab or by a system of beams and slabs, or . v e
5 times the clear storey height (under beams, if any), whichever be the lesser.” ) o
Where the vertical loadbearing members are walls’ which on plan occur in one direction

only (e.g. cross wall or spine wall construction} then the ties provided parallel to the wa"l‘is' '

should be capabie of resisting a force of £, kN per metre width. . .

Part or all of the internal ties may be spread evenly over the width of the structure or may be grouped
at beams, walls or other appropriate intervals. The ties may be in the slabs. beams'or walls: where they
are in a wall they should be located within 0.5 m of the top or bottom of the fioqr slab. -, .

¢. Coiumn and wall ties. Each external column and every metré len glh'bf _cx‘ter'nal wall should be anchored or.
tied horizontally into the structure at each floor and roof {evel with a tie capable of developirig a force equal
to the greater of: : : T -

I\ o .
(i} 2F kN, or (535-) FL kN, whichever be lhg lesser, where [, is the ﬂogr to ceiling height in'metres.

™~

Asumended
Frh, 1976

As uamended
Feh, 1976

(ii) 3 % of'the total ultimate vertical load at that floor level for which that midmber has beén designed.

Corner columns should be tied into the structure at each floor and roof level in each of two directions
approximaiely at right angles, with ties capable of developing a force equal to the greater of (i) or (ii) above.;

Avamended

Feh, 1976

Column and wall ties may be partly or wholly the same reirifo;i:cment as that provided for'the p‘eri'p,he‘ral‘ o

orinternal ties. i
3.1.2.3 Durability and fire resistance. 3.11.2 gives guidance on the minimum cover to reinf‘qrcemenl"" _tha;l
should be provided to ensure durability. The results of fire tests or other evidence may be used to ascertain

the firc resistance of a member or; alternatively, reference may be made to Section 10, .

A

[

R
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3.1. 2.41 Orher consrderanom Th|s Secuon does not make recommendations concerning vibrauon or other

- limit statcs and, for these and other consuderahons reference should be made to Section 2.

3L 3 Load:. In this Section, the design load for the ultimate limit state is referred 10.as the wultimare load

10 avoid conf usmn with the service load which is the desagn load for the scrwceablhty limit states,
The values of the ultimate loads to be used in design are those given in 2.3.3.1 and the values of the service
loads those given in 2.3. 4.1,

314 Strength of materials

3.1.4.1 Definition of strengths. In this Section, the design slrengths of matcrials f'or the ultimate limit state
are expressed in all the tables and equations in terms of the characteristic strength of the material. Unless

- specifically ‘stated otherwise, ail equations and tables include aliowanccs for ¥, the partial safety factor
f'or material qtrennth

"'3 1. 42 Characremnc strength of concrete. The characlerlsuc cube - strenglhs of concrete are given in

Scction 6, and those which may be .specified for reinforced concrete are quoled in Table 2 together with
their rclutcd cube strengths at other ajes.

'l_'able_ 2. Strength of concrete

B . o ‘ Cube strength at an age of
Grade . Characteristic -

» strength foy, Tdays 2 months 3 months . 6 months 1 year
‘ ‘N/mm2 . " N/mmz N/mm? N/mm? N/mm? N/mmz
.20 - 20.0 ‘ 135 . 22 23 24 25
125, -0 165 '27.5 29 30 31
L300 ©300 X - 20 33 35 36 37 ,
40 - 400 28 44 .- 45.5 47.5 50 '

50 500 36 54 53,5 57.5 60

Design may be based on the characteristic strength or, il appropriate, the strcnglh given in Table 2 for
theage ofloadmg ‘

3143 Characrcr:srrc strength of reinforcement. The characteristic strengths of reinforcement ure given in
the approprmlc British Standards and are quoted in Table 3 below.

Table3. Strength of relnforcement

Designation R Naminal size - Speelfied charucteristic
' strength f,
mm N/mmz2
Hot rolled steel, grade 250 All sizes ' 250
(BS 4449)
Hot rollea steel, grade 460/425 Up to and including 16 460
(BS4449) . Overl6 - . 425
Cold worked steel, grade 460/425 Up to and including 16 460
(BS 4461) QOver 16 425

Hard drawn steel wire and fabric Up to and including 2 485
(BS 4482 and BS 4483) '

Design may be based on the characteristic strength or a lower value if necessary to reduce deflection or
conlrol crackmg .

3.2 Structures and structural frames

3.2.1 Analysis of structures. Complete structures and complete structural frames may be analysed in
accordance with the recommendations of 2.4.3 but when appropriate the methods given in 3.2.2 may be
adopted,
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In a single-span continuous frame, when the ratio of beam span to supporting column height excceds-3
and the reinforcement in the beam is less than | %, either the cracked ET value for the beam should be
used in calculating the distribution of moments in the frame, or the bending moment transmitted to the
column should be limited by ensuring that the top reinforcement in the beam at the support under overload

will yield before the concrete on the inside of the ‘column attains ultimate stress..

3.2.2 Structural frames

3.2.2.1 Analysis of sivuctiure: frame supporting vertical leads only, The moments, loads and shear forces to
be used in the design of the individual columns and beams of a monolithic frame which is not intended to
resist lateral loads may (but see 3.2.2.3 concerning redistribution of moments) be taken to be those given
by an elastic analysis of a series of sub-frames. The relative stiffness of the members may be based on the
concrete, gross or transformed sections as described in 2.4.3.1. Each sub-frame may be taken to consist
of the beams at one level together. with the columns above and below assumed to be fixed at their ends
remote from those beams, It will be sufficient to consider the following 'arrangemenths‘of load: © ...
(1) alternate spans loaded with total ultimate load (1.4G, + 1.60,) and all other spans loaded 'with
minimum dead load (1.0G,); : T T
(2) any two adjacent spans loaded with total ultimate load (1.4G, + 1.60Q,) and all other spans loaded
with minimum dead load (1.0G,). ' ' B B

As an alternative to the above, the moments and forces in each individual beam may be found by con-
sidering a simplified sub-frame consisting only of that beam, the columns attached to the ends of the beam
and the beams on cither side, if any. The column and beam ends remote from the beam under consideration
should be assumed to be fixed, and the outer beams to possess half their actual stiffness. It will be sufficient
to consider the following arrangements of load: ' ’

(1) centre beam loaded with total ultimate load (1.4G, 4 1.60Q,} and the other two loaded with minimum
dead load (1.0G,); : ' ' S L a

(2) any two of the three beams loaded with total ultimate load (1.4Gy 4-1.6Q,) and the other beam
loaded with minimum dead load (1.0G,). : 4 - ‘

The moments in an individual column may also be found from this simplified sub-frame provi'c‘.edr that
the sub-framc has as its central beam the longer of the two spans framing into the column’ uader
consideration. - : ‘

3.2.2.2 Analysis of structure: frame supporting vertical and lateral loads. When a frame is used to provide
lateral stability to the structure as a whole it will be necessary to consider the effect of lateral loads. In
addition if the columns are slender it may be necessary to consider the effects of sway (see 3.5.2).

In most cases, however, the design of the individual beams and columns in the frame may be based on
either the moments, loads and shear forces obtained from a simplified analysis considering vertical loads
only (see 3.2.2.1) or, if they are greater, the sum of those obtained frem (1) and (2) below. ‘

(1} An clastic analysis of a series of sub-frames each consisting of the beams at one level together with
the columns above and below assumed to be fixed at their ends remote from those beams. Lateral loads
should be ignored and all beams should be considered to be loaded with their full design load (1.2G, + 1.20,).

(2) An elastic analysis of the complete frame, assuming points of contraflexure at the centres of all beams

and columns, ignoring dead and imposed loads and considering only the design wind load ( 1.2W,) on the
structure, ' : g

In certain cases it will be necessary also to consider the effects of load combination (2) (sce 2.3.3.1), ie.
0‘9Gk + 1'4Wk' . ' " ) :

3.2.2.3 Redistribution of moments. Redistribution of the moments obtained by a rigorous elastic analysis

or by the simplified methods given in 3.2.2.1 and 3.2.2.2 may be carried out provided the following conditions .
are satisfied.

(1) Equilibrium between the internal forces and the external loads must be maintained under each appro-
priate combination of ultimate loads.

(2) The ultimate resistance moment provided at any section of a member must not be less than 70 %
of thc moment at that section obtained from an elastic maximum moments diagram covering all appropriate
combinations of ultimate loads.
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-{3) The clastic moment at any section in a member due to a partlcular combination of ultimate loads
shiould not be reduced by more than 20 % of the numerically largest moment given anywhere by the elastic
maximum moments diagram f'or tllat particular member eovermg all appropnate combmauons of ultlmate
loads. ' S

(4) Where, as a result of redrslrlbutlon the ultimate resistance moment ata seclmn is reduced the neutral
axis depth x of the section resisting the reduced moment, should not be greater lhan

x = (0.6—f,eg)d

where d  is the effective depth e '
Brea is the ratio of the reduction in resistance moment to the numericaily largest moment gwen any-

where by the elastic maximum moments diagram for that partlcular member covermg all appro-
priate combinations of ultimate loads.

In structures over four sioreys in height, in which the structura] f'rame prowdes the lateral stabrllty, the
‘reductions in moment allowed by condition (3) should be restricted to 10 A

In general, condition (4) will rule out the possibility in columns of a redlstrrbuuon mvolvmga reductron
in moment, unless the axial load on the column is small. '

3.2.2.4 Column and beam construction, Any structural frame in a bmldmg provrded w1th Iateral stability
by walls or bracing designed to resist all lateral forces, may be considered to consist of continuous beams
(see 3.3) and columns (see 3.5) and the simplified but more conservative methods given in the appropnate
clauses may be used in design as an alternauve to the methods given in 3.2.2. 1 '

3.3 Beams . o _ , N |
3.3.1 General ' o : ,' .

33.1.1 Eﬁ'ecuve span af beam. The eﬂ‘ectwe 5pan ol‘ a srmply supported member should be taken as the
smaller of '

the distance between the centres of bearings, or

the clear distance between supports plus the effective depth.

The effective span of a continuous member should be taken as the drstanee betWeen centres ol‘ supports
The cffective length of a cantilever should be taken as'its length to the face ‘of. the support plus half its

effective depth except where it forms the end of a continuous beam where the length to lhe centre of the
support should be used. : ‘

3.3.1.2 E_ﬂ"ccm-e wideh of flanged beam. In the absence of any more accurate determmauon the ell'ectlve
flange width for a T-beam should not exceed the lesser of:

the width of the web plus onc-fifth of the drstance between the points ol‘ zero moment or’
the actual width of the flange : ‘ . Lo

.
.o

and for an L-beam, the effective flange should not exceed the Iesser of"

the width of the web plus one-tenth of the distance between pomts of‘ zero moment or
the actual width of the ﬂange :

For a continuous beam the distance between the points of zero moment may be taken as 0. 7 times the
effective span, _

3.3.1.3 Slenderness limits far beams. To ensure lateral stability a simply supported or continuous beam
should be sc proportioned that the clear distance between Iateral restraints does not exceed 60b, or 250562/d,
whichever is the lesser, where d is the cffective depth and 5, is the breadth of the compression face ol‘ the
beam mid-way between restraints,

For a cantilever with lateral restraint provided only at the support, the clear distance from the end of
the cantilever to the face of the support should not exceed 25b, or 1006%/d, whichever is the lesser.

3.3.2 Continuous beams. Continuous beams may be amlysed in accordance with Section 2 or designed
and detailed to resist the moments and shear forces given by 3.3.3 or 3.3.4 as appropriate,

26
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3.33 Moments and forces in cn‘ttmuous beams: gencral case. The maximum elastic moments | ‘and shear
ferces at any section of a contmuous beam may be obtained by consideration of the beam as part’ ofa frame
in accordance with 3.2.2, or as contmuous over its supports and capable of free rotation about them.

In the latter case an elastic analysis should be made considering the following arrangements of Ioad

(l) alternate spans loaded with {otal ulumate load (l 4G|c + L 6Qk) ‘and aII other spans loaded w1th
minimum dead load (1.0G,); v

(2) any two adjacent spans loaded with total ultlmate load (I, 4Gk + L 6Qk) and all other Spans loaded
with minimum dead load (1.0G). :

. Redistribution of the moments obtained by, the methods descnbed above may be carned out w1thm the
- limits recommerded by 3.2.2.3, : ‘ R SO o o e

334 Moments and forces in contmuous beams. uniform loading and equal spans. Prowded the: charactenstlc
imposed load does not exceed the charactensuc dead load, for beams which support substantially umformly
distributed loads over three or more spans which do not differ by mote than-15, % of the Iongest the ulumate .
bending moments and shear forcev. used in destgn may be obtamed from Table 4.

Table 4. Ultlmate bend:ng moments and shear forces o

" At outer ‘Near middle of At first interior At middle of . - At interlor
support . end span i support interior spans . supports

Moment .0 o Fl : _—_{! ' B —Fl

T S T T [ 2
Shear 045F 1 — 06F . = =" < 0SSF

In Table 4, ! is the effective span and Fis the total ult:mate load (1 4Gk + 1 6Qk) No redlstnbutlon of
the moments found from Table 4 should be made.

335 ReSIstauce moment of beams ‘:\; .
: - % i

3.3.5.1 Analysis of sections. When analysi mg a cross-(secuon to determme llS ultlmat\. moment of‘ resnstance

the following assu:npuons should be made, : :

(1) The strain distr1buuon in the concrete in compress:on and the strains in the remt’orcement whether
in tension or compression, are derived from the assumption that plane sections remain plane,

(2) The stresses in the concrete in compression are either derived from the stress-strain curve in th 1
with y, = 1.5 or may be taken'as equal to 0.4f,, over the whole compressmn zone. In both cases the strain
at the outermost compression fibre at failure is taken as 0.0035 and in the case of beams reinforced only i in
tension the depth of concrete in compression is limited to half the effective depth of the beam :

(3) The tensile strength of the concreteus ignored. ‘

(4) The stresses in the reinforcement are derived from the stress-strain curves in Fig. 2 with y,,, = 1. 15

In the analysis of z cross-section of a beam which has to resist a small axial thrust, the effect of the ultimate
axial force may be ignored if it does not exceed 0.1 j;,, times the cross- sectional area

3.3.5.2 Design charts, The design charts \t]nch form Parts 2 and 3 of this Code mclude charts, based on
Fig. 1, Flg 2 and the assumptions of 3.3.5.1, which may be used for the de51gn of beams reinforced in tension
only or in tension and compression.

1,

3.3.5.3 Design formulaz. Provided that the amount of redistribution of the elastic ultimate moments has
been less than 10 %, the following formulae may be used to caiculate the ultimate moment ol‘ resistance of
a solid slab, or rectangular beam or of a flanged beam, ribbed slab or voided slab when the neutral axls
lies within the flange. " o

For sections without compression reinforcement the ultimate moment of resistance may be taken as
the lesser of the values obtained from equations 1 and 2.

Equations 3 and 4 may be used for sections with compression reinforcement,

A rectangular stress block of maximum depth 0.54 and a uniform compressive stress of 04f=u has been
assumed.

sR5nt 2290
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M, = O8Tf,)4,7 | T R S ENOEE
M, = 0.15f,,bd* e R ) Y
M, = 0.15f,,bd*+0.72f, Ai(d — d") ‘ L e N )
(0.87/,)4, = 0.2f,,bd +0.72f, 4; o ‘ B ()]
where M, is the ultimate resistancel"':noment, ' ' '
A, is the area of tension reinforcement,
Avamenied A, is the area of compression reinforcement, ' i
: b is the width of the section, ‘ : T
o d s the effective depth to the tension reinforcement,
. d’ is the depth to the compression reinforcement,
Sy isthe characteristic strength of the remforccment,
z is the lever arm,
feu is the characteristic strength of the concrete. ‘ L : .
When d'/d is greater than 0.2, equauon (3) should not be used alnd the resistance momgnt'shd'i]ld‘be‘ calcu-
lated with the aid of 3.3.5.1. _ : ‘ o _
The term 0.72f, in equations (3) and (4) is a s:mphﬁcatlon of‘ the expression —+fj;/§60_0 shown on F1g 2. : . :
b .

The lever arm, z, in equation (I) may be calculated from the equation ‘ - ,
1.1fA) o - - o
z={] -2 g S . ‘ S 5
( Jeu bd | . : . B ‘( )
The value of z shall not be taken as greater than 0.954. ' ‘

The ultimate resistance moment, of a flanged beam may be taken as the lesser of the values gwen by e
equations {6) and (7) where A, is thc thickness of the flange.

u=(0.8?f,)4.(d—-’;-) o 4‘ ! ) o (6)

M, = 0.4f,, bh, (d - %!) | | ‘,',(7")

Where it is necessary for the resistance moment to exc:ed the value‘given'by equation (7), the 'sléi:tiqr‘i sﬁréiuld.
be analysed in accordance with 3,3,5.1. . P

"\

3.3.6 Shear resistance 0" beams

3.3.6.1 Shear stresses and shear reinforcement in beams. The shear stress, v at any crosé-sectidn in a beam, .
should be calculated from: ' ' . .
= bd ‘ o . e

o - e '
where V is the shear force due to ulumate loads,
b is the breadth of the section which, for 2 ﬂanged beam, should be taken as the rib w1dth
d is the effective depth.

Where the shear stress exceeds the appropriate value of v, from Table 5, shear reinforcement in the form
of links, or links combined with bent-up bars, should be provided (but see 3,11.4.3 for minimum provision
of links). In no case, even with shear remf‘orcement should v exceed the values given in Table 6.

——u
=

(7]

M52 5G]
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Table 5. Ultimate shear sfress in beams

1004, Concrete pgrade

bd 20 25 ‘ 30 ‘ 40 or more

N/mm? N/mm" N/mm? N/mm? | N Coa

0.25 0.35 0.35 S 035 . 0.35 LT L
0.50 0.45 0.50 0.55 0.55 : ‘ r : .
1.00 0.60 0.65 0.70 0.75 : ‘ o : '
2.00 0.80 0.85 090 ' 095
3.00 0.85 0.90 095 - 100 -

The term A, in Table § is that area of longitudinal tension reinforcemenl"whic.h continues at least an
effective depth beyond the section being considered except at supports where the. full area of tension
reinforcement may be used in all cases provided the requirements of 3.11.7 are met.

Table 6. Maximum value of shear stress’in beams

Concrete grade

20 25 30 40 or more
N/mm? N/mm?  N/mm? N/mm? I : o o

3.35 375 4.10 4.75 o S _ N

’

When links are used for shear reinforcement, the spaciﬁg of the legs, in the direction of t"he span and
at right angles to it, should not exceed 0.754 and the following requirement should be satisfied.. '

A b=0) ‘ . E

s, 0.87f,, : ‘ - . - I )]
where f,, is the characteristic strength of the link reinforcement which should not be tqkeﬁ as more than e
425 N/mm?, : ‘ i

A, is the cross-sectional area of the two legs of a link, g
S, is the spacing of the links along the member.

. Up to 50 % of the shear reinforcement may be in the form:of bent-up bars which should ‘be assumed
N to form the tension members of one or more single systems of lattice girders in which the concrete forms
the compression members. The maximum stress in any bar should be taken as 0.87f,,. The shear resistance
at any vertical section should be taken as the sum of the vertical components of the tension and compression
forces cut by the section, Bars should be checked for anchorage (see 3.11.6.2) and bearing (see 3.11.6.8).

3.3.6.2 Concentrated loads near supports of beams. When the distance a, from the face of a support to the
nearest edge of the principal load is less than 24, all the rmain reinforcement should continue to the support
and be provided with an anchorage equivalent to 20 times the bar size. Any concentrated foad should be.
treated as a principal load when it contributes more than 70 7 of the total shear force at a support. Shear
reinforcement as described in 3.3.6.1 should be provided over the length a, but, in equation (9), the term o,
may be replaced by v, x 2dfa, provided this does not exceed the maximum value of v allowed. .

For cantilever beams and corbels when a, is less than 0.64 horizontal links should normally be provided
and special attention should be given to the anchorage of the main reinforcement. °

Continuous concrete nibs, cast in situ or precast, may, alternatively, be designed in accordance with 5.2.4.2,

3.3.7 Torsional resistance of beams. In general where the torsional resistance or stiffness of members has .
not been taken into account in the analysis of the siructure, no specific calcuications for torsion will be e
necessary, adequate control of any torsional cracking being provided by the required nominal shear

reinforcement. ) ' '

S 29 S _
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When it is considered that torsionai resistance or stiffness of members should be taken into account
in the analysis and design of a structure, the torsional rigidity, (Gx C), of a member may be obtained by
assuming the shear modulus G equal to 0.4 times the modulus of elasticity of the concrete and the torsional
constant C cqual to half the St. Venant value calculated for the plain concrete section.

The torsion shear stress, v, at any section should be calculated’ assuming a plastic stress distribution.
For rectangular sections », may be calculated from the equation: ‘ S :

2T , ‘ _ | -
b, = ‘ v , )}
2 hm[n . . Co - ' :

hmin hmax - ’ B B ‘

3 . . . . '

where T is the torsional moment due to ultimate loads, . S o - )
/1o 15 the smaller dimension of the section, R ‘
tmax is the larger dimension of the section. - SR L

Pl

T-, L- or I-sections may be treated by dividing them into their component rectangles. This should normally .
be done so as to maximize the function ¥, (A3, #imas) Which will:generally be achieved if the widest rectangle
is made as long as possible. The torsion shear stress carried by each component rectangle may be calculated
by treating them as rectangular sections subjected to a torsional moment of '

n

T (_{'_r:;l_nhmn: ) ' : ’ ““' ‘ - »
thﬂnhmnx oo K T L . l‘.f
Box sections in which wall thicknesses exceed one-quarter the overall thickness of the member in the
direction of measurement may be treated as solid rectangular sections. For other sections, specialist literature
shouid be consulted. ' SR L ST )
Where the torsion shear strers, v, exceeds the value vy, from Table 7, reinforcement should be provided.
In no case should the sum of the shear stresses resulting from shear force and torsion (v+p,) exceed the -
value v, from Table 7 nor, in the case of small sections (¥, < 550 mm), should the, torsion shear stress, Ve .
exceed v,,y,/550, where y, is the larger dimension of a link. . . o B T I
Torsion reinforcement should consist of rectangular closed links together with longitudinal reinforcement.
This reinforcement is additional to any requirements for shear or bending and should be such that:

1 \

A, T | _ , o
. © 0.8%; 7,087 o . fooo
Ay 2= ([F)x,+y) o . oL 12

RS (fyl (x1+y, ; o o B (12}

where 4, is the arca of the legs of closed links at a section,
Ay is the area of longitudinal reinforcement, -
Jye is the characteristic strength of the links, o
Jfy is the characteristic strength of the longitudinal reinforcement,
5, is the spacing of the links, o L 0
X, is the smaller dimension of the links,

¥y is the larger dimension of the links.

In the above formulae f,, and £, should not be taken as greater than 425 N/mm?

The spacing of the links should not exceed the least of x,, y,/2 or 200 mm and the links should be of a
closed type similar to Code 74 of BS 4466, ‘ o

The extra longitudinal reinforcecment should be distributed evenly round the inside perimeter of the
links. The clear distance between these bars should not exceed 300 mm and at least four bars, one in each
corner of the links, should be used. Additional longitudinal reinforcement required at the level of the
tension or compression reinforcement may be provided by using larger bars than those required for bending
alone. The torsion reinforcement should extend a distance at least equal to the largest dimension of the
section beyond where it ceases 1o be required. ‘ B i

In the component rectangles of T-, L- or I-sections, the reinforcement cages should be detailed so that ‘
they interlock and tie the component rectangles of the section together. Where the torsion shear stress in y
a minor component rectangie is less than v, ,,;,, no torsion reinforcement need be provided in that rectangle. .

_ 30

g N1
i 2203



http://www.avadocuments.com/doc/cp-110-1-1972
http://www.avadocuments.com/doc/cp-110-1-1972

. CPMO: Part1: 1972

i

Table 7. Ultimate torsion shear strass

Concrete grade . .
) 25 3 40ormoie

N/mm? . Njmm? N/mm2 ‘ N/mrﬁ?. g
0.30 0.33 037" .. 042
Uy 335 © 3.75 . 410 - 475

. \

3.3.8 Deflection of beams. Deflections may be calculated and comparéd with the serviceability requirements

given in 2.2.3.1 but in all normal cases the deflection of a'beam will not be excéssive if the'ratio of its.span = -
to its effective depth is not greater than the appropriate ratio obtained. from*3.3.8.1 or 3.3.8.2. Where ..
appropriate, Tables 8 and 9 should be modified by Tables 10 and 11. | o Dol

3.3.8.1 Spanjeffective depth ratio for a recrangulaf beanm. The basic span./e_'fi'ccl'i\'fe depth ratid;‘s: fi o‘:_"rcc'tan:gulla‘rr s

beams are given in Table 8. These are based on limiting the deflection to span/250 and this 'sho.i;ld ‘boi-mally 7'-_",,

avoid damage to finishes and partitions for beams of up to 10 m‘épaq’.“l L

nt

Table 8. ‘Basic span/effective depth ratios for .lféc‘tén_cvji\;‘lai- beams .,

22 - e . . Yo

Sapport conditions _ Ratio

Cantilever 7
Simply supported Y20
Continuous .26

" .

s o A ' L i _ : BT w
Table 8 should only be used for spans greater.than 10 m if the engincer is satisfied that a'deflection of
$pan/250 is acceptable. When it is necessary further to restrict the deflection, to avoid damage to, finishes

or partitions, Table 9 should be used for spans excededing:‘lo m. o ¢y

Table 9. Special span/effective dep'tﬁ" ratios for rfepi;zingqlar' be‘ams"‘ a

Span ' Cantilever EJ;";J;‘M - Continuom .

10 | 20 26
12 Value tobe 18 .7 23
14 © justified by 16 .21
- 16 calculation .14 T

18 | 12 16
20 ‘ N [ RN K

Deflection is influenced by the amount of tension reinforcement and its stress and therefore the span/
effective depth ratios should be modificd according to the area of reinforcement provided and its service
- stress at the centre of the span (or at the'support in the case of a cantiicver). Values of spanjeflective depth
. ratio obtained from Table 8 or 9 should therefore be multiplied by the appropriate factor obtained from
" Table 10. 5 | v | -

[
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‘Table 10. Modification factor for tension rel_nfprq'em'en,t Ly

1004, Y
bd . :

025 . 00 O 100 .18 U200 280

" Service stcess (/)

'y . R
H oAl [P I

N/mm? R T T

145(f, =250) 20, .. 198 .- 162 ' L4d4” 1.2, LEURIB K06 1en e
150 . 20 191 T LS8 14l L2 LD c o 104 0099
200 T200 . 146, 126 LIS - 1020 h 094 U089 - 085y Tyl

238 (f,=410) 160~ ..123 . . .109 . .1.00, - 090 .. 084 080 077 i [”

26(f, =425 155 120 . 106 ~ 098 ' 088 083 * . 079 S 076

250 e, 152 LI8 105 © 097 . .'087; .08 078 " 075

267 (f, = 460) = 1.41 L. 099 . 092 - 08 -.,078. . 075 7 072

290 (f, = 500)  1.27 1,03 092 - 08 . 079%, - 074 L0710 - 068 .

300 CL 122 “0.99 . 090 084 - 077 ﬁ“f 072 U089 o067

N ' R - RO L o .“-}l
The service stress may be estimated from the equation T B o

j*_:o.sg@ x_l S o o .1.: I e - ‘:) . '(1,3"):-"_., o

W

.o i R A . 3 } . : i
s.prov o b , S [ . IR N - it sy “
! ' N o . o N

where f,  is the estimated service stress in the tension‘reinforcement, N T
fy - is the characteristic strength of the reinforcement, . . .. .7 R I

Asreq IS the area of tension reinforcement required at mid-span {6 Tesist the moment due fo ultimate’
i loads (at support for a cantiléver), 7 . M o O d

Ay prov 1 the area of tension reinforcement provided at 'mid-span (at support for a cantilever), | .

Avarmended By is the ratio of the resistance moment at’mid-span: obtained .from the redistributed ‘maximum,
Feb. 1976 moments diagram to that obtained from the maximum moments diagram before redistribution;

. n
o

If the percentage of redistribution is not known but the design ultimate moment at mid-span‘is obviously
the same or greater than the clastic ultimate moment, the stress f, in Table 10 may be taken as 0.58f,,
Compression reinforcement also influences deflection and the vzlue of the spanfeffective depth ratio
obtained from Table 8 or 9, modified by thé factor obtained from Table 10 may be multiplied by-a further

. oy o . AL " i ‘:[";il '

factor obtained from Table 11. . o N

Table 11. Modificagion factor for combréésion reinfc}rc'ement. :’-i'. SR

e

1004,

0 . Factor){ - : ‘ . . . "

-0.25 1,07
0.50 1.i4
0.75 1.20 -
1.0 1.25
1.5 1.33
2.0 1.40
=30 1.50

Intermediate values may be interpolated,

‘ _ s
The arca of compression reinforcement 4 used in Table 11 may include ali bars in the éompxjession'
zone even those not effectively tied with links. ‘ ‘ - C

Permissible span/effective depth ratios obtained from Tables 8 to 11 take account of normal creep and’ ‘
shrinkage deflection. If it is expected that créep or shrinkage of the concrete may be partipularly“‘l)ligh (e.g.

Documents
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if the free shrinkage strain is expected to be greater than 0. 000 75 ot - the creep coeﬁicxent greater than 4) «
or if other abnormally adverse conditions are expected, the permlssrble span/effective depth ratio should be .
suitably reduced. A rcducuon of more than 15 ¥ is unhkely to be requrred " : '
3322 Span/efectwe depth ratio for a flanged beam, For a Fapged beanir the span!eﬂ'ectwc depth ratlo may
be determined as in 3.3.8.1 but, when the web w1dth is less than 0.3 times the effective flange width), the
final ratio obtained should be raultiplied by 0.8. For vaiues of web width to effective flange width grealer‘ ;
than 0.3 this factor may be increased linearly from 0.8 to 1.0 as - the ratio of web width.to eﬂ'ecllve flange'
width increases to unity. Reinfercement percentages should be based on the eﬂ‘ccuvc flange width b of lhe
beam mulupl:ed by d " - L
a Ly
3.3.9 Crack control in beamns. In gencral the remforcemcnl spacmg rules’ glven in 3. l] 8 2 will. be the best
means of controlling flexural cracking in beams but in certain cascs, parucular]y where groups “of bars -
are used, advantage may be gained by calculating crack widths (see Appcndlx A) under serv1cc loads and
comparing them with the recommcndcd values given in Secuon 2, : 7

3.4 Solidslabs - L e j' S
3.4.1 Dcsign of solid slabs, In general e recommendations given in 3.3 for bcams w:ll apply also to sol:d
slabs but the followmg clauscs should bc taken into account. v ' : R

"I“, . " 1‘

3.4.2 Moments and forecs in sohd slabs in addmon to the methods used for. beams momens. .and shear:
forees resulting from both distributed and concentrated loads may be determined by elastic analy51s such
as those of Pigeaud and Westergaard. Aliernatively, Joh.msc:'] 5. yield-line melhod.or Hlllcrborgs slrlp
method may be used provided the ratio between support and span moments are similar to those obtained
by the usc of clastic theory. :values bctween 1 0 and 1.5 arc recommended i'._. )
3.4.3 Solid slabs spanning in two drrethons at right angles: uniformly distributed loads. In addition to other
methods the following may be used for the design of slabs spanning.in two drrer.uons at right angles and
supporling uniformly drsmbutcd loads. : ‘
Lo ,
3.4.3.1 Simply supporred s.'abs. thn srmp[y supportcd slabs do not “have adequalc provision to resist
torsion at the corners and to - prevent the corners from llftlng, thc max;mum moments per unll width ares
given by the following cquahons ' . ; o v s
My = a,nl} o : S - 14y
M,, = a,nl? o | . - (15" .

where M., and M, arc the maximum momcnts .1t mrd spdn on smps of,umt width and spans [, and Ly s cmenden
respectively, | ‘ Fob, 1976

n is the total ultimate load per upit area (1 44, + 1 ﬁqk), B

is the length of the longer side,
I is the length of the shorter side, ‘
o, and «,, are moment coefficients shown in Table 12.

..\';. |
Table 12. Bendmg moment coefficients fm slabs spannmg |n two dlrectlons
at r!ght angles, simply supported on four sides

Wh 10 L 12 13 . 14 15. 175 20 25 3.0

e 0062 0074 00684 - 0093 0099 0104 0113 0118 - 0122 0124
o, 0.062 0061 0059 0055 0051 0046 0037 0029 002 0014

At least 50 % of the tenslon reinforcement provrded at mid-span should extend to the supports The
remammg 50 % should extend to within 0.1, or 0.1/, of the support as approprrate.
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3.4.3.2 Restrained slabs. In slabs where the corners are prevented from lifting, and provision for torsion |
is made, the maximum moments per unit width are given by the following equations; = . X
N ) v al EN

i

Msl'.:pnnlxz ' " Lo ; " ‘ ' ' ;)(16) .

' v

!\'f,, = ﬁ,,nlf . - . ‘ g ST TR (17)

where M,, and M,, are the maximum moments at mid-Span on strips of unit wi
respectively, . :
n is the total ultimate load per unit area (1.4¢; + 1.6g,),
is the length of the longer side, o
L is the length of the shorter side, .
B and B, are coefficients given in Table 13. >

For these slabs the following rules apply. o o oo

v

- . L '
dth spanning /, and L .

(1) Slabs are considered as divided in each direction into middle strips and edge strips as shown in Fig. 5,

the middle strip being three-quarters of the width and each edgi:"-‘i';t/f'ip O{Qe-eighth qf the width,

RN

(2) The maximum moments calculated as. above apply only to the&;r}iddle 'st'rips.; .and no redistribution -

Q0

should be made. | ! N W

A

4

Y T
]

Ix : Midile strip
HE| A
AN
T

R !

i

L — :’d/y

a. For span /x i v . b. For spa.ﬁ ly

;-

b

Fig. 5. Division of slab intc'}:;_ipidlﬁlle and edge strips |

¥ [

1
.

-(3) Tension reinforcement provided at rhid-span‘in the middle strip ‘éhould”extex.a.d in the ldwe; p.zii't"of; S
the slab to within 0.25/ of a continuous edge, or 0. 15/ of a discontinuous edge, At least 50'% of this.". .
reinforcement should extend to within 0.15/ of a continuous edge, and to within 50 mm of a discontinuous™ .

[
93 '

edge.

t

part of the slab a distaace of 0.15/ from the support, and at least 50,% should extend a distance of 0.3/,

(5) At a discontinuous edge, negative moments may arise. These depend on the degree of fixity at the

(4) Over the continuous edges of a middle strip, the tension feinforcement should‘l,‘extgnd in’the upper .

edge of the slab but, in general, tension reinforcement equal to 30.% of that provided at ‘mid-span extending e

0.1/ into the span will be sufficient. S , . . :
(6) Reinforcement in an edge strip, parallel to that edge, need not exceed the minimum givén in 3.11.4.1.
together with the requirements for torsion described below. e '
(7) Torsion reinforcement should be provided at any corner where the slab is Simply éuppdrted on both

" edges meeting at that corner. It should consist of top and bottom reinforcement, each with layers of bars

placed parallel to the sides of the slab and extending from the edges a minimum distance of one-fifth of
the shorter span. The area of reinforcement in esch of these four layers should be three-quarters of the
area required for the maximum mid-span moment in the slab. ‘ Y ¥ o
(8) Torsion reinforcement equal to half that described in the preceding ‘paragraph’ should be provided.-
at a corner contained by edges over only one of ‘which the slab is continuous. ‘ L -
(%) Torsion reinforcement need not be provided at any corner contained by edges over both of which
the slab is continuous. R s ‘

ol

Where /,/I. is greater than 2, slabs should be designed as spannihg one wﬁy ‘b:tx'iy.'

t c11 . 31

: 4‘-:‘-1-':_“.'.Ji..;_'
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Table 13. Bending momem c.o«-:f:cnents for rectangu!ar panels supported on
four sides with provnsuon for torsion at corners i o
T foanslond Short span coefficients §,, ';‘” ‘  ,\ - Lor;g span .
1 - = — —————" coefficients
Casc m%ﬁe?:tﬁsﬁs?dl::rcd Values of 7,1, - L e i - ‘,:ﬂ., I'ocrlﬂll .
. - - — — valuesof .. )
L - N C R Y - T ¥ A
. : :11 u e
U Interior panels S i 'f: T
. Negative moment at con- L . R
tinuousedge = 0.032 0.037 “0.043 0. 047 0051 0053 0.060 0.065 - 0.032~ .. =
Positive moment at mid-span 0.024 0.028 0.032 0. 036 10039 0.04] » .0.045” 0.045  0.024 e
,' .2 Oneshort edge discontinuous ] : s ‘ - Y
Negative moment at con- o A o ‘ - S
3 tinuous edge . 0037 0.043 0048 0.051 0.055 0 057 0. 064 0. 068 0. 037 .
Positive moment at mid- span . 0028 1 0.032 0.036 0039 0.041 0 044 0. 018 0 052 0. 028
' N . R " . ' L..‘
. 3 Onelong edge discontimious L 3 e .j" : - B
Negative moment at con- - A L T - T
tinuous edge . 0.037 0.044 0.052 0057 0.063 0 06'1T 0. 077 0. 085 0. 037 S ]
_ Positive moment at mid-span 0.028 ~0.033 0.039 0.044 - 0.047 0.051 0 059 * 0. 065 0 028 S
N 4 ‘ o P L
' . 4 Twoadjacent edges ' ‘ o (‘1 W .
h discontinuons - S o ST .
Negative moment at con- B Y ‘ S
. tinvous edge 0.047  0.053 0.060 0.065 O. 071 0. 075 0 084 0 091 0. 047 Asamended
‘ Positive moment at mid-span 0.035 0.040 0.045- 0.049 - 0.053" 0. 056 0.063 0. 069 “0., 035 .
5 Twoshort edges discontinuous ' . o j - o B L N B .
Negative moment at con- ‘ A R T
tinuous edge o 0.045 0, 049 0.052  0.056 0.05% 0. 060 0. 065 0. 069 L= B
Positive moment at mid-span 0.035 0.037 0.040 0.043 0 044 0 045 0 049 0 052 0 035 ]
- N l | .
6  Two long edges discontinuous £l . L L .
Negative momentat con- // i - "fl.'v ' ;f o !
~tinuous edge : L — — — — = = 0045 _ .
. Positive moment at mid-span 0.035 0.043 0.055 . 0. 057 10.063 " 0. 068 0 080 0 088 0. 035 L '
1 Three edges discontinious _ D L o L ' ‘
(one lang edue continuous) 4 _; s ST _
Negative moment at con- ' L f ‘ l -_:-; Yo R (I
tinuous cdge - C.057 0.064 0.071 0. 076 0 080 0 084 0 091 0097 — :
Positive moment at mid-span 0.043  0.048 0.053 0.057 . 0.060 0 064 0. 069 0. 073 O 043
8  Three edges discontinuous' L G
(one short edge discontinuous) !
Negative moment at con- - Y R . "
tinuous edge e - = = = —_— —  0.057
Positive moment at mid-span - 0.043 0.051 0.059 0.065 . 0.071 0 076 0 087 0 096 0. 043 ‘

9 Four edges discontinuous - ’ J
Positive moment at mid-span 0.056 0.064 0.072' 0.079 0.085 0089 0.100 0.107- 0.056

35 s e, JDQEU
, R SO gy ‘
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3.4.3.3 Loads on supporting beams. The loads on beams sup'porting solid slabs_spanning in tngdircctibns o % L
at right angles and supporting uniformly distributed loads may be assumed to be in accordance with Fig.6 . .~ . ¥
' N S F 5 o Y N o :::—‘
I Y B I T - A Ty ! : ’ L'J;, N . L
A \ ° . B 3 T - ' ‘l:j. , . oy i3 -
45" ) I vy O ad
N . L ' ki 0
Load included in | ) % P ' I
this shaded area : ’ : ‘ v o
to be carried by ! , . . S - o
beam A ———— R .,‘" . oo R
. o ~ gL ., ook
ol L
K} L DU ,
B R * ‘ .
.Load included in g T v o . - aos ® *
this shaded area w o e g . - "
to be carried by . L ’ o -
) heam B , o . | © : , RN :.'_.
Fig. 6 l.oad carried by supporting beams - Lo Ty
' ) - v . L ) i 7
. | a _
“" (A} = o
3.4.4 Resistance moment of solid slabs. The ultimate resistance moment of a cross-secuon in bOIld slab o - ER
may be determined by the methods given in 3.3.5; for beams. o~ Q LN "
3.4.5 Shear reais(a'n'cc of solid slabs o - R S . -"r-;.i':"_
3.4.5.1 Shear stresses in solid slabs. general. The shear stress v at any Cross- sectlon in a sol:d slab should . B
be calculated from: : : A 6 R ‘.;r,‘.‘._' -
2 Sy " e T
V . ok, 4 o o
V= b-‘-i - 2 bl i“,,‘ - "l‘i l J . (18)“ .
Lo [ . Lo b . - e S
where Vis the shear force due to ultimate loads; ' L o T E
b is the width of slab under consideration, . v ‘ e oo ,‘\f : o
d is the effective depth. : } I T R
C e LR
No shear reinforcement is required when lhe stress v is lessthan ._E,vc ‘ R T o
where £, has the value shown in Table 14 and : T R "":;“';3; R
v. is obtained from Table 5. . § ‘ " SR - :
Table14. Valuesof ¢, ‘ : o R
Overall slab depth £, h ' e L 27 S o
mm ‘ T . ,;-‘ e N
300 or more 1.00 ' ) B
275 1.05 , i £
250 1.10 o ‘ i
225 . INEI ) b T S > |
200 §.20 i : - ‘.
175 : 1.25 N i
150 or less 1.30
It
The shear stress v in sohd slabs less than 200 min thick should not exceed £,v.. Lo v e e
In solid slabs at least 200 mm thick, when v is greater than £,v;, shear remforcemcnt should be prov:ded a :

as for a beam (see 3.3.6) except that the space between links may be increased to d and E,ve subsmuted for
v, in equation (9). :

The maximum shear siress due'to ulumate loads should not exceed half the appropnale value g:ven m
‘Table 6 for a beam. : " : I
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3.4.5.2 Shear stresses in solid slabs under concentrated loads. The cnt:cal séctiﬁn for caiéqlaﬁné shear should

te taken on a perimeter 1.5k from the boundary of the loaded area, as shown in:Fig. 7, where his thi:__
overall slab thickness. The shear stress v resulting from the concentrated Joad should be assumed to have

constaut value throughout the effective depth and Iength of this critiéal perimeter. .’ T ) v

0o

‘ '4—1.Sl":>' _

w - -
N g \
el '

Loatfed area —

W

- I
©J&—Critical section’ . .

Fig. 7, Perimeter for shear stress in solid slabs

No shear rcihforcemeng is required when the stress o is less than &b, (see 3.4.5.1).

T
Lo

The value of 1004,/bd to be used in Table 5 should be taken as the average for the two directions. A, m

each direction should include all the tension reinforcement within a strip of width 4 equal to the width .. -

of the loaded area, plus three times the depth of slab on either side of the loaded areas. - =
In solid slabs at least 200 mm thick, where v has a.value between .0, and half the maXiJ'num-valuc allowed
for a beam in Table 6, an area of shear reinforcement should be provided on the critical periméter and a
similar amount on a parallel perimeter at a distance of 0,754 inside it, such that . v
‘ ) 1, \

‘ L

~ti | S

where Y A,, is the area of shear reinforcement, ' "

fye  is the characteristic strength of the shzar reinforcement, \#hich should not be taken greater.

than 425 N/mm?, ¥

Ueryy 18 the length of the critical perimeter. ) 2 S

Values for shear stress should be calculated on perimeters progressively 0.75k out from the critical peri-
meter and, if {,v; continues to be exceeded, further shear reinforcement should be provided on each perimeter
in accordance with the above equation, substituting the appropriate values for v and u,,;,. Shear reinforcement

should be considered effective only in those places where the slab depth is greater than or equal to 200 mm, .
Shear reinforcement may be in the form of vertical or inclined links anchored at both ends by passing round

the main reinforcement. Links should not be spaced further apart than 0.754 and, if inclined links are used,

the area of shear reinforcement should be adjusted to give the equivalent shear resistance, L
When opecings in slabs and footings (sce Fig. 8) are located at a distance less than six tis

_ of the slab from the edge of}a} concentrated load or reaction, then that part of the periphery of the critical
section which is enclosed by vadial projections of the openings to the centroid of the loaded area shall be

considered ineffective.
| —‘[—Openings

N

Lozdad area

i — Crilical section.

mes the thickness .
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. Where one hole is adjacent to the column and its greatest width. is less than one quarter of the column
side or one-half of the slab depth, whichever is the lesser, its presence may be ignored.

calculated and compared with the serviceability require-
will be sufficizat to restrict the spanfeffective depth ratio.
: e obtained from the Tables 8 and 9, modified by Tables 10
and 11. Orly the reinforcement at the centre of the span in the width of slab under consideration should be
considered to influence deflection. The ratio for a two-way spanning slab should be based on the shorter
span‘and its amount \of‘ reinforcement in that direction.
e ey . - g

34,7 Cr'ack'contrbl in solid sihbs. In'géneral, the reinforcement spacing rules given in 3.11.8.2 will be the
- best means of controlling flexural cracking in slabs but, in certain cases, advantage may be gained by
ti) ck widths (sec Appendix A) and comparing them with the recommended values given in

3.5 Columns
3.5.1 General

rooon T
AR P "

3511 Size and reinforcement of éolumns. The size of a column and the position of the reinforcement in it
may be affccted_ by the requirements for durability and fire resistance, and these should be considered before
the design is commenced. : : ‘ Y

Thc-minimunl cross-sectional area of longitudinal reinforcement provided should not ;’riormally be less
then 1 %. However, for lightly loaded members, it wil be sufficient to provide'a minimum area A, such that -

A4S, 20458 .
where /, is the characteristic strength of the reinforcement o [
N is the ultimate axial load. . : L P

A column which is intended to act as a very short length of plain concrete wall may be designed in

accor_dance with 5.5, ‘ ‘ i

3.5.1.2 Short and slender columns: deﬁniria‘i:}—.\‘?\ column may be consideregi as short wh:':i both the ratios
l../h and 1ey1h are less than 12, It should otherwise be considered as slender. In this case i

l.¢ is the effective height in respect of the major axis, f
ey is the eflective height in respect of the minor axis, J
h is the depth in respect of the major axis, ;
b is the width of the column. i

3.5.1.3  Braced and unbraced columns: definitions. A column may be considered braced ',:m & given plane if
lateral stability to the structure as a whole is provided by walls or bracing -designed o resist all lateral
forces in that plane. It should otherwise be considered as unbraced. X ’

3.5.1.4 Effective height of a column. The effective height /, in a given plane may be obt:_i'ined from Table 15.
Values given in the table are typical only and indicate gencral principles which may be ‘used to assess values
for any particular column., g -

L
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Table 15. Effective column height

Type of column - . Effective coltmn helght

NE Braced column properly restrained in direction 0.754,
I at both ends

Braced column imperfectly restrained in direction *= A value intermediate between 0. 75! and f

at one or both ends depending upon the cfﬁcxency of the dlrecuonal

restraint . . .
Unbraced or partially braced column, properly A value intermediate betivcen A and 2! depending . ‘
restrained in direction at one end but imperfectly upon the efficiency of the directional restraint and i
restrained in direction at the other end bracmg

y L ’ o

For a framed structure, effective heights may alternatwely be obtamed from. .
for a braced column, the lesser of o

I, = 1]0.7-+0.05(, + )] < Iy | S o)

I = 1(0854+0.050, me) < I, - o R @)
for an unbraced column, the lesser of ' ' B J
I, = 1,[1.0+0.15(x,; +a.,)] o , LT () ‘
I, = 1,2.04+030, ) R AT (23)
where /,  is the clear height between end restraints, S w | SEREU i

&, is the ratio of the sum of the column snﬂ'nesscs to the sum of the beam stiffnesses at onc end
, of the column,
. ., is the ratio of the sum of the column stiffnesses to the sum of lhe beam stlﬁ'ncsses at the
other end of the column, o
Bemip 15 the minimum of o, and «,,.

When calculating «,, only members properly framed into the end of the column i in the appropriate plane
of bending should be considered. The stiffness of cach member should be obtained by dividing the second
moment of area of its concrete section by its actual length. For flat slab construction, an equivalent beam -
should be taken as having the width and thickness of the slab forming the column strip. When connection 5,
between a column and its base is not designed to resist other than nominal moment, or when the beams '
framing into a column are designed as simply supported, . at such positions should be taken as lO Ifa
base is designed to resist the column moment, o, may be takcn as 1.0

3.51.5 Siena'erness limits for columns, Generally, the clear distance /, between end restraints should not
exceed sixty times the minimum thickness of a column.
If, in any given plane, one end of an unbraced column is unrestrained (e.g. a canulcver column), its clear
3 height /, should not exceed

1005*
h

where 4 is the depth of the cross-section measured in the plane under consideration,
b is the width of that cross-section.

o L= \24) i

e

For unbraced columns, the considerations of deflection (sce 3.5.8) may int;joducé further limitations.

3.5.2 Moments and forces in columns. The moments, shear forces and axial forces in a column forming .
part of a monolithic frame intended to resist lateral forces should be determined in accordance with 3.2.2 -
except that if the column is slender the moments induced by deflection should be considercd. An allowance

for these additional moments is made in the design recommendations for slender columns which follow and

the bases or other members connected to the ends of such columns should also be designed to resist these

additional moments if the average value of /,/4 for all columns at a particular level is greater than 20.

39 (-memrrT
o R45
g/ 602302
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In column and beam construction, or in a monolithic structurai frame not intended to resist lateral loads,
the axial force in a column may be calculated on the assumption that beams and slabs transmlttmg force into
it are simply supported. When a column is axially loaded or the axial force dominates, as in the case of
columns supporting symmetrical arrangements of beams, only the ultimate axial force need be cousndered
in design apart from a nominal allowance for eccentricity due to construction tolerances. When a column is
not symmetrically loaded the ultimate moments induced in it may be calculated by simple momeant distribution
procedures, on the assumption that the column and beam ends remote from the junction under consideration
are fixed and that the beams on either side possess half their actual stiffness, The arrangement of the ultlmate
imposcd load should be such as to cause the maximum moment in the column.

3.5.3 Short braced axially loaded columes. To allow for eccentricity due to construction tolerances the

ultimate axial load for a short column which by the nature of the structure cannot be subjected to s:gmﬁcant
moments should not exceed the value N given by:

N = 04f,, A, +0674,.f, g @)

where f,, is the characteristic strength of the concrete,
A, is the area of concrete,
A, is the area of longitudinal reinforcement,
Sy is the characteristic strength of the compression reinforcement.

3.5.4 Short braced columns supporting an approximately symmetrical arrangement of beams. The ultlmate
axial load for a short column of this type where -

(1) the beams are designed for uniformly distributed imposed loads and
{2) the beam spans do not differ by more than 15 % of the longer

should not exceed the value N given by: ‘
N =035/, 4. +0.604,. f, o -, (26)
where the symbols have the same meaning as in equation (25).

3.5.5 Short columns resisting moments and axial forccs. Any short cqumn may be designed in accordance
with the following recommendations provided the moment at any cross-section is not taken to be less than
that produced by considering the uitimate axial load as acting at an eccentricity of 0. 05:':,,,,,,, where Ay, is the
minimum depth of cross-section. This is a nominal allowance for eccentncnty due to construction tolerances.

Generally, only single axis bending requu"es consideration, Even where it is p0551ble for significant moments

to arise snmullancously about both axes it is usually sufficient to design for the maximum moment about the
critical axis.

3.5.5.1 Analysis of sections. When analysing a column cross-section to determine its ultimate resistance to
moment and axial force, the same assumptions should be made as when analysing a beam (sce 3.3.5.1).

3.5.5.2 Design charts. The design charts which form Parts 2 and 3 of this Code, include charts (based on
Figs. | and 2 and the above assumptions) which may be used for thc desxgn of column sections having a
symmetrical arrangement of reinforcement.

3.5.5.3 Design formulae, The following formulae may be used, as appropriate, for the design of a rectangular
column having longitudinal reinforcement in the two faces parallel to the axis of bending, whether that
reinforcement is symmetrical or not.

(1) In a column where the ultimate axial load does not exceed the value & given by cquation (27) only
nominal reinforcement is required.

N = 0.4/, b(h—2e) (27)

. L M h ,
provided the resultant cccentricity ¢ = v does not exceed 3~ d',

where f,, is the characteristic strength of the concrete,
M 1s the maximum moment due to ultimate loads about the axis considered,
b is the breadth of the section,
h is the depth of the séction in plane of bending,
d' is the depth from the surface to the reinforcement in the more highly compressed face. -

40



http://www.avadocuments.com/doc/cp-110-1-1972
http://www.avadocuments.com/doc/cp-110-1-1972

cP0port "i972

(2) ‘When the vltimate axial load N is greater than that glven by equahon (27) the slrength of lhe sect:on
may be assessed using equations (28) and (29),

N =0.4f,,bd, +0.72f, Al +£,, 4, L R (28)

o Y7 LA h ‘ e
M = 0.2f,, bdy(h—d)+0.72f, 45 (i - 4) fadsi (-- dz) T @y
. oo C Co
where fi,, M, b, k and d’ are as given above, and o o
Ay, is the area of compression reinforcement in the n more highly compressed face
A,z is the area of reinforcement in the other face which may be considered as bemg either in com-
pression, inactive or in tensmn as the resultant eccenmcny of load increases; and d, decreases from '
hi to 2d',
Jy2 is the stress in this remforcement which should not exceed 0. 72}; when compresswe or =0, 87f,
when tensile, ' "
d, is the depth to this reinforcement from this face,

d, is the depth of concrete in compressmn which may be chosen as appropnate, but nottbe taken as.
less than 24", v A ; T :

" ,
(3) As an alternative to (2) when the resultant eccentncny e is. not less than (—2—-— d,) the ax:al load may

AT

be 1gnored and the column sectxon may be des:gned to’ renst nn mcreased moment

M, =M+N(ﬁ-d,) S e e e (30)

L ot I

The area of tension reinforcement necessary to prowde res:stance to. this mcreased moment may be reduced
by the amount N/0.87f,. -

3.5.6 Short columns: biaxial bending. In those cases when 1.t is necessary to eon51der blaxlal bendmg ina
short column, a section may be designed such that: . I7

o

where M, and M are the moments about the major and minor axes respectwely, due to ultlmate loads,

M, ' isthe maximum moment capac:ty assuming ulumate ax.\al load N' and bendmg about the
major axis only,

M, is the maximum moment capacity assurmng ulLImate axlal load N and bendmg about the
minor axis only, and . .

ay, is related to N/N,, as piven in Table 16 . L ‘ o
© where N,, = 0.45f,, 4,+0.75/, 4 D L L (32)

Table 16. Relationship of N/N, to a,

NN %z

£0.2 1.0
0.4 1.33
0.6 1.67

20.8 2.0

3.5.7 Slender columns, In general, a cross-section of a slender column may be designed by the methods given
for a short column (see 3.5.5 and 3.5.6) but in the design, account must be taken of the additional
moments induced in the column by its deflection. Additional moments diagrams are given in 3.5.7.5, but for
slender columns of rectangular cross-section having a symmetrical arrangement of reinforcement the following

subclauses apply.
| «fd5 . 2304 I
T
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- designed for its ultimate axial load N together with the moment M, gwen by e
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.‘"

N L . L  -_ I "’:a‘;"{f o
M=M + I?SO(h) (1—-0.00352) o - ‘ I ‘ N (33)
where M, is the maximum initia! moment in the column due to. 'IUmatc loads (but not lcss than OOSNh)
calculated using simple elastic analysis, g T

h s the overall depth of the cross section in the plane of bcndmg. s S

I, is the effective height either in the plane of bendmg or in the plane at nght angles whlchcvcr is’

greater, . o ) _ :- ‘ . e

For a braced column where no transverse loads occur in its helght thc value of M. may be rcduced to

U feduced toz.
M, = 0.4M, +0.6M, T, I

where M is the smaller initial end moment due to ultimate loads (assumed negat:ve if the column is bent in.
doutle curvature), : L

M, is the larger initial end moment due to ultimate loads (assumed posxhvc) .
In no case, however, should M, be taken less tl\an 0.4M; or such that M, is less than M,
3.5.7.2 Slender columns bent about a major axis. When the overall depth of its cross-siction is lesw than three

times the width, a slender column bent about a major axis should be desxgned for its ulhmate axsal load N
together with the moment M, given' oy ‘ : ' :

M=+ l?sO(b)( ~ 00033 b) T R 6.

where M,, I, and # are as defined in 3.5.7.1 and o cod et e

b is the width of the column cross-section at right angles to the plane of bendmg

Alternatlvely, a column bent about its major axis rnay be treated as blax:ally loadvd thh no mmal momenl

about the minor axis. .

3.5.7.3 Slender columns beur about both axes. A slender column bem about t'oth axes shculd be de51gned for
its ultimate axial load ¥ logcther with the moments M,, about 1ts major axis and’ 1 about its minor axis
given by: : : -

Nh Iu | cx L l 7‘ '. | ' B ,- .
M= My + ks () (1-omss%) e e

= Nb ’ey 2 Iﬂ, ' . . S . ) . l‘. o
M: = Mnr + 1—7'% (-—6-) (1 = 0.0035 3) : | : | ': E - | (37);; LV

where M|, is the initial moment due to ultimate leads-zbout Lhe ma;or ams
M, is the initial moment due to ultimate loads about the minor axis,
{x is the effective height in respect of the major "axis, |
l.y s the effective height in respect of the minor axis,’
i is the depth in respect of the major axis,
b s the width of the column.

3.5.7.4 Adjustments to additional moments in slender columns. In each of the equations (33), (35), (36) and
(37), the second term represents the additional moment induced in the column by its deﬁccuon and this
may in all cascs be reduced by mulliplying by the factor X, where

N,,—N
Nuz_'NbaI

where N is the ultimate axiai load,

K=

N,y is the capacity of the cross-section under pure a:ual load which may be computed from equation .

(32),
Ny s the axial load corresponding to the balanccd condition of maximum compressive strain in the
concrete of 0.0035 and tensile strain in the outermost layer of tension steel of 0,002,

<1 o R e

QRd5
435 2305
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Unbraced columns, at any given level or storey, subject to lateral load are usually constrained to deflect
sideways by the same amount. In such cases L/k (or L/, L,/k I.,/b as appropriate) for each column may be

taken as the average for all columns acting in the same direction. . o -
3.5.1.5 Additional moment diagrams. Generally, the crosé—sgctioh provided will bé uniform. In Easeswhére o
it is desired to vary the cross-section along the column length, this may be done from bending moment -

oo ' . A . hL !

diagrams constructed in accordance with Figs, 9'and 10."

n

Ml !3 dc‘ = Mt t - A._lz._,q‘:[l f;‘,

A
/q\-\.—-' s
Additional moment  [7S<r

A s
Initiai  —""F
momnenis »

\

1
\ ; e
\ dgh ot Audilicnal
-__'.’%j,/f - munant
_/._\E/ |
] .

Lo, t
1

n---t-—i-l-q—-—-,'i,.-,\': e S

M /3 Cens Aﬁ—L———--———-——:--!

!

Fig. 9. Additional moments in braced columns

My, A
ll“_-a add

;//___&

.
"
5

A

7.

Gcy Magd - ,.LA:fl l M add i/f_._j

Eea
Case where oy < cgy Case where g, > o

Fig. 10. Additional moments in unbraced columns

In Figs. % and 10, the terms /,, M, M, ¢.,, &, and M, should be taken as defined in 3.5.1.4 and 3.5.7.1.
In Fig. 10, the term M, 4, is introduced; this defines the maximum additional moment and should be taken
as the second term of the expression for total moment given in equations 33, 35, 36 and 37, as appropriate.

3
3.5.8 Deflection of columns, For a braced column within the recommended limits of slenderness, no specific
check on deflection is necessary. ‘ S

For an unbraced column, the deflection in normal cases may be considered to be acceptable if in that
direction the average value of /_f4 for all columns at that level is less than or equal to 30. o

In single storey construction where no finishes susceplible to damage as a result of deflection are present,
an unbraced column within the recommended limits of slenderness {see 3.5.1.5) may be considered to be

acceptablt;.
o | ‘i“l ;

LN Tt
I A

o
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3.5.9 Crack control in columns. Cracks due to bending in a cdlun;n déé'ign‘e'clll]s"i‘or' an ‘ultimate axial load

greater than 0.2f,.4, are unlikely to occur and tierefore no check is required. A_[im.ore lightly loaded column
subject to bending should be considered as a beam for the purpose of crack control. - R
] i b . .

i
i

L
W=

3.6 Flat slab construction T o SN
3.6.1 General ‘ T SR '

I : Iy

T
e

3.6.1.1 Definition of flat slab. The term flat slab means a reinforced conbfete slab with or without drbps and

supported, generally without beams, by columns with or without flared é’olumn'heads (see Fig. 11). A flat slab .

may be solid or may have recesses formed on the soffit so that the soffit comprises a series of ribs in two
directions. ‘ ‘ o

y H ‘ { :I o .‘ I o
i | IT "\. _ .LI ‘ ) '_J‘I‘ e
4 Omnl Ny L e

he T"Ar)y cohcreta irg;.' ‘ o K
he - o Mhisareaistob: - T L L ‘
neglected inthe o S s
“calculations o e
: f‘
a. Slab without drop and colurin b. Slab without drop and column

without column head with column head

! | I ! L
—d —
I . ‘ “ ' . . :.
40 mm . S ' e
Any congrete in ‘ L e
this area istobe - .

f+—A g —»] neglected in the
calcylations

c. Slab with drop and column with column head

Fig. 11. Types of column heads

3.6.1.2 Notation for flat slab construction. The following special notation is used in 3;:6.1 to 3.6.6 inclusive:

/, is the length of a panel in the direction of span, measured from the centres of éolumns’;

/5 is the width of a panel measured from the centres of columns, '

I, 1s the average of /; and /,, : ‘ : :

h. is the diameter of the column or column head (sec Fig, 11), which shall be taken as the diameter of a
circle of the same area as the cross-section of the head, '

n is the total ultimate load per-unit arca of the panel (1.4gy + 1.64,).

M

- 3.6.1,3 Column heads. Where column heads are provided, the heads of interior columns and such pdrtions

of the heads of exterior columns as will lie within the building should satisfy the following requirements:

(1) the angle of greatest slope of the head should for the purpose of analysis not exceed 45° from the
vertical, ‘ ~ o ‘

(2) the diameter of the column head #, should be taken as its diameter measured at a distance of 40 mm
below the soffit of the slab or the soffit of the drop where provided, as shown in Fig. 11, but not greater than
0.251,. o ‘ -

3.6.1.4 Division of panels. Flat slab panels should be assumed to be divided (see Fig. 12) into column strips
and middle strips as follows: '
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(1) the width of the column strip should be taken as one half ol‘ the width of the panel ev.cept that where
drops are used, it may be taken as the width of the drop, ' ‘
(2) the width of the mlddle strip should be taken as the d:ﬂ‘erence between the w:dth of the panel and that

of the column strip. : = . . .

i " z [

|
l

1
E
1
I | et
| { minus
|
l

|
|
N
N
drop width .l \udLh

~Centre lingand —
posmo-l of max.posilive moment “F

2 ;. _ "|-Halt Halt | ' I Halt”

column | Middle strip Icl::lurnn column | Middlz steip | column

strin . Isrlg "l strip e steip
1

1 § |
| : | ‘ E
Position of maximum - ’ | ’

negative moment

a, Where drops are not used : b thre drops are nsed

Fig.12. Division of flat slab panels mto columnand middie strlps

3.6.1.5 Thickness of panels, The thickness of the slab will generally be controlled by consuderatlons of
deflection (see 3.6.3). In no case, however, should the thickness of the slab be ]ess than 125 mm.

3.6.1.6 Openings in panels. Except for opemngs complying with the condltlons (1, 2) and (3) below
openings should be compleiely framed on’ ‘al} sides with beams to. carry the ioads to the columns and an
opening should not encroach upon a column head.

(1) Openings of a size such that the greatest dlmensmn ina dn‘eeuon parallel to a centre line of the panel
does not exceed 0.4/ may be formed in the area common to two intersecting middle stnps provided that the
total positive and negative moments specified in 3.6.5.2 or 3.6.6. 2 are redistributed between the remammg
principle design sections to meet the changed conditions, : Co -

(2) Openings of aggregate length or width not exceeding one-tenth of the width nf the column strlp may
be made in the area common to two column strips, provided the’ reduced sections are capaole of risisting the
appropriate moments specified in 3.6.5.2 or 3 6.6.2 and provided the penmeter l‘or calculanng shear stress is
reduced if appropriate. L .

(3) Openings of aggregate length or W1dth not exceeding one- quarter of the w:dth ol‘ the column strlp may
be made in any area common (o one column strip and one middle strip, provxded the reduced scctions are
capable of resisting the appropriate momerits speclﬁed in 3.6.5.2 or 3.6.6. 2 ‘

3.6.2 Shear in flat slabs. In the case of structures in which stability i is prowded by shedr walls or othe.
bracing designed to resist the lateral forces and where the ratio between adjacent spans does not exceed 1,25,
the shear force should be calculated for the condition where the ultimate jmposed loads are apphed to all
panels adjacent to the column being considered. The design shear force should be taken as 1.25 times the
shear force so calculated to allow for non-symmetrical distribution of shear round the column and the design .
for shear should then be in accordance with 3.4.8.2, . : ‘ Feb. 1976

In other cases the total moment Af being transmitted to the slab at each column slab connectlon should be
calculated and the design checked in accordance with 3.4.5.2 for a shear force increased by the factor
sl _ ' S '
+-—'V, L
or 1.25 whichever is the greater, where V is the sheur force and ! is lhe longer of the two spans in the direction
in which bending is being considered. It will be nectssary to consider various arrangements of ultimate
imposed loads in cases where the ratio between adjacent spans exceeds 1.25, leading to vanous combinations

of Mand V.
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- :\‘

The factor should be taken'as 1.25 for corner co]umns or edge columns being bent at rlght angles to the o
edge R . ! ‘:. i Lt ' '7 o I“f 4[":'l o ' ' B -

R " '
T |

3.6.3 Deflection of panels. For slabs with drops gf total WIdth in both d:rectlons at [east equal to one thtrd
of the respective spans the provisions of-3.4.6 ca}1 be apphed dtrectly OtherWtse the span/eﬂ‘ectwe depth
ratios obtained from 3.3.8.1 should be multlphedﬁby 08. - = L

3.6.4 Crack control in panels. In general the remforcement spacmg rutes gwen in 3. 11 8 2 w1|l be the best o
means of controlling flexural cracking in panels but in certain cases, advantage may be galned by calculatmg

crack widths (see Appendix A) and comparmg them wrth the requ:red values..

"
=, .
ik

3.6.5 Design: continuous frame method L R ::"3‘_" T S F_,fif k

3.6.5.1 Analysis of structure. The structure may be divided into a series of frames and ana]ysed in accordance
with the lollowmg assumptions, - S ‘ : G e

(1) The structure may be divided longttudmally and transversely into f‘rames con51stlng ot‘ co]umns and
strips of slab. In certain circumstances, the slab snﬂ"ness will be overestimated by taking a sirip of width equal "
to the distance between the centre lines of the panels on each side of the columns. Generally, in the caseof ' " 0
vertical loading, the full width will be appropnate In the case of hor:zonta[ loading, the width may, be halved '

(2) Each frame may be analysed in its entirety by Hardy Cross or other suitable elastlc methods Alterna--‘ -
tively, 2ach strip of ﬂoor and roof under vertical load only may be analysed as a separate frame; wnth the ™
columns above and below fixed in position and direction at their extremities. : :

" (3) The second moment of area of any section ot'slab or column used in calculatmg the relatweest:ﬁ'ness of
members may be assumed to be that of the gross cross-section of the concrete alone. The stiffening cffect of
drops and-flared column heads may be ignored. In the case of a recessed or coffered slab which is made solid
in the region of the columns, the stiffening effect may ke lgnored prov:ded the solid'part of the slab does not
extend more than 0.15/into the span measured from the centre line of the columns Y o

It will be sufficient to consider the l'ollowmg arrangements of‘load

(1) Alternate spans loaded with total ult:mate load (1 4G.-' 1.60,) and all other spans ]oaded w:th
minimum dead load (1.0G\).’ ‘ B : S

2 Any two adjacent spans [oaded w:th total u]tlmate load (l 4Gk+l 6Qk) and a!l other spans ]oaded
with minimum dead load (1.0G.). o

The negative moments so abtained may be reduced by up to'15 %, prowded that cond.trons (i) (2) and
(4) of 3.2.2.3 arecomplied with. - ,L v :

[ )
3.6.5.2 Design of slabs. Slabs should be designed for the moments given by 3651 except that greater
negative moments than those at a distance /> from the centre line of the column may be 1gnored The
moments should be divided between the column and middle strip in the proport;ons_gwen in Table t? o

Table 17. Distribution of moments in panels of flat slabs desngned as
continuous frames . .

Appaortionment between column and middle |
sirip expressed as percentages of the total
negaltive or positive moment {(sce Note)

Column strip Middle strip

Negative moments 75 ) 25
Positive moments 55 ) 45

. ' S !
NOTE, Where the column strip is taken as equal to the width of the drop, and the middle strip is thereby increased in width te
a value greater than half the width of the pancl, the moments to be resisted by the middle strip should be increased in proporuon
to its increased width. The moments to be resisted by the column strip may then be decreased by an amount such that there is .
no reduction in either the total positive or the total negative moments reslsted by the co[umn stnp and middle strip togcther o
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The sum of the maximum :i)'ositive moment and the average of the negative moments used in the design of
any one span of the slab should, for the whole panel width, be not less than: IR

le th 2 ":.I. ' Lt o o S ' ~"‘I‘-'u_,:_, o -A “' -'=,,‘:=:_

. ’r . Ui

3]

B i
o i

When the above condition is not satisfied, the negative' moments should be increased. < - o ’
3.6.5.3"Arrangem'enr of reinforcement. The reinforcement should be\\arfan‘gcd. in accordance with 3.11.7.1 but
where appropriate the detailing may be based on similar principles to the ‘Tules given in 3.6.6.3 for.the,
empirical method of design. , R PR o Ce ’ R

B ¥ ' . o ey 3 d X : ' e 2 ‘”,”'. :
3.6.5.4 Panels with marginal beams or walls, Where the slab is supported by a marginal beam with a depth
greater than 1.5 times the thickness of the slab, or by a wall then: L - _ u 9

(1) the total load to be carried by the beam ‘or wall should comprise those Iéad} directly on the .‘"-'I?
beam plus a uniformly distributed load equal to one-quarter of the total load on ihe panel, and, T

(2) the moments on the half-column strip :adjacent to the beam or, 'wall should be one-quarter of the S
moments given in 3.6.5.1. o g ' T N
of 35.

O

o '

t orl':"

e

3.6.5.5 Design bfca!umus. Columns should be giejsigﬁcd in accbrdar‘:.ce‘wft_h the provisions

N o

TR LA o
3.6.6 Design: empirical method - e T
3.6.6.1 Limitations of the empirical method. Moments iay only be assessed using the methods given in 3.6.6 ¢
if the following conditions are satisfied. * S L e f
(1) The slabs should comprise a series Qf‘ rectangular ﬂanels of épproxirﬁately constant thickness in_at ":';.:-
least three rows in two directions and the ratio of the length of a panel to its width'should not exceed 4.+'3. [+
(2) Stability of the structure is provided by bracing or shear walls designed to resist all the lateral force.” .
(3) The length and/or widths of any two adjacent panels should not differ by more than 15 % of the greater ‘

ir . ' [
it

RS

3 -

length or width, except that in no case shall an end span be longer than the adjacent interior span, K

(4) Where drops are provided, they should be rectangular on plan and have a length in each direction not '
less than one-third of the panel length in that direction. For exterior panels the width of the drop at right
angles to the non-continuous edge and measured from the centre line of- the column should be equal to "
one-haif the width of the drop of the adjacefit interior column. ' L L
3.6.6.2 Design of slabs: empirical method, Slabs should be designed for moments divided between the coliimn .
and middle strips as shown in Table 18 where == - - A T

. W i : .
fy I

. R Y
When the diameters of the column heads are not equal, /1, should be taken ‘as the average of the two
diameters. ‘ ‘ C ‘ e o

Resistance to the positive moment should be provided aleng the centre lines:of the panels and to the
negative moment along the edges of the panel along lines joining the centres of the columns and around the, L
perinicter of column heads. " R e '

3.6.5.3 Arrangement of reinforcement: empirical method. The reinforcement should be arranged in accordance .
with the following rules, where /is /, or /, as appropriate, - A T L
(1) The slab should be reinforced in two directions, the reinforcement being so disposed that each strip is -

reinforced over its full width., ‘ ‘ oo :
(2) The full arca of positive reinforcement should be provided for a distance of not Iss than 0.3/, measured x
from the centre line of the panel. o I o
(3) In each strip 40 % of the positive reinforcement should extend in the lower part of the slab to within

a distance of 0.125/, measured from the line joining the céntres of the columns. .- o
(4) Negative reinforcement in the top of the slab should extend into adjacent panels for an average distance,
measured from the line joining the centres of the columns, of not less than 0.25/ and no bars should extend
less than 0.2/ from this line. . : " S Tl gL
(5) When #, is less than 0.15/, two-thirds of the amount of reinforcement required to resist the negative
raoment in the column strip should be placed in a width equal to half that of the column strip and central
with the column. -‘ o o
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