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Foreword

The metric version of the previous Standard method of detailing reinforced concrete was
published in 1970 and this was followed in 1973 by the Concrete Society’s publicationon
Standard reinforced concrete details. This version incorporates the two earlier
publications, and as it now incorporates a section on prestressed concrete, the title has
been amended to the Standard method of detailing structural concrete. As withthe
original Standard method, the Committee is a joint one between the Institution of
Structural Engineers and the Concrete Society.

Itis hoped that this document will become the standard reference work instructural
design offices in conjunction with the Manual for the design of reinforced concrete
building structures (1985) prepared jointly by the IStructE and the ICE.

The Joint Committee has relied entirely on BS 8110 for detailing principles and has
not taken any decisions on matters of design. However, the distinction between the
detailer’s field and that of the designers’ is not always clear, and some criticisms have
been made that we have strayed too much into the design field. In practice, many
decisions that are taken by the detailer are strictly in the province of the designer, and
the detailer often makes up his own reference tables because they are notavailable
elsewhere. We have attempted to provide such guidance in our document, and inso
doing, we do not believe we have encroached on the design area.

We have also had criticisms from some designers on the length of the document. We
have taken the views of detailers on this, in particular the comments fromdetailers
attending training courses at the Cement & Concrete Association. As they have found
the whole document useful and are quite happy to abstract key pages (principally the
yellow pages) for everyday reference, we have been persuaded to retain almost the
whole of the draft that was made available for comment. We are grateful for the many
helpful comments we have received, all of which have been considered, and mostof
them accepted. '

The original Standard method has been widely distributed and accepted both inthe
UK and abroad. When I have checked in design offices they invariably confirm that
they are using the principles set out in the documents. Unfortunately, alsoinvariably,
they then qualify their statement by saying “Well 90% of it anyway’. On investigation it
always transpires that the 10% not being used is a different 10% in every office! This is
not standardization. We hope this time to achieve 100% in every office!

The Joint Committee were saddened by the sudden deaths of Jim Higginsin
December 1985 and Dick Terry in 1988 and would wish me to pay tribute to theirgreat
contribution to our work. Jim Higgins was particularly associated with Section 5Swhile
Dick Terry was responsible for much of the artwork in other Sections.

(LIM

R. 1. Lancaster, Chairman

Previous page
is blank



The objective of this manual is to provide a working
document on structural concrete that can be used by the
detailer in the design office to interpret the designer’s
instructions in the form of drawings and schedules for
communication to the site. For prestressed concrete, the
section is addressed more to the designer—detailer, since a
general knowledge of prestressing terms and practice is
necessary in this field. Large design offices may choose to
incorporate the principles and the details in their own
manuals. It is intended that the manual will be the standard
reference work-used on training courses and by design
engineers. During the early stages of the development of
this document Ove Arup & Partners made their detailing
manual available to the Joint Committee, and this was a
very useful base document.

A basic assumption in the preparation of this manual has
been that it is the responsibility of the engineer to specify
clear design requirements to the detailer and it is the
responsibility of the detailer to implement these require-
ments in a consistent way that will be clear, complete and
unambiguous to all users. In detailing structural concrete,
the interests of all parties should be borne in mind;
practices in the drawing office that lead to problems or
extra costs on site cannot be termed good detailing.

It has not been the intention of the Joint Committee to
decrease in any way the responsibility of the engineer,
although it is recognized that certain details have design
implications; therefore engineers should design with full
knowledge of this manual. The words ‘standard method’
need clarification. It is not intended that any one detail
should be copied slavishly for all situations, but it is
intended that all the principles should be followed, both in
general and in detail. Details can be prepared with different
objectivesin mind, e.g. to reduce labour on site by detailing
to allow off-site prefabrication of the reinforcement into
cages, or to utilize the materials most readily available on a
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Introduction and scope

particular site. It is believed that such different objectives
can be achieved (but not necessarily all at the same time)
within the principles covered in this manual.

Where another authoritative document exists, this
manual refers to it rather than repeating it in full; it also
excludes the sort of expertise associated with proprietary
methods or materials. In general, the conventional use of
materials covered by British Standards is assumed; where
no standard or consensus of opinion exists no recommenda-
tion has been made.

The principles covered by BS 4466 and BS 1192 have
been adopted. BS 4466 defines a standard method of
scheduling and a set of bar shapes that, in suitable
combination, are sufficient for any detailing situation; it is
considered to be an essential companion document to the
manual. The principles set out in this manual cover all
forms of reinforced concrete construction; where relevant
BS 8110, BS 8007 and BS 5400 have been used as a basis.

It is generally accepted that any division between civil
and structural engineering is somewhat arbitrary, and it
therefore follows that what is good.practice in structural
engineering will also be so in civil engineering. There are,
however, a number of factors that occur in'civil engineering
and large-scale work of which account should be taken
when detailing reinforcement. These include:

e the provision of access for men to place concrete in
massive concrete sections such as raft foundations

e adjustments of reinforcement to take account of large
pours of concrete. Attention is drawn to CIRA report 49,
Large concrete pours — a survey of current practice (J. C.
Birt

e suitable reinforcement arrangements to suit long-strip
methods of laying ground slabs

e recognition of the likely positioning of construction joints
and their effect on Teinforcement arrangements.



2.1 General

Drawings are prepared so that the structural designer can
communicate his requirements through the detailer to the
contractor in a clear, concise and unambiguous manner. It
is important to ensure that drawings are not unnecessarily
congested or complicated.

Drawings used on construction sites will get dirty, wet
and dog-eared. The clarity of the original drawing that will
be reproduced is, therefore, most important, and this will
usually be enhanced by the use of ink in the preparation of
the original drawings.

[t is recommended that Al size drawings are generally
used, larger sized drawings being used only when unavoid-
able. For each project, the chosen drawing size should be
used consistently. The written descriptions on drawings
should be as brief as possible, consistent with complete-
ness, and the lettering should be clear. Any instructions on
drawings should be positive; they should be written in the
imperative.

Each drawing should give all the information (together
with reference to associated drawings) necessary for the
construction of the portion of the work shown, omitting
other irrelevant detail. Details of materials to be used will
normally be given in a separate specification, and reference
to the concrete or other types of material on drawings will
be in an abbreviated form,

Reference to any special items concerned with construc-
tion details should be made on the general arrangement
drawings and not in a separate letter or document. Special
requirements of the designer. e.g. details of cambers.
chamfers, sequence of construction, position and type of
joints, etc., should all be described on the general arrange-
ment drawings.

2.2 Types of drawing

There are two principal types of drawing necessary for the
preparation of reinforced concrete drawings and details.
These are general-arrangement drawings and reinforce-
ment drawings.

2.2.1 General-arrangement drawings
General-arrangement drawings for concrete structures
consist of dimensional data necessary for the setting out
and construction of the concrete formwork. e.g.:

o setting out of the concrete structure on site

e plans, sections and elevations where appropriate showing
layout, dimensions and levels of all concrete members
within the structure

e location of all holes, chases, pockets, fixings and items
affecting the concrete work

e north point

e notes on specifications, finishes and cross-references of
the construction.

All these matters should be considered at the outset of
every drawing programme.

Detailed examples of structural layout drawings and
guidance notes are illustrated at the beginning of Section 3.

8

Drawings

2.2.2 Reinforcement drawings

Reinforcement drawings describe and locate the reinforce-
ment in relation to the outline of the concrete work and to
relevant holes and fixings.

Generally, circular holes up to 150mm diameter and
rectangular holes up to 150 X 150mm in slabs or walils need
need not be indicated on the reinforement drawings. Holes
of larger size should be indicated on the reinforcement
drawing and should be trimmed by suitable reinforcing
bars.

Separate drawings or plans for top and bottom layers of
reinforcement should be used only for fabric and in
exceptional cases, e.g. hollow bridge decks with four layers
of reinforcement.

Reinforcement drawings are primarily for the use of the
steel fixers. It is preferable that general arrangement and
reinforcement drawings be kept separate. but for simple
structures a combined drawing will suffice.

2.2.3 Standard details
Standard details are those details that are used on a
repetitive basis. Details used in this way must be carefully
worked out, fully detailed and totally applicable to each
location where they are to be specified.

Standard details may apply to concrete profiles or
reinforcement arrangements, and they should be drawn to
a large scale.

2.2.4 Diagrams
Diagrams may be used as a means of communicating design
ideas during both pre-contract work and the post-contract
period. Diagrams may be formally presented or sketched
freehand providing they convey information clearly,
neatly and in detail.

The information contained in diagrams should prefer-
ably be drawn to scale.

2.2.5 Record drawings

When the reinforced concrete structure has been con-
structed, the original drawings used for the construction
process should be amended to indicate any changes in
detail that were made during the construction process. A
suffix reference should be added to the drawing number to
indicate the drawing is a ‘record drawing’. The amend-
ments should be described in writing against the appropri-
ate suffix reference. A register of drawings should be kept
listing reference numbers, titles and recipients of drawings.

2.3 Photocopying and reduction
There are a number of considerations that must be made if
photographically reduced drawings are to be fully intelligi-
ble in their reduced form. These include:

o the chosen range of line thickness

o the size and nature of the script used

e whether the drawing is produced in ink or pencil

e the arrangement of the information on the drawings,
avoiding congestion

e the need to ensure that graphic and script information is.
as far as possible, kept separate

e the possibility that solid black areas will not print
properly.

IStructE Detailing Manuat



Since many drawings will be reduced for archive storage
on completion of the construction, all thesg matters should
be considered at the outset of every drawing programme.

2.4 Abbreviations

The following standard abbreviations are recommended
but, if there is any risk of confusion or ambiguity with the
use of these abbreviations in any particular circumstances,
then the words should be written in full. No other
abbreviations should be used unless clearly defined on all
the drawings on which they appear.

Particular attention is drawn to the use of lower-case and
capital letters. All abbreviations are the same in the plural
as in the singular.

2.4.1 General

reinforced concrete RC
blockwork blk
brickwork brk
drawing drg
full size FS
not to scale NTS
diameter dia*
centres crs
setting-out point SOP
setting-out line SOL

centre-line ¢

finished floor level FFL
structural floor level SFL
existing level EL
horizontal hor
vertical ver

*For bar diameter use ‘bar size’ on drawings where
necessary and ¢ in formulas.

2.4.2 Relating to reinforcement

far (face; F1 (outer layer) F2 (second layer)
near (face) NI (outer layer) N2 (second layer)
bottom %faceg B1 Eouter layer) B2 Esecond layer)
top face) T1 (outer layer) T2 (second layer)

Note: Since the contractor may not be familiar with this
notation it should be illustrated by a sketch on the relevant
drawings.

Additional abbreviations may be used but are not
recommended for use without a clear description as they
have been found to be ambiguous.

2.5 Drawing standards

It is the intention that BS 1192 Recommendations for
drawing practice should be read in conjunction with this
document, the two documents being mutually com-
plementary. Parts 1 and 3 of BS 1192 are particularly
relevant to the reinforced concrete detailer since they
define the general principles of drawing practice and
symbols. In Part 2 of BS 1192 are examples of reinforced
concrete drawings, which also comply with the Standard
method.

2.6 Dimensions of drawing sheets

The recommended dimensions of drawing sheets are
given below; Fig. 1 shows the relative sizes.

Size of drawing sheets

BS reference dimensions
mm X mm

Al 841 x 1189

Al 594 x 841

A2 420 x 594

A3 297 x 420

Ad 210 x 297

Note: Margins and information panels are within these dimen-
sions

IStructE Detaiiing Manual

- |*+—20 minimum

AO

A2

Al
A4

Fig. 1

2.7 Borders

All drawings should have a 20mm filing border on the
left-hand side. Elsewhere the border should be 20mm
(minimum) for A0 and Al and 10mm (minimum) for A2,

A3 and A4. The border margin line should be at least
0.5mm thick.

2.8 Title and information panels

[ —0-5mm minimum
20 minimum
. AO-Al

10 minimum
A2-A3-A4

180

Fig. 2

Key information relating to the job and drawings should
be piaced in the bottom right-hand corner of the drawing
sheet (Fig. 2, panel A). Panel A should include at least the
following information:

e office project number

e project title

e drawing number with provision for revision suffix

e drawing title

e office of origin

o scales (a drawn scale is necessary when the drawing is to
be microfilmed — see also BS 5536)

e drawn by (name)

e checked by (name)

e date of drawing.

Immediately above panel A a box should be provided to
contain the necessary reference to relevant bar and fabric-
schedule page numbers.

Panel B may be developed vertically from panel A to
include such information as revisions working up from
panel A and notes (working down from the top of panel B).

Notes on reinforcement drawings should include cross-
references to general-arrangement drawings, a list of
abfbreviations, specified covers and the relevant ‘schedule
refs’.



2.9 Key

On jobs where a portion of the work has to be divided into
several drawings, it is useful to have a small diagrammatic
key on each drawing, with the portion covered by that
drawing clearly defined, and adjacent panels identified
with a given drawing number.

2.10 Orientation
2.10.1 Site plans
The direction of the north point should be clearly shown.

2.10.2 All other drawings

All other drawings relating to particular buildings or major
subdivision of a job should have consistent orientation,
which should preferably be as close as possible to the
site-plan orientation.

2.11 Thickness of lines

The objective of using varying line thicknesses is to
improve clarity by differentiation. The scale of drawing and
the need for clear prints to be taken from the original
should be borne in mind The following suggested line
thicknesses are considered suitable for reinforced concrete
drawings:

concrete outlines generally and general
arrangement drawings
concrete outlines on reinforcement

0.35mm

drawings 0.35mm

main reinforcing bar 0.7mm

links 0.35mm-0.7mm
dimension lines and centre-lines 0.25mm

Cross-sections of reinforcement should be drawn approx-
imately to scale.

2.12 Lettering

Distinct and uniform letters and figures ensure the produc-
tion of good, legible prints; the style should be simple.
Capital letters should be used for all titles and sub-titles and
should preferably be mechanically produced. Lower-case
letters may be used in notes.

2.13 Spelling

The spelling of all words should be in accordance with BS
2787 or otherwise the Little Oxford Dictionary, e.g.
asphalt, kerb, lintel, etc.

2.14 Dimensions

The general-arrangement drawing should show all setting-
out dimensions and sizes of members. The reinforcement
drawings should contain only those dimensions that are
necessary for the correct location of the reinforcement. The
points to which the dimension lines relate should be as

shown in Fig. 3.

1104 1800

-
Lt o

Dimensions should be written in such a way that they
may be read when viewed from the bottom or the
right-hand side of the drawing. They should, where
possible, be kept clear of structural detail and placed near
to and above the line, not through the line.

For site layouts and levels, the recommended unit is the
metre. For detailing reinforcement and the specification
of small sections, the recommended unit is the millimetre.
It is not necessary to write mm. Dimensions should
normally be to the nearest whole millimetre. Thus:

4.250
114.200
6 210m

5
15
1725

2.15 Levels

2.15.1 Datum

On civil-engineering and major building works it is usually
necessary to relate the job datum (a TBM or transferred OS
benchmark) to the Ordnance Survey datum. On other
works, a suitable fixed point should be taken as job datum
such that all other levels are positive. This datum should be
clearly indicated or described on the drawings, and all
levels and vertical dimensions should be related to it.
Levels should be expressed in metres.

2.15.2 Levels on plan
It is important to differentiate on site layout drawings
between existing levels and intended levels.

Finished floor levels or structural floor levels should be
indicated thus:

FFL SFL

Existing levels should be indicated thus:
EL

r 7
1 11.445 J

— -

2.15.3 Levels on section and elevation

The same method should be used as for levels on plan,
except that the level should be projected beyond the
drawing with a closed arrowhead indicating the appropriate
line.

When constructing a structure it is the level of the
structure that is important. If it is necessary to refer to the
finished floor level, this should be a reference in addition to
the structural floor level, as shown in Fig. 4.

\\\\.

Fig. 3

10

40 FFL SFL
_ _ i . 12:000
77 - <
” }

N

N\

Fig. 4 '
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2.16 Scales

Scales should be expressed as, for example, 1:10 (one to
ten). The following scales are recommended as a suitable
for concrete work:

general arrangements 1:100
wall and slab detail 1:50
beam and column elevations 1:50
beam and column sections 1:20

Where larger scales are required, the preferred scales
specified in BS 1192 are: 1:20, 1:10, 1:5, 1:2 or full size.

2.17 Plans

Plans should be drawn in such a way as to illustrate the
method of support below, which should be shown as
broken lines. This is achieved if one assumes a horizontal
section drawn immediately above the surface of the
structural arrangement or component. Dimension lines
should be kept clear of the structural details and informa-
tion.

2.18 Elevations

An elevation on a portion of a structure will normally be
taken as a vertical cut immediately adjacent to the element
under consideration. Structural members cut by the section
should be shown in full lines. Other connecting members
behind the member being detailed should be shown by
broken lines.

2.19 Sections

Where sections are taken through structural elements, only
the material in the cutting plane is shown on a section; in
general a cut showing features beyond should not be used.
For clarity, the cut member may be shaded. The directions
of sections should be taken looking consistently in the same
direction, looking towards the left for beams and down-
wards for columns. A section should be drawn as near as
possible to the detail to which it relates.

2.20 Grid lines and a recommended
reference system

A grid system provides a convenient datum for locating and
‘referencing members, since columns are usually placed at
or near the intersection of grid lines.

®

i | |
@ —e 3A2 ° 382 ®
@ _ _el5Ba2
n -—
[0} s
o~ o~
z P 28B4
o~ o~
o
v}
™~
@ —_e 2A2 . 2B2 °
1A6
g [dAA ] @ o
@ —e 1A2 ° 1B2 ®

Fig. 5 Framing plan sketch
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Grid notation should be agreed with the architect and
would normally be numbered 1, 2, 3, etc. in one direction,
andlettered A,B,C, ...... X,Y,Z,AA, AB, etc. (omitting
I and O) in the other direction. These sequences should
start at the lower left corner of the grid system. Sup-’
plementary grids, if required, can be incorporated within
the system and identified as follows: Aa, Ab, Ac, Ba, 2.5,
4.2, etc.* '

Referring to the framing plan sketch Fig. 5:

all beams within a floor panel are referenced from the
column situated in the lower left corner of that panel, e.g.
column reference 2B occurs at the intersection of grids 2
and B.

each beam reference includes the column reference plus a
suffix number, e.g. 2B1, 2B3, etc. for beams spanning up
the panel, and 2B2, 2B4, etc. for beams across the panel.

Similarly for supplementary column 2.5 Ba.

This format is similar to the system used successfully for
structural steelwork. Beams should be labelled on the
general arrangement drawing, particularly off-grid mem-
bers. Beams on grid lines may have their labels omitted, in
which case strings of beams are described as follows:

e.g. beams along grid line 2/A to C

2.21 Procedure for checking drawings and
schedules

All drawings and bar and fabric schedules must be checked
by a competent person other than the detailer. The
checking of drawings falls into 3 stages:

Stage 1: Design check

That the drawing correctly interprets the design as
described as described in and supported by the checked
calculations.

Stage 2: Detailing check

That the drawing has been prepared in accordance with
current standards and meets the requirements of that
particular job. That the information agrees with the
general arrangement and other associated drawings and
bar and fabric schedules, with particular reference to
dimensions, términation of reinforcement, construction
details, notes, etc., and that the details shown can, in
practice, be constructed.

Where drawings are traced they must be checked to
ensure they have been traced correctly, and where the
layout of the drawing has been rearranged on the tracing,
that the traced drawing continues to convey the inten-
tions of the originator to the user.

Stage 3: Overall check

That the checks under stages 1 and 2 have been carried
out. That the drawing is in all respects suitable for its
purpose and truly reflects the requirements of the
project.

Each drawing should have a ‘box’ containing the name of
the draughtsman and checker.

Standard checking lists may be a useful aid but must not
be considered a complete check, since no checklist can be
totally comprehensive. Set out below are some items that
could be used to form the basis for a checklist.

Is general presentation and orientation correct?

Are title, scales, drawing numbers correct?

Are revision letters correct and location of revisions
shown?

Are sufficient sections and details given?

Are general notes complete and can they be under-
stood?

Is spelling correct?

o ke W=

* After compietion of the skctch above and then all the other sketches BS 1192 was
published and it required the use of letters vertically and numbers horizontally.
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13.

14.
15.

16.
17.
18.
19.
20.
21.

12

- Have all standards and codes of practice been complied

with?

. Are setting out dimensions correct?
. Check dimensions?

10.
11.
12.

Do running dimensions agree with overall dimensions?
Can matenals specified be obtained?

Do number, sizes and reinforcement agree with the
relevant calculations and other drawings?

Has cross-referencing to other drawings and bar and
fabric schedules been provided?

Where applicable is ‘no. off’ correct?

Are chamfers, fillets and drips and similar features
shown?

Are all projections reinforced?

Is the cover specified and correct?

Are splices and laps in correct position?

Do splices suit construction joints?

Is there congestion of reinforcement?

Are large-scale details. required?

22. Are cranks required where bars cross?

23. Is layering of reinforcement correct both on plan and
section?

24. Is reinforcement required for anti-crack or fire resist-
ance?

25. Do hooks foul other reinforcement?

26. Are schedules correct?

27. Have drawings been signed by the detailer and
checker?

Method of checking

It is useful to adopt a standard checking system using
different coloured pencils. A suggested colour system
would be:

blue — correct
red — additions and corrections.

When the amendments have been completed the
tinished drawing must be checked against the check print.

IStructE Detailing Manual



3.1 Bar reinforcement
Two main types of bar are available:

Appearance yield strength  BS abbreviated
(grade) reference
N/mm-~ letter

460 4449 T
(deformed
L AL L type 2)

(Transverse ribs with or without

two longitudinal ribs)

Plain round

'1Plain round)

Other types are as defined in job specification; the abbreviated
reference letter is X

Note 1: Square twisted bars and chamfered square twisted bars to
BS 4461 (deformed type 1) are obsolete.

Note 2: BS 8110 states:
‘Different types of reinforcement, each complying with
the British Standard, may be used in the same structural
member.’

3.2 Sizes of reinforcing bars

Preferred sizes of high-yield (grade 460) reinforcing bars
are 8, 10, 16, 20, 25, 32 and 40mm. Size 6 is not freely
available owing to low demand and infrequent rollings.
Size 50 is not generally stocked by fabricators but can be
available to order and is dependent on rolling programmes.
Since off-cuts of S0mm are useless, the size tends to be
ordered cut to length from the mill and requires careful
planning. Consideration should be given to using the freely
available size 40 in bundles where size 50 would otherwise
be used. Grade 250 (mild steel) bars are available in sizes 8,
10, 12 and 16mm.

(For weights and cross-sectional areas see Tables 6 to 10
at the end of this Section.)

3.3 Overall dimensions of reinforcing bars

Standard length of bars available from stock is 12m (12mm
and above) or for smaller sizes (8, 10mm) 8, 9 or 10m. The
maximum length of bar available and transportable is 18m,
but extra costs and delays may be involved if 12m lengths
are exceeded.

For a bent bar to be transportable the shape should be
contained by an imaginary rectangle where the shortest
side does not exceed 2.75m.

The word ‘size’ rather than ‘diameter’ is used to describe
the nominal size of a bar. For example. on a size 20
deformed bar no cross-dimension measures 20mm because
of the surface deformations. Most deformed bars can be
contained in a circumscribing circle 10% more than the
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Data for detailers

nominal size of the bar, however, because of variations in
rib size individual sections can measure 13% or 14% more
than the nominal size at the largest cross-dimension (see

p. 19).

3.4 Shop practice

For schedules and scheduling, see Section 4. Labels
attached to bundles of bars by the fabricator and BS 4466
requires that the following information is contained on

them:
/larSchedule

Ref.

<C> -
- 7

3.5 Properties of reinforcing bars

The cross-sectional areas, weights and perimeter tabu-
lated are basically for plain round bars. For bars to BS
4449 having projected transverse rib areas of less than 3%
by mass, the same areas, weights and perimeters apply.

The effective perimeter of a bar may be taken as 3.14
times its nominal size.

3.6 Rebending bars

Rebending grade 460 bars on site should not be permitted.
Grade 250 bars not exceeding 12mm in size may be used for
this purpose (e.g. for connecting stairs of half-landing to
walls) provided that care is taken not to reduce the radius of
bend below twice the bar size. It is impractical to bend
larger sizes of higher grades without the possibility of
reducing the strength of the bars at some point (usually
where cast-in bars emerge from the concrete).

3.7 Fabric reinforcement

For detailing and scheduling, see Section 4. For British
Standard fabrics, see Table 10 at the end of this Section.

3.8 Large radius bends (BS 8110, clause
3.12.8.26)

The designer will normally be responsible for the calcula-
tion of large radius bends, but the detailer should be aware
of their existence and should be able to recognize the
difference between the occasion when a large radius bend is
required and when a standard bend is required. For further
guidance on large radius bends see Appendix 3A.
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3.9 Cover
3.9.1 Nominal cover reinforcement

Cover should be specified on the drawings as ‘nominal
cover to all steel’. Nominal cover to all steel reinforcement
(including links) should be determined by considerations of
fire resistance and durability in envisaged conditions of
exposure. The actual minimum cover to all reinforcement
may be up to Smm less than the nominal cover.

The nominal cover to a link should be such that the
resulting cover to the main bar is at least equal to the size of
the main bar (or to a bar of equivalent size in the case of
pairs or bundles of three or more bars). Where no links are
present, the nominal cover should be at least equal to the
size of the bar.

Where special surface treatments are used (e.g. bush
hammering), the expected depth of treatment should be
added to the nominal cover.

Sufaces subject to moisture, washing down, etc. should
be considered as subject to moderate exposure.

Nominal cover as specified in BS 8110 s given in Tables 1
to 5; for equivalent data on bridges see BS 5400.

Nominal covers should not be less than the maximum
(nominal) aggregate size.

The categories of exposure in the durability tables in BS
8110 are defined as:

mild: concrete surfaces protected against weather
or aggressive conditions

concrete surfaces sheltered from severe rain
or freezing while wet; concrete subject to
condensation; concrete surfaces continuous-
ly under water; concrete in contact with
non-aggressive soil

concrete surfaces exposed to severe rain,
alternate wetting and drying and occasional
freezing, or severe condensation

concrete surfaces exposed to sea-water spray
or de-icing salts directly or indirectly or
corrosive fumes or severe freezing conditions
while wet

concrete surfaces exposed to abrasive action,
e.g. sea water carrying solids, or flowing
water with pH =< 4.5, or machinery or
vehicles.

moderate:

severe.

very severe:

extreme:

Tables 1 to 5 give the nominal covers required for
durability and fire protection. For further guidance on fire
protection see BS 8110. Although it is not the responsibility
of the detailer, Table 3 sets out, for information, the
minimum dimensions of members for fire resistance.

3.9.2 Example of determining nominal cover

For a simply supported beam with mild exposure using
grade 30 concrete and requiring 12 hour fire resistance.

requirement for BS 8110 ref. nominal cover

main bar size 32Zmm  clause 3.3.1.2 (32-8) mm = 24mm

link size 8mm
mild exposure Table 3.4 25mm
1Y2 hour fire resistance Table 3.5 20mm

20mm aggregate clause 3.3.1.3 20mm

Adopt 25mm nominal cover
Specify 25Smm as nominal size of spacers

3.9.3 Tolerance on cover

Cover to reinforcement is liable to variation on account of
the cumulative effect of inevitable small errors in the
dimensions of formwork and the cutting, bending and
fixing of the reinforcement.
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All reinforcement should be fixed to the nominal cover
S£ecified on the drawings. The permissible tolerance
should be as follows:

e the actual concrete cover should be not less than the
specified cover minus 5Smm (Note: the expressions
‘nominal cover’, ‘cover’ and ‘specified cover’ are used
interchangeably, but they all mean ‘absolute, minimum
cover +5mm).

e where reinforcement is located in relation to only one
face of a member (e.g. a straight bar in a slab) the actual
concrete cover should not be more than the required
nominal cover plus:

Smm on bars up to and including 12mm size
10mm on bars over 12mm up to and including 25mm size
15mm on bars over 25mm size.

3.9.4 Achieving the required cover

Non-structural connections for the positioning of reinforce-
ment should be made with steel wire, tying devices or by
welding. It is not necessary to tie or weld every bar
intersection provided that rigidity of the cage or mat can be
obtained while the concrete is being placed and vibrated.

Layers of bars in beams can be separated by means of
short lengths of bar. The spacing along the beam shouid be
specified on the drawings &sually 1m), and the bar spacers
should be detailed on the schedules.

‘There are two main views among designers on how
spacers and chairs should be dealt with. Some believe that
the method of achieving cover and position should be left
entirely to the contractor, while others specify spacers and
detail chairs. In practice, insufficient attention is paid to the
importance of achieving cover. If bent reinforcing bars
(e.g. shape code 83) are specified as chairs, they should be
shown on the relevant bar schedules. It should be noted,
however, that BS 4466: 1981 allows hard drawn wire chairs
to be substituted with the designer’s agreement.

Where the designer specifies the method of achieving the
cover and positioning of the spacers, the following types of
spacers and chairs are examples and the detailer should
establish what the designer’s requirements are and use the
guidance below if appropriate.

The main way of maintaining cover is by the use of spacer
blocks. A wide range of plastic and concrete spacers is
available. Some are designed to provide two different
nominal covers, and it is desirable for the nominal covers to
be provided to be marked on the spacer. Examples of
spacers to achieve bottom cover are shown below:

In the case of concrete spacers, the concrete should be
comparable in strength, durability, porosity and appear-
ance with the surrounding concrete, they should retain
their strength when wet and should not contain anything
harmful to concrete, steel or hands. Site-manufactured
concrete or mortar spacers should not be used.
~ The type of formwork to be used and the finished face
required may also influence the choice of spacer. Trials
may be necessary if a particularly high grade of finish is
required. The spacing 1s usually a matter of trial and will
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Table 1 Nominal cover (in mm) to all reinforcement (including links) to meet durability requirements (see note)
conditions of exposure

mm

nominal cover

mm mm mm mm
mild 25 20 20* 20* 20*
moderate — 35 30 25 20
severe — — 40 30 25
VEry severe — — 50 40% 30
extreme — — — 60t 50
maximum free water/cement ratio 0.65 0.60 0.55 0.50 0.45
minimum cement content, kg/m> 275 300 325 350 400
lowest grade of concrete C30 C35 C40 C45 C50

* These covers may be reduced to 15mm provided that the nominal maximum size of aggregate does not exceed 1Smm.
+ Where concrete is subject to freczing while wet. air-entrainment should be used.

Note: This Table relates to normal-weight aggregate of 20mm nominal maximum size.

Table 2 Nominal cover (in mm) to all reinforcement (including links) to meet specified periods of fire resistance for
reinforced concrete (see notes 1 and 2)

fire
resistance beams floors ribs columns
period simply supported| continuous |[simply supported| continuous [simply supported| continuous

h

Y 20** 20%* 20** 20** 20** 20** 20%*
1 20** 20+ 20 20 20 20 20**
1 20 20** 25 20 35 20 20

2 40 30 35 25 35 25

3 40 35 25

4 25

** These covers may be reduced to 15mm provided that the nominal maximum size of aggregate does not exceed 15mm.

Note: 1: The nominal covers given relate specifically to the mini
Note 2: Cases that that are stippled require additional measures necessary to reduce the risks of spalling (see BS 8110: Part 2: Section 4).

member di

Table 3 Minimum dimensions (in mm) of reinforced concrete members for fire resistance

jons given in Table 3. Guidance on increased covers necessary if smaller members are used is given in BS 8100: Part 2.

fire beams ribs floors columns walls
resistance min. width b min h dimension b) (minimum thickness)
h b (for open fully 50% one side | p<0.4% p<1% p>1%
soffit) exposed | exposed | exposed
b
%) 80 125 75 150 125 100 150 100 75
1 120 125 95 200 160 120 150 120 75
1% 150 125 110 250 200 140 175 140 100
2 200 125 125 300 200 160 200 160 100
3 240 150 150 400 300 200 — 200 150
4 280 175 170 450 350 240 — 240 180
Note: p is the cross-sectional area of the steel relative to that of concrete
b b

—

-

7 D

*® & o
] 1
o
Beam
—h Fully exposed
- - Columns
Plain soffit Open
soffit
”0 ® LN J
| b |
Floors 1
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50% exposed

One face exposed
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Table 4 Nominal cover (in mm) to all steel (including links) to meet durability requirements for prestressed concrete

conditions of exposure nominal cover

mm mm mm mm
mild 20 - 20" 20* 20*
moderate — 30 25 20
severe — 40 30 25
very severe — 50+ 407 30
extreme — — 60+ - 50
maximum free water/cement ratio 0.60 0.55 0.50 0.45
minimum cement content, kg/m* 300 325 350 400
lowest grade of concrete C35 C40 C45 C50

* These covers may be reduced to 1Smm provided that the nominal maximum size of aggregate does not exceed 1Smm.
+ Where concrete is subject to freezing while wet. air-entrainment should be used.

Note: This table relates to normal-weight aggregate of 20mm nominal maximum size.

Table § Nominal cover (in mm) to all steel to meet specified periods of fire resistance for prestressed concrete
(see Notes 1 and 2)

fire bearns floors ribs
resislt]ance simply supported continuous simply supported continuous simply supported continuous
s 20** 20** 20 20 20 20
1 20 20** 25 20 35 20
1% 20 30 25 5 35
2 b s 35 40 35
4

** These covers may be reduced to 15mm provided that the nominal Mimum size of aggregate not exceed 15mm.

Note: The nominal covers given relate specifically to the mini; ber di ions given in table 3. Guidance on increased covers necessaq if smaller members arc used is given in BS 8110: Pan 2.
Note 2: Cases that are stippled require attention to the additional measures necessary to reduce the risks of spalling (see BS &110: Pant 2)

‘l‘l For the purposes of assessing a nominal cover for beams and columns. the cover to main bars. which would have been obtained from the tables in BS 8110: Part 2. have been reduced by a notional
allowance.

Tendon in ducts. The cover to any duct should be not less than S0mm. Precautions should be taken to ensure a dense concrete cover. particularly with large or wide ducts.
External tendons. Where these are to be _F;o!ected by dense concrete of at least gradq C40, added suhsequently. the thickness of this cover should not be Icss than that required for tendons inside the
d by reinf 1

sllr;n(t):mral concrete in similar conditions. The concrete cover should be anch to the pi ber and should be checked for crack control in accordance with Section 3 of BS
8110.
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depend on the strength of the spacer, the size and centres of

the reinforcement and the loadings applied to it, the

bearing area and the type of formwork. Spacers will not

usually be further apart than 1m each way or closer than,

say, 0.5m each way.

b An example of a spacer for vertical application is shown
elow:

The Concrete Society will be publishing a document on
spacers, which will represent the latest views.

3.9.5 Achieving the correct position

Provided -that the correct cover is achieved, the lateral
location of the steel in horizontal and vertical members is
not usually critical. A different situation arises, however, in
aribbed floor, and here it is desirable to indicate the use of
a spacer that will both locate the steel and provide cover.
An example is shown below:

Where 2 bars are used in a rib, links should be provided to
locate the reinforcement.

The correct positioning of top steel (particularly impor-
tant in cantilevers) can be achieved by one of the following
five basic methods:

1. with specially shaped reinforcement, which may be tied
or welded to other reinforcement

Tied

%/JJ
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2. by the use of ‘goalposts’ at specified centres (if specified
they should be fully detailed on the bar schedule)

3. by the use of high wire chairs

4. by the use of continuous high wire chairs

5. by the use of ‘trombone’ shapes.
(shape code 38).

For methods 1, 2 and 5 the bars are usually supplied by
the reinforcement fabricator, and if they are shown on the
drawings they must also be included in the bar schedules

Chairs should be designed to support the main steel and
the weight of workmen walking on it during construction. It
need not, normally, be designed to take other construction
loads, since other loading ought not to occur. The size of
bar used and the centres of the chairs will vary with the
height of chair required and the weight to be supported. A
minimum size of R10 is recommended for slabs, but this
may have to be increased substantially for heavy reinforce-
ments. The centres of chairs should be specified on the
reinforcement detail drawings and should not normally
exceed about Im in two directions at right-angles. A
sufficient number of chairs should be included on the bar
schedules to allow some flexibility in sequence of construc-
tion.

For method 3 (high wire chairs) similar considerations
apply, but 4 or Smm hard drawn wire is usually used to

manufacture such high chairs and a typical design looks like
this:




Method 4 (continuous high chairs) is growing in the UK
because of the saving in steel fixing time. Such continuous
chairs are used to space two layers of steel. Typical designs
look like this. The chairs are designed using 4 or Smm hard
drawn wire and are available in 1m lengths; they are usually
fixed at about 1m centres.

Vertical steel can be spaced using horizontal U-bars (not
less than R6), but if they are specified they should be
included on the bar schedules. Two layers of vertical steel
in walls should be kept apart by horizontal U-type spacers
of suitable size (not less than R6). Sufficient spacers should
be used to ensure the rigidity of the reinforcement. The size
of reinforcement will not only determine the length of the
vertical bars but will, in conjunction with the height of the
lift, determine the number and size of spacers. At least one
horizontal line of spacers should be employed in each lift of
concrete, and the spacers should be included on the bar
schedules.
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3.10 Anchorage lap lengths and shear rein-
forcement

These should be determined by the designer, Appendix 3B
gives equivalent straight anchorage lengths, hooks and
bends, and minimum overall depths of various U-bars.

3.11 Full-strength joints in reinforcing bars
(BS 8110, clause 3.12.8.8.)
3.11.1 Compression

For joints entirely in compression the two types of sleeves
illustrated below are available.

g JEON
% QT
(r e
l QP] Qu%ﬁ &
z:,é 5
% Sl
| | 50 |1 It
| i | |
: Nominal cover ! !
L/L '/ \ Il ]' ‘1"
= J [
- _1 \ [_ - -] ]
| -+
| |
I |
| I
[ I+
| |
Not to projectinto—"| .o
nominal cover

It is necessary to square saw-cut the bar ends so that any
gap after butting the bars does not exceed 3°. Sleeves for
20mm size bars and larger are available. To cater for the
possibility of some tensile forces it is desirable to stagger
compression joints or provide a small size bar (say, T10) as
a splice lapping across the joint.

The normal cover requirements for durability and for fire
should apply from the outside face of the coupler and not
from the reinforcement bar. Normally the cover specifted
to the links or stirrups will ensure adequate cover to the
coupler.

3.11.2 Tension

1. tapered threaded couplers (10mm and above)

2. swaged couplers (16mm rubbed and above)

3. sleeves filled with molten metal (12mm rubbed and
above)

4. welding (butt, lap or splice joints)

Method 1 is essentially a factory-based operation with
the threads being tightened on site; however the threading
can be carried out on site for larger projects. Methods 2, 3
and 4 are site operations in their basic form. However, by
introducing an intermediate stud, method 2 can be swaged
in the factory and tightened on site.

Methods 3 and 4 are applicable to both straight and bent
bars, but with the basic threaded (1) and basic swaged (2)
methods, the second bar to be fixed must be straight.
Modified versions of both methods are available where the
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Table 6 Cross-sectional

areas of bars at specific spacings in mm? per m width:

bar size bar spacing, mm
mm 50 75 100 125 150 175 200 250 300
6* 566 377 283 226 188 162 141 113 94
8 1 066 670 503 402 335 287 251 201 168
10 1570 1047 786 628 524 449 393 314 262
12 2262 1 508 1131 905 754 646 565 452 377
16 4022 2 681 201 1 608 1 340 1149 1005 801 670
20 — 4189 3142 2513 2094 1795 1571 1257 1 047
25 — 6 545 4 909 3927 3272 2 805 2454 1 963 1 636
32 — — 8 042 6434 6 362 4 596 4021 3217 2 681
40 — — — 10 053 8 378 7 181 6283 5027 4189
50* — — — — 13 090 11 220 9617 7 854 6 545
* non-prefered sizes. but given for sake of completeness
Table 7 Cross-sectional areas in square millimetres of specific numbers of bars (and perimeters)
size number of bars perimeter
mm 1 2 3 4 5 6 7 8 9 10 mm
6* 28.3 56.5 84.8 113 141 170 198 226 255 283 18.85
8 50.3| 100 151 201 251 302 352 402 452 503 25.13
10 78.5| 157 236 314 393 471 550 628 707 785 34.12
12 113.1f 226 339 452 566 679 792 905 1018 1131 37.70
16 201.1} 402 603 804 1 005 1206 1 407 1 608 1810 2011 50.27
20 314.2| 628 942 1257 1571 1885 2199 2513 2 827 3'142 62.83
25 4909, 982 1473 1963 2454 2 945 3436 3927 4 418 4 909 78.54
32 804.2| 1608 2413 3217 4021 4 825 5630 6 434 7238 8 042 100.5
40 1257 | 2513 3770 5026 6 283 7 540 8790 | 10053 | 11310 | 12 566 125.7
50~ 1963.51 3927 5 890 7 854 9 812 11 781 13744 | 15708 | 17 671 18 635 157.1

* non-preferred sizes. but given for sake of completeness
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nominal bar size

Table 8 Actual size of deformed bars
NN

| 6| 8|10 12]16]20]25]32]40

[+]

maximum bar

size ‘a’

I8’11)13\14‘19‘23‘29’37‘46
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Table 9 Weights of bars in kilogrammes per square metre (reinforcement in one direction only)

bar weight length spacing of bars in millimetres
size per metre | per tonne 50 75 100 125 150 175 200 250 300
mm kg m

6* 0.222 4 605 4.440 2.960 2.220 1.776 1.480 1.269 1.110 0.888 0.740

8 0.395 2532 7.900 5.267 3.950 3.160 2.633 2.257 1.975 1.580 1.317
10 0.616 1823 12.320 8.213 6.160 4.928 4.107 3.520 3.080 2.464 2.053
12 0.888 1126 17.760 | 11.84 8.880 7.104 5.920 5.074 4.440 3.552 2.960
16 1.579 633 31.580 | 21.05 15.79 12.63 10.53 9.023 7.895 6.316 5.263
20 2.466 406 — | 32.88 24.66 19.73 16.44 14.09 12.33 9.864 8.220
25 2.854 259 — | 51.39 38.54 30.83 25.69 22.02 19.27 15.42 12.85
32 6.313 158 — — | 63.13 50.50 42.09 36.07 31.57 25.25 21.04
40 9.864 101 — — — | 78.91 65.76 56.37 49.32 39.46 32.88
50* 15.413 65 — — — — 1102.75 88.07 77.06 61.65 51.38

* non-preferred sizes

Table 10 Equivalent bar sizes

2 bars 3 bars 4 bars

size |total | equivalent | total | equivalent | total | equivalent
mm | area size area size area size

mm? mm mm? mm mm? mm
16 402 23 603 28 804 32
20 628 28 943 35 1260 40
25 982 35 1470 43 1960 50
32 1610 45 2410 55 3220 64
40 | 2510 57 3770 69 5030 80
50 3927 71 5890 87 7854 100

Table 11 Designated fabric (BS 4483)

type of kize of mesh BS weight size cross-sectional size cross-sectional notes
fabric mm X mm| ref. no. kg/m® mm area mm?/m mm area mm*/m
A98 1.54 5 98 5 98 fabric made in
, Al42 2.22 6 142 6 142 either hard-drawn
square mesh 200 x 200 A193 3.02 7 193 7 193 wire (BS 4482) or
A252 3.95 8 252 8 252 bars (BS 4449)
A393 6.16 10 393 10 393
exceptions: A98
and all long-mesh
B196 3.05 5 196 fabrics and main
B283 3.73 6 283 7 193 wires of B196,
B385 4.53 7 385 plain hard drawn
wire only.
structural mesh | 100 X 200 stock sheets
B503 5.93 8 503 2.4m wide
B785 8.14 10 785 8 252 4.8m long
B1131 10.90 12 1131
€283 2.61 6 283
C385 341 7 385 S 49
C503 4.34 8 503
long mesh 100 x 400
C636* 5.55 9 636 6 71
C785 6.72 10 785
wrapping 100 x 100| D31 0.49 2 31 2 31 stock sheets
D49 0.77 25 49 2.5 49 24m X 1.2m
200 x 2001 D98 1.54 5.0 98 5.0 98

The BS reference numbser is the area of the main wires in mm> per metre width rounded to the nearest mm-,

The prefix letter indicates:
square mesh
B structural mesh (cross wires 10 comply with BS 8110}
C  long mesh (light cross wires)
D wrapping fabric
X other fabrics
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second bar is bent and cannot therefore be rotated, but by
careful detailing it is usually possible to use the second bar
in a straight form, e.g. where the second bar would have
been bent to provide a nominal end anchorage it is often
possible to lap a small size bar instead. A slim version of
method 1 is available with approximately the same overall
diameter as a ribbed bar.

\*W

I

___+

Where a bent second bar is completely unavoidable it
may be possible to join it to the first bar before the first bar
is concreted into position.

N N~
FHHH HH
/7
L i
\JL- L\Jha
1 2 3

Grade 250 and grade 460 bars are defined as readily
weldable in BS 4449,

Full-strength welds can be obtained with both grades of
bars. It is a common fallacy that cold-worked bars revert
to mild steel, but this is not true for the time/temperature
input associated with welding. Care needs to be taken to
ensure that properly qualified welders carry out all
welding of full strength joints in reinforcement.

Metal-arc butt weld with double-V preparation

Butt weld with fillet weld 10 x bar size in length

For more information on 1 to 4, refer to CIRIA report 92
and to coupler and reinforcement suppliers.
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3.11.3 Detailing joints
Compression joints should be detailed like this:

(shape code 99)

2000

and scheduled like this:

Tension joints should be detailed like this:

— e

(shape code 99)

3000

and scheduled like this:

Since couplers do not appear in BS 4466 an explanation
of the signs should be given in the general notes on each
drawing and bar schedule.

Note: In all cases the detailer should assume that the bar
terminates at the centre of coupler (i.e. allow for no gap).
The necessary adjustments to length can then be made
according the system chosen. For long runs of coupled bars
(e.g. multi-storey columns), small amounts of dimensional
‘creep’ may occur because of the accumulative effect of
tolerances, and the desired length of the final bar should be
checked in situ before end preparation.
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Appendix 3A Large-radius bends

The radius of bend is required to be greater than the standard

where bars are stressed beyond a distance of four times the bar

size past the end of the bend (BS 8110, clause 3.12.8.25).
Examples of where large radius bends may be required:

end column and wall connections to beam or slab
cantilever retaining walls

corbels

bottom bars for simple pile caps.

tcu= 25 N/mm?2

In circumstances where triaxial compressive stresses exist or
where a bar is placed inside and perpendicular to the bend, it is
possible to reduce the large radius of bend. In this instance the
engineer should be consulted.

Table A1 Large-radius bends: internal radius of bend, mm

design stress in bar at
ay ultimate load bar size, mm
mm N/mm’ 10 12 16 20 25 32 40
100 30 35
150 45 55
200 55 75
25 250 70 90
300 85 110
350 100 130
400 115 150
100 20 30 40 55 80
150 35 40 60 85 120
200 45 55 80 115 155
50 250 55 70 105 140 195
300 65 85 125 170 235
350 75 100 145 200 275
400 90 110 165 225 315
100 20 25 35 50 65 95
150 30 35 55 70 100 140
200 40 50 70 95 130 185
75 250 50 60 90 120 165 235
300 60 75 110 145 195 280
350 70 85 125 170 230 325
400 80 100 145 195 260 375
100 20 25 35 45 60 80 115
150 30 35 50 65 90 125 170
200 40 45 65 85 120 165 225
100 250 45 60 85 110 145 205 285
300 55 70 100 130 175 245 340
350 65 80 115 155 205 290 395
400 75 95 135 175 235 330 450
100 20 25 30 40 50 70 95
150 25 35 45 60 80 110 145
150 200 35 45 60 80 105 145 195
and 250 45 55 75 100 130 180 240
over 300 S5 65 90 120 155 215 290
350 60 75 105 140 185 250 335
400 70 85 120 160 210 285 385

Notes:
1. Maximum design stress = characteristic stress/1.15
grade 250 217.4 N/mm’
grade 460 400 N/mm?
2. Minimum radius may govern
grade 250 2 x bar size
grade 460 3 X bar size (< 20 mm)
grade 460 4 x bar size (= 25 mm)

IStructE Detailing Manual 23



few = 30 N/mm?

Table A2 Large-radius bends: internal radius of bend, mm

design stress in bar at
a, ultimate load bar size, mm
mm N/mm’ 10 12 16 20 25 32 40
100 25 30
150 35 45
200 45 60
25 250 60 75
300 70 90
350 80 110
400 95 125
100 20 25 35 45 65
150 25 35 50 70 100
200 35 45 70 95 130
50 250 45 60 85 120 165
300 55 70 105 140 195
350 65 80 120 165 230
400 75 95 135 190 260
100 20 25 30 40 55 80
150 25 30 45 60 80 115
200 35 40 60 80 110 155
75 250 40 50 75 100 135 195
300 50 60 90 120 165 235
350 60 75 105 140 190 270
400 65 85 120 160 220 310
100 20 20 30 40 50 70 95
150 25 30 40 55 75 105 140
200 30 40 55 75 100 135 190
100 250 40 50 70 90 125 170 235
300 45 60 85 110 145 205 285
350 55 70 95 130 170 240 330
400 65 80 110 145 195 275 375
100 20 20 30 40 50 65 80
150 20 25 40 50 65 90 120
150 200 30 35 50 65 85 120 160
and 250 35 45 65 85 110 150 200
over 300 45 55 75 100 130 180 240
350 50 65 90 115 155 210 280
400 60 75 100 135 175 240 320

Notes:
. Maximum design stress = characteristic stress/1.15
grade 250 217.4 N/mm?
grade 460 400 N/mm’>
2. Minimum radius may govern
grade 250 2 x bar size
grade 460 3 X bar size (< 20 mm)
grade 460 4 x bar size (= 25 mm)
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Table A3 Large-radius bends: internal radius of bend, mm

ay

design stress in bar at
ultimate load

bar size, mm

fou = 35 N/mm?

mm N/mm? 10 12 16 20 25 32 40
100 20 25
150 30 40
200 40 35
25 250 50 65
300 60 80
350 70 90
400 80 105
100 20 25 30 40 55
150 25 30 45 60 85
200 30 40 60 80 110
50 250 40 50 75 100 140
300 45 60 90 120 170
350 55 70 105 140 195
400 65 80 120 160 225
100 20 25 30 40 50 65
150 20 25 40 50 70 100
200 30 35 50 70 95 135
75 250 35 45 65 85 115 165
300 45 55 75 105 140 200
350 50 60 90 120 165 235
400 55 70 100 140 185 265
100 20 25 30 40 50 65 80
150 20 25 35 45 65 90 120
200 25 35 45 65 85 120 160
100 250 35 40 60 80 105 145 200
300 40 50 70 95 125 175 240
350 45 60 85 110 145 205 285
400 55 65 95 125 170 235 325
100 20 25 30 40 50 65 80
150 20 25 35 45 55 75 105
150 200 25 30 45 55 75 100 140
and 250 30 40 55 70 95 130 170
over 300 40 45 65 85 110 155 205
350 45 55 75 100 130 180 240
400 50 60 85 115 150 205 275

Notes:

1. Maximum design stress = characteristic stress/1.15
grade 250 217.4 N/mm?
grade 460 400 N/mm?
2. Minimum radius may govern
grade 250 2 X bar size
grade 460 3 x bar size (< 20 mm)
grade 460 4 X bar size (= 25 mm)
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Appendix 3B Anchorage and lap lengths
(BS 8110, clause 3.12.8)

Table B1 Equivalent straight anchorage lengths of standard hooks & bends, mm

anchorage fy bar size, mm
type value N/mm? 8 10 12 16 20 25 32 40
180° Hook f‘—a,f
— 162 250 128 160 192 256 320 400 512 640
—— f—L 240 | 460 192 240 | 288 | 384 | 480 | 600 | 768 | 960
90° Bend
wl I 8 250 64 80 96 128 160 200 256 320
=
EQuuvalent 129 460 96 120 144 192 240 300 384 480
Note: These values are rot hook allowances for forming 180° hooks. or bend allowances for forming %0° bends.
@ = bar size, mm
Table B2 Minimum overall depth of various U-bars, mm
shape code B r fy bar size, mm
N/mm? 8 10 12 16 20 25 32 40
(
B 62| 20 | 250 50 60 75 100 120 150 195 240
N € ———— 80| 3¢ | 460 65 80 100 130 160 - - -
1 e 100 | 40 | 460 - - - - - 250 | 320 | 400
38 (Trombone 100 | 20 | 250 80 100 | 120 | 160 | 200 | 250 | 320 | 400
8 ‘{‘ i 12| 30 | 460 100 120 145 195 240 - - -
& 14| 40 | 460 - - - - - 350 450 560

(ii) the minimum cover to lapped corner bars (not in top) of

Tension laps (BS 8110, clause 3.12.8.13) a section is less than 2 X bar size, or

Tension laps should be at least equal in length to the anchorage -
length necessary to develop the 3e51gn stress in the bars. If the 29

lapped bars are of unequal size, then the lap length is based on the ‘ﬁ 0O Oe)
size of the smaller bar. Furthermore:

(a) The lap length is increased to 1.4 x anchorage length (see
Tables B4 to B7) if:

(i) the minimum cover to lapped bars in the top of a section
as cast is less than 2 X bar size, or

) <20 A - L
<20
@ o Q p (] ®
>75 | |
>60 . 80 ®90 oe)
<20 J ! ¥ '
Lapped bars -
<75 or <6@

(iii) the clear distance between adjacent laps is less than 75
mm or 6 X bar size. whichever is greater.
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<29

._\K___.

<29
|

<75o0r<64d

(b) The lap length is increased to 2.0 X anchorage length (see
Tables B4 to B8) if conditions (a) (i) and (ii) above apply.

Compression laps (BS 8110, clause 3.12.8.15)

The length of the compression lap should be 1.25 X the
compression anchorage length necessary to develop the design
stress in the bars (see Tables B4 to B7).

Lapping of bundled bars
(BS 8110, clause 3.12.4.1)

At laps no more than four bars may be in contact. ::
A ! | 1o
o0
| |
| Lap | Lap Lap
1 1
For bundles of three bars, laps should be staggered.
+ O
+ L X J

| tap |, Lap
1 g

For bundles of two bars (pairs), laps are preferably staggered.

Lap

Where bundles of two barss are lapped but not staggered, then the

lap length will be based on the equivalent diameter of the two

Ears. Otherwise the lap length is based on the value of the single
ar.
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Anchorage and lap lengths (BS 8110, clause 3.12.8)
(For lap lengths in accordance with BS 8007: 1987, see Section 9).

Grade 250 (mild-steel plain bar to BS 4449)

Design ultimate stress in tension or compression = 0.87f, = 217.5 N/mm?
Design ultimate anchorage bond stress f,,

feur, N/mm? | 25 30 | 335 | 4
tension | 1.4 1.53 | 1.66 I 1.77
compression 1.75 1.92 2.07 2.21
Table B3
size of bar, mm 8 10 12 16 20 25 32 40
tension anchorage = 0.87f, X @/4f,,, mm
25 310 39 465 620 775 975 1245 1555
f 30 285 355 425 570 710 885 1135 1420
w35 265 330 395 525 655 820 1050 1315
40 245 310 370 490 615 770 985 1230
compression anchorage = 0.87f, X @/4f;,, mm
25 250 310 375 500 620 775 995 1245
f 30 225 285 340 455 565 710 910 1135
@35 210 265 315 420 525 655 840 1050
40 195 245 295 395 490 615 785 985
tension lap = tension anchorage, 15 or 300 mm, whichever is greatest
25 310 390 465 620 775 970 1245 1555
£ 30 300 355 425 570 710 885 1135 1420
@35 300 330 395 525 655 820 1050 1315
40 300 305 370 490 615 770 985 1230
tension lap X 1.4 (BS 8110, clause 3.12.8.13)
25 435 545 650 870 1085 1360 1740 2175
i 30 395 495 595 795 995 1240 1590 1985
o 35 370 460 550 735 920 1150 1470 1840
40 345 430 515 690 860 1075 1375 1720
tension lap X 2.0 (BS 8110, clause 3.12.8.13)
25 620 780 930 1240 1550 1940 2490 3110
f 30 570 710 850 1140 1420 1770 2270 2840
35 530 660 790 1050 1310 1640 2100 2630
40 490 620 740 980 1230 1540 1970 2460
compression lap = compression anchorage x 1.25, 15@ or 300 mm, whichever is the greatest
25 310 390 465 620 775 970 1245 1555
f 30 300 355 425 570 710 885 1135 1420
o 35 300 330 395 525 655 820 1050 1315
40 300 305 370 490 615 770 985 1230

28
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Anchorage and lap lengths (BS 8110,

clause 3.12.8)

(For lap lengths in accordance with BS 8007: 1987, see Section 9).
Grade 460 (high yield deformed bar type 2 to BS 4449 and BS 4461)

Design ultimate stress in tension or compression = 0.87f, = 400.2 N/mm?

Design ultimate anchorage bond stress fi,,

four N/mm? | 25 | 30 | 35 | 40
tension ’ 2.5 ’ 2.74 ‘ 2.96 ‘ 3.16
compression 3.15 3.45 2.73 3.98
Table B4
size of bar, mm 8 10 12 16 20 25 32 40
tension anchorage = 0.87f, X @/4f,,, mm
25 320 400 480 640 800 1000 1280 1600
f 30 290 365 440 585 730 915 1170 1460
cu 35 270 340 405 540 675 845 1080 1355
40 255 315 380 505 635 790 1010 1265
compression anchorage = 0.87f, X @/4f;,, mm
25 255 320 380 510 635 795 1015 1270
f 30 230 290 350 465 580 725 930 1160
cu 35 210 270 320 430 535 670 860 1075
40 200 250 300 400 500 630 805 1005
tension lap = tension anchorage, 15¢ or 300 mm, whichever is greatest
25 320 400 480 640 800 1000 1280 1600
f 30 300 365 440 585 730 915 1170 1460
cu 35 300 340 405 540 675 845 1080 1355
40 300 315 380 505 635 790 1010 1270
tension lap X 1.4 (BS 8110, clause 3.12.8.13)
25 450 560 670 895 1120 1400 1795 2240
f 30 410 510 615 820 1025 1280 1635 2045
o 35 380 475 570 760 945 1185 1515 1895
40 355 445 530 710 885 1105 1415 1770
tension lap x 2.0 (BS 8110, clause 3.12.8.13)
25 640 800 960 1280 1600 2000 2560 3200
f 30 585 730 875 1170 1460 1825 2340 2925
u 35 540 675 810 1080 1355 1690 2165 2705
40 505 635 760 1010 1265 1580 2025 2530
compression lap = compression anchorage X 1.25, 15 or 300 mm, whichever is the greatest
25 320 390 475 635 795 995 1270 1590
f 30 300 360 435 580 725 905 1160 1450
cu 35 300 335 405 535 670 840 1075 1340
40 300 315 375 500 630 785 1005 1255
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Anchorage and lap lengths (BS 8110, clause 3.12.8)
(For lap lengths in accordance with BS 8007: 1987, see Section 9).

Grade 460 (plain wire to BS 4482)

Design ultimate stress in tension or compression = 0.87f, = 400.2 N/mm?
Design ultimate anchorage bond stress f,,,

fru» N/mm? | 25 | 30 | 35 | 40
tension | 1.4 l 1.53 | 1.66 | 1.77
compression 1.75 2.07 2.21
Table BS
size of bar, mm 5 6 7 8 9 10 12
tension anchorage = 0.87f, x @/4fy,,, mm
25 355 430 500 570 645 715 860
f 30 325 390 455 585 650 785
cu 35 300 360 425 485 545 605 725
40 280 340 395 450 510 565 680
compression anchorage = 0.87f, X @/4f,,, mm
25 285 345 400 455 515 570 685
. 30 260 315 365 420 470 520 625
35 240 290 340 385 435 485 580
40 225 270 315 360 405 450 540
tension lap = tension anchorage, 15 or 300 mm whichever is greatest
25 355 430 500 570 645 715 860
f 30 325 390 455 520 585 650 785
o 35 300 360 425 485 545 605 725
40 300 340 395 450 510 565 680
tension lap x 1.4 (BS 8110, clause 3.12.8.13)
25 500 600 700 800 900 1000 1200
f 30 455 550 640 730 1820 1915 1095
w35 425 505 590 675 760 845 1015
40 395 475 555 635 710 790 950
tension lap X 2.0 (BS 8110, clause 3.12.8.13)
25 715 860 1000 1145 1285 1430 1715
f 30 650 785 915 1045 1175 1305 1565
o 35 605 725 845 965 1085 1210 1450
40 565 680 790 905 1015 1130 1355
compression lap = compression anchorage x 1.25, 15& or 300 mm, whichever is the greatest
25 355 430 500 570 645 715 860
f 30 325 390 455 520 585 650 785
cu 35 300 360 425 485 545 605 725
40 300 340 395 450 510 565 680
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Anchorage and lap lengths (BS 8110, clause 3.12.8)
(For tap lengths in accordance with BS 8007: 1987, see Section 9),

Grade 460 (deformed type 2 wire to BS 4482)

Design ultimate stress in tension or compression = 0.87f, = 400.2 N/mm?
Design ultimate anchorage bond stress f,,

fowr N/mm? | 25 | 30 | 35 |
tension I 2.5 | 2.74 ’ 2.96 l 3.16
compression 3.15 3.45 3.73 3.98
Table B6
size of bar, mm 5 6 7 8 9 10 12
tension anchorage = 0.87f, X @/4f,,, mm
25 200 240 280 320 360 400 480
f 30 185 220 255 290 330 365 440
cu 35 170 205 235 270 305 340 405
40 160 190 220 255 285 315 380
compression anchorage = 0.87f, X @/4f,,, mm
25 160 190 220 255 285 320 380
f 30 145 175 205 230 260 290 350
cu 35 135 160 190 215 240 270 320
40 125 150 175 200 225 250 300
tension lap = tension anchorage, 15& or 300 mm whichever is greatest
25 300 300 300 320 360 400 480
f 30 300 300 300 300 330 365 440
cu 35 300 300 300 300 305 340 405
40 300 300 300 300 300 315 380
tension lap X 1.4 (BS 8110, clause 3.12.8.13)
25 300 335 390 450 505 560 670
£ 30 300 305 360 410 460 510 615
cu 35 300 300 330 380 425 475 570
40 300 300 310 355 400 445 530
tension lap X 2.0 (BS 8110, clause 3.12.8.13)
25 400 480 560 640 720 800 960
f 30 365 440 510 585 660 730 875
cu 35 340 405 475 540 610 675 810
40 315 380 445 505 570 635 760
compression lap = compression anchorage X 1.25, 15¢ or 300 mm, whichever is the greatest
25 300 300 300 320 355 395 475
£ 30 300 300 300 300 325 360 435
cu 35 300 300 300 300 300 335 405
40 300 300 300 300 300 315 375
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Anchorage and lap lengths (BS 8110, clause 3.12.8)
(For lap lengths in accordance with BS 8007: 1987, see Section 9).

Grade 460 (welded wire fabric to BS 4483)

Design ultimate stress in tension or compression = 0.87f, = 400.2 N/mm?
Design ultimate anchorage bond stress fp,,

32
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feuw, N/mm? | 25 | 30 | 35 | 4
tension I 325 | 3.56 | 3.85 | 4.11
compression | .05 4.44 4.79 5.12
Table B7
size of bar, mm 5 6 7 8 9 10 12
tension anchorage = 0.87f, X @/4f,,,, mm
25 155 185 215 245 275 310 370
f 30 140 170 195 225 255 280 335
cu 35 130 155 180 210 235 260 310
40 120 145 170 195 220 245 290
compression anchorage = 0.87f, X @/4f,,, mm
25 125 150 175 200 220 245 295
f 30 115 135 160 180 205 225 270
eu 35 105 125 145 165 190 210 250
40 100 115 135 155 175 195 235
tension lap = tension anchorage, but not less than 250 mm
25 250 250 250 250 275 310 370
£ 30 250 250 250 250 255 280 335
cu 35 250 250 250 250 250 260 310
40. 250 250 250 250 250 250 290
tension lap X 1.4 (BS 8110, clause 3.12.8.13) but not less than 250 mm
25 250 260 300 345 390 430 515
f 30 250 250 275 315 355 395 470
o 35 250 250 255 290 330 365 435
40 250 250 250 275 305 340 410
tension lap X 2.0 (BS 8110, clause 3.12.8.13) but not less than 250 mm
25 310 370 430 495 555 615 740
f 30 280 335 395 450 505 560 675
cu 35 260 310 365 415 470 520 625
40 250 290 340 390 440 485 585
compression lap = compression anchorage X 1.25, but not less than 250 mm
25 250 250 250 250 380 310 370
f 30 250 250 250 250 255 280 340
cu 35 250 250 250 250 250 260 315
40 250 250 250 250 250 250 295



Appendix 3C Shear resistance of beams
(BS 8110, clause 3.4.5)

Table C1 Ultimate shearing resistance provided by a single system of links

type of bar
reinforced | size } factor spacing of links (single system) (s,), mm
cement mm 50 75 100 125 150 175 200 225 250 |- 275 300
6 | K 246 164 123 98 82 70 61 54 49 44 41
bymax 615 410 307 246 205 175 153 136 123 11 102
grade 250 8 | Ky 437 291 218 175 145 125 109 97 87 79 73
v = gSO bymax | 1093 729 546 437 364 312 273 243 281 198 182
N/mm 10 | K 683 455 341 273 227 195 170 151 136 124 114
bymax | 1708 1139 854 683 569 488 427 379 341 310 284
12 | K 984 656 492 393 328 281 246 218 196 179 164
bymax | 2460 1640 1230 984 820 703 615 546 492 447 410
6 | K 452 301 226 181 150 129 113 100 90 82 75
bymax | 1131 754 565 452 377 323 283 251 226 205 188
grade 460 8 | K 804 536 402 322 268 230 201 178 161 146 134
v = 3,60 bumax | 2011 1341 1006 804 670 574 503 447 402 365 335
N/mm 10| K, | 1257 | 838 | 628 | 503 | 419 [ 359 | 314 | 279 | 251 | 228 | 209
bymax | 3143 2095 15711 1257 1047 898 785 698 628 571 524
12 | K 1810 1207 905 724 603 517 452 402 362 329 301
bymax | 4526 3017 2263 1810 1509 1293 1131 1006 905 823 754
0.87fvAsv . : . : . . .
=T = ultimate shearing resistance provided by single system in N/mm of effective depth
bymax = maximum permissible width of section with nominal links (single system), mm
Table C2 Ultimate shearing resistance in kN by bars Face of support :::;Lup bars
inclined at 45°
_ Ja1
ultimate resistance when @ = 45°
f, = 250 N/mm* fy = 460 N/mm? |
bar single double single double
size system system system system
16 30.9 61.8 56.9 113.8 -
20 48.3 96.6 88.9 177.8°
25 75.5 151.0 138.9 277.8
32 123.7 247.4 227.6 455.2
40 193.3 386.5 355.6 711.2
Double system
i
N /
/ /
/ /
45° 45° _
]
$1-5d $1-5d
Single system
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4.1 Detailing techniques

The majority of detailing examples contained in this report
are based on a manual detailing system, detailing fully all
aspects of each element. This method, being the ‘tradition-
al’ method of detailing in the UK, tends to be simpler to
plan and operate than the other methods listed below, but
In certain circumstances takes longer to produce.

4.2 Tabular method of detailing

The tabular method may be adopted where a number of
concrete elements have similar profile and reinforcement
arrangement but have differing dimensions and quantity of
reinforcement.. A typical element is drawn, usually not to
scale, but visually representative of its shape, with the
dimensions and reinforcement given as code letters. A
table is given to show the actual values of these code letters
for each individual element (see Table 12).

Advantages
A large number of similar elements may be detailed on a
few drawings
Quicker to produce therefore saving detailing time.

Disadvantages

Elements are not drawn to scale

Checking of drawings and schedules tends to take longer
and is more prone to error

Once alterations or additions are made, special details
may be required to which the initial tables have to
refer: this complicates the system and leads to errors

Visual checks of drawings may be misleading.

4.3 Preprinted drawings

These are used where a library of drawings are kept for
typical elements or details that may be required on other
contracts. Examples of this may be:

standard notes

pile caps with schedules

concrete box culverts

construction expansion joint details.

Copy negatives are taken of the original, and the title box is
completed to suit a particular contract. The advantages of
these drawings is obvious but care must be taken to ensure
that the details given do, in fact, apply to the condition
required. A check should also be made to ensure that the
preprinted drawing complies with current standards.

4.4 Overlay drawings

These are parts of drawings produced on clear acetate
negatives so that various parts may be brought together,
laid on top of each other, and printed to form a single
negative. These drawings are, by their nature, not to scale
and have similar advantages and disadvantages as the
tabular method of detailing.
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Detailing and scheduling

4.5 Computer-aided detailing and scheduling

It has been estimated that the manual detailing and
scheduling of a reinforced concrete structure takes twice as
long as the design stage. Therefore it follows that any
automatic method of detailing and scheduling should have
significant effect on design office procedures.

At present detailing and scheduling programs fall into
four main categories:

o Scheduling programs with no detailing capability
This type of program was the first to be developed and
removed the arithmetic drudgery and the inevitable
ﬁrrors from the preparation ot schedules and cutting
1sts.

e Scheduling programs with detailing capability based on
line printer diagrams and preprinted sheets
The output from some of the more sophisticated types of
scheduling programs contain line printer diagrams and
are intended to be used as reinforcement details when
read in conjunction with printed schedules or detail
sheets.

o Detailing and scheduling programs with visual display and
limitations on plotter output
The capability of these programs can include full interac-
tive input of data and drawn-to-scale details produced by
the plotter. These programs are normally limited to
structures based on a rectangular grid.

e Detailing and scheduling system with virtually no restric-
tion on plotter output with all drawing activities carried out
on a graphics display
In systems of this type the detailer uses a high-resolution
graphics display at every stage to produce and check his
drawings. The results are passed to a plotter for drawing
production. The schedule 1s automatically produced on a
printer, as a direct result of the computerized draughting
process.

Most of the scheduling programs were developed 10-15
years ago when computer graphics equipment was very
expensive, but although this type of hardware is now more
readily available, it must be remembered the cost of
producing or buying the software for a sophisticated
detailing program is a significant item. The ideal program is
one that requires the minimum input for the maximum
output, and experience has shown that a combination of
handwork and computer graphics is probably the most
economic method of detailing and scheduling

The relative advantages of different computer-aided
methods will vary from office to office depending on the
hardware, software and staff that are available, but it is
important to bear in mind that a computer-based detailing
and scheduling system is only a useful tool that has to be
used in a responsible way by a suitably experienced person.

4.6 Detailing reinforcement

Reinforcement detailing should be kept as simple as
possible consistent with showing its shape and exact
location. The standard sequence of description on drawing
is as follows:

Number, type and grade, size, mark, bar centres, location or
comment. For example, in a slab 20T16-63-150B1 describes
20 no. deformed type 2 bars of 16mm nominal size at a pitch
of 150mm in the bottom outer layer. The bar mark is 63—
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Table 12 Examples of tabular method of detailing

f Y
e i
'y
X ® d z
Bl .‘O, J Levet C
B2 _ _ X7 -
| [ —
(]
S -+ 2
T
c
B1 3
[Te}
o~
Plan Elevation
column bases
reinforcement level-
base no. off X Y V4
Bl B2 C
7A. 7B, 7C 3 1800 1800 | 400 | 12 T20-1-150 | 12 T20-1-150 19.00
8A, 8B, 8C 3 1800113501 400 | 9 T16-2-150 | 12 T20-1-150 19.000
|- E
. -
eng .
Level D _ T Kder \_E E 1 I - -
~ . [ | 7 7
t ! T Y
F .
- - B F - B
Level C [ i
eve C e | 9
N~ _
—_— — e
E E - E € €
A-A 1-1 2-2
column starters
level reinforcement column dims
col no. off sect | elev
C D E F A B
7ATB 15 |19.000 | 19.400 | 4 T32:3 | 3T10-4-150 | 11 |A-A| 350 | 550
6 T10-6-150
8C 4 19.500 | 19.950 | 6 T25-5 + 6 T10-7-150 2-2 {A-A| 575 575
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Note that bar centres, location or comment, are not usually
required for beams and columns (see Section 5). To avoid
confusion when totalling quantities for entry on the sche-
dule, the number of bars in a group or the number of sheets
of fabric in a set should be stated only one on the drawing.

The position of reinforcement should be established by
dimensions to the faces of the concrete or the formwork.

All reinforcement that needs to be fixed in a certain part
before it can be concreted should be detailed with that part,
e.g. starters from a tank floor into the walls must be
detailed with the floor.

Although the elements of a structure, such as beams,
slabs and columns, are detailed separately, the designer
and the detailer should always consider each element as a
part of the entire structure. Frequently the arrangement of
reinforcement in an element will affect the arrangement in
the adjacent elements, and the following cases often arise:

at beam-to-column intersections where the beam rein-
forcement must avoid the column reinforcement

at beam-to-beam intersections where the levels of the
several layers of reinforcement in each beam must
be such that they will pass over each other and give
the correct cover to the upper and lower layers

at slab-to-beam intersections the cover over the top
reinforcement in the beam must be sufficient for
the top steel in the slab to pass over the beam with
the correct cover.

Generally it is advisable early in the design to establish a
system for achieving the above, particularly in projects on
which several detailers may be working simultaneously on
adjacent elements of the structure.

It can be useful to detail to a large scale a typical
beam—column junction to determine reinforcement loca-
tions. Subsection 4.9 gives some guidelines and points to
consider when producing this drawing.

Detailing should be carried out so that fabrication of
reinforcement units off-site is facilitated. Sketches of
details to achieve this are shown in subsection 4.10
onwards. The decision to preassemble the reinforcement
will normally be taken by the contractor: however the
detailer should bear the possibility in mind.

4.7 Spacing of reinforcement
Minimum distances between bars (BS 8110, clause

3.12.11.1)

Horizontal distance

The horizontal distance between bars should not be less
than (h,g, + Smm), where A, is the maximum size of the
coarse aggregate.

Vertical distance
The vertical distance between bars should not be less than
%3 hag, (see Fig. 16).

hagg +5 But not less than the bar size or
equivalent bar size whichever
is the greater

OO OO

#hagg But not less than the bar size or

CD CX)T equivalent size when these

exceed hggg +5mm
Fig. 16

When the bar size or equivalent bar size is greater than
h,,. + Smm, both the vertical and horizontal distances
should be not less than the bar size or equivalent bar size.

Using 20mm maximum size aggregate, the minimum
horizontal distance will be 25mm and the vertical distance
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will be 16mm. These spacings will be satisfactory for single
bars up to 25mm diameter and for bundles using smaller
bars, e.g. 2T12. Generally the minimum spacing for
bundled bars will be determined from the equivalent
diameter.

4.8 Bundled bars (BS 8110, clause 3.12.4.1)

A bundle is defined as a group of parallel bars in contact to
act as a single unit and, for the purpose of design, is treated
as a single bar of equivalent area. The equivalent size of
a bundle is the size of a single round bar having an area
equal to the area of the bundle.

It is sometimes advantageous to bundle tensile or
compressive reinforcement with two, three or four bars in
contact to provide for better placing of concrete around and
between the reinforcement in heavily reinforced members.
Not more than four bars may be grouped into one bundle
even at laps.

No more than two bars should be bundled in one plane.
Typical bundle shapes are triangular, square, or L-shaped
patterns.

4.9 Points to consider before detailing

Points to consider before detailing are shown in Figs. 17,
18 and 19 used in conjunction with the general guidelines
given below.

General guidelines

(a) study and be familiar with what is to be detailed, check

that calculations, setting-out details, concrete profiles,

services, concrete covers, type of reinforcement, con-

crete grade required are known

decide which scales to be used

plan drawings for content and therefore number of

drawings required

determine which are secondary and which are main

beams from calculations and general-arrangement

drawings; check direction of slab spans and layering of

slab reinforcement

determine setting out of column reinforcement

consider any difficult junctions and draw sketch details

to a scale of 1:10 or larger to clarify

check that beam reinforcement will pass column rein-

forcement

check beam-to-beam connections and ensure layers of

reinforcement do not clash

check location of laps remembering maximum lengths

of bar available

detail all beams in one direction, then beams in other

direction

draw sufficient sections or details to show reinforce-

ment arrangement not only in simple areas but particu-

larly in congested areas of reinforcement

(1) check wording required for title boxes, notes, job
number and drawing number

(m) produce bar or fabric schedules, using a print of the
drawing and mark off bars as they are listed; update
drawing with errors found during scheduling

(n) provide check prints of both drawing and schedules
for checking by another competent person.

(b)
(c)

(d)

(e)
)

(g)
(h)
(i)
()
(k)

Notes relating to Figs. 17, 18 and 19

1. every column bar must be retained by a link except
where the distance between column bars is 150mm or
less

2. check that where column reinforcement is bent out, e.g.
top lift of column, the concrete cover will be maintained
and there is clearance for slab and beam reinforcement

3. secondary-beam reinforcement to have increased top
cover (check with designer that this reduction in lever

arm is satisfactory)
1
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Column reinforcement from =
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above cranked inside.
Crank 1:10 \ )

Check that when column bars
are cranked in they do not 10
foul any other reinforcement

o
T3]
4 L_ C

a =
8 e
c | 1 -
o
i L =T
8| ._.,J——L"L’",’J,_ﬂr-ﬂ/‘
8 “'3 ;-r-ﬂf—"’q/q

| =4
5|8
0| £
R =
a 5 = =
g Q Kicker

o \
(SN o]

N L |
Hole for vibrator, allow 75mm space
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» v 1] v ™ = , =9 \ ® v

<

»
| ]
p
\
p

\ Check sufficient space for slab
reinforcement at correct covers

See enlarged detail

/A
| See note 2 (Fig. 18) | Cross ties at 1000 crs to limit
% I I L1171 free height of link to 400mm
TF‘-" ) ‘ﬁ\_ Nominal longitudinal lacing bar

1 Check concrete cover is
= e _________ﬁ maintained to link
E j.ﬁ .:. / Check if chamfers and fillets are

y required. (They may affect the
Spacer bars/ cover to the reinforcement)

.S

Fig. 17 Typical section through main beam
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If corner bar has to move to the
right use smaller diameter to fit
into radius of link.

Check with designer

Spacer bars J

at 1000

Check that standard radius for
both links and secondary beam
‘reinforcement will pass between

main reinforcement

Check that if main baris
displaced it witl not foul

any other bar

Enlarged corner detail

RADIUS

2.x SIZE OF BAR FOR GRADE 250
3 x SIZE OF BAR FOR GRAQE 460 { FOR SIZES
L x SIZE OF BAR FOR GRADE 460 ( FOR SIZES 25 70O S0 INCLUSIVE)

\ 31\?\\,&

Beam bar <

UP TO 20)

ACTUAL SIZE OF DEFORMED
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BARS. 4,9

o SrE 6|8 |10[12]16|20|25|32]40

oenorea | 8 [ 1|13 141923293746
Fig. 18

Link
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Check that there is sufficient space between links
to allow concrete and a vibrator to pass through. =
When calculating the actual space between links
remember to add the thickness of the returned | 5
legs of the link ! $

I ra A rq | ra M"]r‘r-
| 1

1A

|

Returned leg of link

|
With large columns it is advisable |
to keep central area free of links |
to allow access for cleaning out |
formwork prior to concreting :

——— e —— — i — —

7’/6
0

)

See note 2

-
11
]

S 7
See note 1 ‘ ) /

/ﬁ
Check if chamfers are required.
They may affect the cover to
the reinforcement

i
]

@ Denotes column bars from

below

Y |
|
a___

'Y

|

L

|
&

Fig. 19
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4.10 Detailing for off-site fabrication The top reinforcement in the
A main beam is in the form of

. . ﬁ: . .
Internal intersections 1 by fesien cansiderarions.
op reinforcement Small bars (12mm, say) are
used to locate the tops of the
links in the beam cage. The top
steel in the secondary beam
passes under the reinforce-
ment in the main beam.

B IN[RS I =
- PNl AR
UL G;;.‘\ 4//

T I @?/%\,\‘!

N An < p

NEgs \‘}

’ ! { \’-

NAWLN

In narrow beam sections, it

may be advantageous to posi- = —
tion some bars within the slab _7; %
outside the limits of the beam / y

in order to leave openings wide
enough for the insertion of a
vibrator. An additional stirrup
may be required since BS 8110
requires all tension reinforce-
ment to be enclosed.

may be used without any loss

!

|

Alternatively, bundled bars ‘!
of lever arm. :
[

Bottom reinforcement

B a
r_& length

The bottom reinforcement in
7 the beam does not extend into
the column, and the structural
continuity is provided by
lacing bars of a suitable size.

—_——t+-—— -4+ ——

———— e A o e — — e ] g —
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External intersections

A\

A useful method of connection if reversible
moments, such as those caused by wind
loading, have to be transmitted to the
column, is to fit loose U-bars into the pre-
fabricated beam cage.

In cases where a considerable degrec of fixity
is required at the end of the beam. L-bars
with the vertical leg cast into the lower
column are normally required. The bottom
reinforcement should be taken across the

column and provided with an adequate
anchorage.

44 I1StructE Detailing Manual



4.11 Schedules and scheduling

Scheduling is the operation of listing the location, mark,
type and size, number off, length and bending details of
each bar or sheet of fabric. When dealing with bars the
completed lists are called ‘bar schedules’ (see pages 49 and
50). The bars should be grouped together for each
structural unit, e.g. beam, column, etc. In a building, the
bars should be listed floor by floor.

Separate schedules should be prepared for fabric rein-
forcement using the form of fabric schedule shown (see
page 00). Fabrics should be grouped together according to
their BS reference number and the size of sheet.

For cutting and bending purposes schedules should be
provided as separate A4 sheets and not as part of the
detailed reinforcement drawings. Each schedule should be
a document complete in itself, and reference to earlier
schedules by the use of such terms ‘as before’ or ‘repeat as
1st floor’ should not be allowed.

Schedules are used by:

the detailer

the person checking the drawing

the contractor who orders the reinforcement

the organization responsible for fabricating the rein-
forcement

the steel fixer

the clerk of works or other inspector

the quantity surveyor.

The schedules should have simple consecutive reference
numbers not exceeding six characters, and should be
cross-referenced to the relevant drawing number. Such
terms as page number, sheet number, etc., can be confus-
ing and are not recommended. A convenient way of
achieving this is to use the first three characters to refer to
the drawing number (implying that the project will be
divided into units with a maximum number of 999 drawings
per unit), to use the next two characters to describe the
schedule number (starting at 01 and not exceeding 99
schedules per drawing), and to reserve the last character for
revision letters. If an internal job number or other internal
reference number is used, it is suggested that this should be
incorporated in the site reference — rather than extending
the reinforcement schedule reference.

The form of bar and fabric schedule and the shapes of bar
used should be in accordance with BS 4466. The preferred
shapes in this Standard account for more than 95% of the
reinforcement that is used. It is preferable that bars
should be listed in the schedule in numerical order.

It is quite common for a reinforcement supplier to
Frepare separate lists using the schedule as a basis. These

ists are referred to as ‘cutting and bending lists’, and on
these, the bars are usually sorted into delivery batches by
sequence of type, size and length.

It is essential that the bar mark reference on the label
attached to a bundle of bars refers uniquely to a particular
group or set of bars of defined length, size, shape and type
used on the job. This unique reference is achieved by a
combination of the bar schedule reference number and
the bar mark number (to comply with BS 4466, both the
schedule reference number and the bar mark must appear
on the label attached to the bundle of bars).

Thus the bar-schedule reference number (046 02A in the
example that follows, (note the importance of the zeros) and
the bar mark are associated, and the bar-marking system
that follows is based on the assumption that the bar-
schedule reference numbering system set out in BS 4466 is
used precisely as described with no variations. Each
schedule must have a different reference number and must
refer only to one drawing. Such terms as sheet number,
page number, 1 of 8, 2 of 8, etc. and such practices as
including the date, the year, the draughtsman’s initials, the
job number or other internal reference as part of the
reference number must not be used with this combined
systems of bar marking and schedule numbering. Each of
these practices may have intrinsic merits, but they should
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be abandoned in favour of a system that is universally
applicable and universally understood.

Correct scheduling is not possible without a thorough
knowledge of BS 4466.

The bar size is not part of the bar mark, and prefixes or
suffixes of letters or other characters to describe the
location of the bars should not be included in the bar mark.
The exception to this rule is when bars of varying shape or
length are used and are described on the drawing thus:

8T20~1(a to h)-150

The bar mark given on the schedule is therefore 1a, 1b,
lc....

On a small job with only a few drawings it may be
convenient to start at bar mark 1 and carry on through the
whole job in a consecutive sequence. On larger jobs it may
be more convenient to start scheduling each drawing with
bar mark 1, relying on the site to distinguish between mark
1 on drawing 1 and mark 1 on drawing 2.

When top and bottom reinforcement are detailed on
separate drawings it is advantageous to allocate a group of
bar marks for each drawing, e.g. bottom reinforcement bar
marks 1-99, top reinforcement bar marks 100-199.

When it becomes necessary to revise a bar item on the
schedule the schedule number should be given a revision
letter (not a number). The same letter should be written in
the right-hand margin of the schedule in line with the bar
marks affected. The bar-schedule reference number would
then become 1201 A but the bar mark would remain 63 as
before. The revision letter to the schedule is unrelated to a
revision letter on the drawing, the schedule may be revised
but without a revision to the related drawing.

Allowances for tolerances

Cover to reinforcement is liable to variation on account of
the cumulative effect of inevitable small errors in the
dimensions of formwork and the cutting, bending and
fixing of the reinforcement.

All reinforcement should be fixed to the nominal cover
shown on the drawings, using spacers of the same nominal
size as the nominal cover. The term ‘nominal cover’ implies
a permissible negative tolerance of 5Smm, i.e. the actual
cover could be Smm less than the nominal cover.

Where a reinforcing bar is to fit between two concrete
faces (e.g. a single rectangular link in a beam), the
dimensions on the schedule should be determined as the
nominal dimension of the concrete less the nominal cover
on each face and less an allowance for all other errors as in
Table 12.
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Deducation for tolerances in position of bent steel (BS 8110,
clause 3.12.1.3)

overall concrete dimension deduction to determine
(measured in direction of bending dimension
tolerance)
mm mm
1) 0-1000 10
(i) 1000-2000 15
(iii) over 2000 20

Deduction for tolerances at ends
of straight bars
(iv) any length I 40

These deducations apply to most reinforced concrete
construction, but where tolerances on member size is
greater than 5, 5, 10 and 10mm for the four categories,
respectively, larger deductions should be made or the
nominal cover increased (see Fig. 26).

Bending dimension to be
shown on schedule

ie: Nominal member size less
2 x nominal cover less an
allowance for all other errors

as given above
Nominal —— 1 Nominal
cover cover
[}
T T
Concrete—»| | i | fe——Concrete
face 1 | face
] [
| Reinforcement between
two concrete taces
Nominal size minus
allowable tolerance
o
Nominal size of member
shown on drawing
] Bending dimension to link to be

shown on bar schedule

ie: Nominal member size less
2x nominal cover less an
allowance for all other
tolerances as given above

r—
Reinforcement | | f&—— Nominal cover to link
between two |
|
I

concrete faces |

L1

l«— Concrete face

! ]

| l Nominal member size
minus allowable tolerance

Nominal size of member

shown on drawing

Concrete face ——» L

Fig. 26
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Paper width 210

15 | 25 15 12 10 12 12 15 10 15 15 15 15 15 9
! ——
40
I' } ’— ! 5555 5565 §
| MTTTTTT
XY and partners Bar schedule ref : @
0 Site ref: Jab AP /234 Date prepared : 2. 6.83% Date revised: 7/2-6.#3.
Fhysics Olook, Easrford. Prepared by : R47  Checked by : 48C.
N I | | !
Bar Type | No |No of | Total [Length[Shape L §| % | ¥+ | *
20 Member mark | and | of | bars| no |of each| code A B (o I D IEIr
size |mbrs| in bar t | |
each mm mm | mm | mm ! mm ' mm
t t
of wor 48. | 5 |76 |4 |2 |8 | 828 20| sAasciur] | !
L | t i
6a|72|2 | 4 |8 |/300|37|F0] | | |
t 1 t
G4|720|2 | 4 |8 /500 37| 2w | ! | |
I I I ]
Gol|720|2 |4 | & |/7w0| 37| 2| | | l
' [ | |
64,7202¢8/9m37%1 | | |
| [ | |
! t ] | |
. /%0
‘l 7 | 72| 5| 5 | 25 |3¢00| 99 o’ !
N
h | |
Paper | | © ,
length T- s T .
297 ( Gire\ olmedsions -Iof’fn’
ot | not dngres) I
| ! N
23%10 | ! !
=230 772 \ T | |
8 || 5|0 |50 |2/00| 29 zZe\ ! : A
oo | |
1 : i
I |
A
L)
]
.
|
—— —
| |
N
I I
RN
I
| |
| | ' |
] | ; !
[ | |
| I
| ] | 1 }
i I | i ,
i } | ' t
I
I T
| |
1 | L
This schedule complies with the requirements of BS 4466
1 % Specified in multiples of Smm 1t Specified in multiples of 25 mm
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5 Structural elements

General guidance for the preparation of drawings is
provided in Section 2; more detailed guidance is provided
in this Section.*

Each element described for detailing is divided into three
parts:

1. design information that the detailer needs to and his
understanding of the requirements (for clarity cross-
references are given to the relevant clause in BS 8110
although equivalent requirements may appear in other
design codes)

2. detailing methods

3. examples of detailing (yellow pages).

*Note 1 Throughout this Section + denotes reference to clause number in BS 8110.
Note 2 See BS 1192 for preferred method of showing sections and dimensions.
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5.1 LAYOUTS

Layout drawings, commonly known as general arrange (d) Nibs on columns

ment drawings (or GAs) are developed over a period of
time and coordinated from dimensional information pro
vided by the architect, engineer and specialists. The
dimensions should be checked and approved before
commencing the detailing of reinforcement.

5.1.10 Methods of preparing general arrange
ment drawings for concrete structures
Projects vary in size and complexity. It is important to
select a scale that will enable the final drawing to be read
with clarity. Large floor areas can be spread over several
drawings and linked and referenced by means of key plans.
Local complexities, such as staircases, can be isolated and
referenced to a larger-scale drawing.

5.1.11 Information shown on general arrange-
ment drawings for concrete structures
5.1.11.1 On plan

(a) Grid lines

These form a network

across the job and pro- [

vide a convenient datum @__ o
for dimensioning and ref-

erencing elements (see
subsection 2.20). I

Grids usually coincide
with the centre-lines of @-~— -—

columns; clarify if they 50
do not. '

(b) Centre-lines | col.
1

3050

These often coincide
with grid lines. Other-

by offset dimensions --&£MLt -
from nearest grid. It is

useful to locate groups

of holes, pockets. isolated bases. plinths. machinery,
plant, etc.

|
(c) Columns 100)200

State overall concrete size
(largest dimension first) and m
locate relative to the nearest |
grid lines. If the size of the ____ } 1 4
I
|

wise notate and locate i
|
I

column is greater below
floor. show the lower profile
dotted; its size will be indic-
ated on the lower floor plan. col.

Where repetition occurs it 500 x 300
may be convenient to add an !
explanatory note, e.g. all columns 300 X 300 and
centred on grid lines unless noted.

52

)

Dimension on plan.

Where the profile
becomes more com-
plex it may be neces-
sary to refer to an
enlarged detail for
dimensions. Ele-
vations will be re-
quired if the vertical
extent of the nibs is
not obvious from
the plan.

Downstand beams

State beam reference
(see subsection 2.20)
and overall concrete
size (h X b), both pre-
ferably at the centre of
span. The dotted line
plots the profile of the
lowest beam

300

See

DETAIL ‘A’

soffit. 384 _

Where repeti- -%._'.-_'__'___“;J__
tion occurs it ma e o
be convenient tg 500x 300 |
add an explan- —
atory note, e.g. ®
all internal beams <l

600 x 300 unless
noted.

Upstand beams

State beam reference and
overall concrete size (h X
b). Add level to top of
beam and/or draw section
to clarify.
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(g) Nibs and kerbs NIB
on beams 2150
200 deep
1425, 1575 [—
Locate extent of ] 1-150 1 ~175
projection on —t ) |
plan and notate, \ - —,
indicating depth. —_— — ‘__q
Clarify with sec- 600
tion and/or add -150
levels to top. KERB
I 150 high
(h) Bases and (150)
ground slabs | GROUND
Notate and indi- SLAB
cate thickness.
- | -
S| (so0)
BASE
Type ‘A

(j) Suspended slabs
Show direction of span and

indicate thickness of slab, pre- iﬂ—
ferably near the centre of the
panel. | 175
one-way spanning ‘—I—'
two-way spanning 150
cantilever CANTILEVER
tapered cantilever 150 to 200
(add section) CANTILEVER

(k) Walls 105
State wall thickness 1

and its location rel-
ative to the nearest

datum. If the wall
size under is differ-

ent then show its
profile dotted; its
thickness will be in-
dicated on the lower

floor plan.

() Dwarf walls and

parapets 105{ 350

18

_ =] | N

These walls are 150 7‘ —
viewed just above -
their top and not PARAPET 311100
ated. Sections 1
and/or levels are 32.500

added for clarity.
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(m) Loadbearing =

450
walls R
(i) Indicate wall ~ costo
material and 2 <
thickness L:—Xh/.\./.\/-l%
and its loca-
tion relative 225 Block |

to the nearest

WALL

datum. Supporting walls under to be shown dotted
and notated on the lower floor plan.

(ii) Locate and
identify walls
above floors
that are not

lns

225 Brick WALL

continuously '|
supported by
walis below. !

Generally non-loadbearing parti
structural drawings.

{n) Levels
These provide a vertical
displayed prominently at ea
thus:

(1) top level of concrete,

e.g. foundation base

(ii) top of structural floor

level

(ii1) top of finished floor
level

(iv) top of existing level

(v) arrow indicates direc-
tion of down slopes and

falls and up slopes

(vi) arrow indicates level
top surface as noted.

(p) Steps in level
Lines at a change in level can
be quickly identified by
adding sectional hatching to
the plan as follows:

step on
top
surface

splay on slab soffit
shown dotted

locate steps to the
nearest datum
appropriate.

& | above slab only

tions are not shown on

datum and should be
ch level as appropriate,

SFL
150-050

FFL
150-075

EL
150-075

50 FALL

"

LEDGE
245-750

to

[50000] ,,, b7

150 I |
Tk

=41 45° splay
I | under

2000 I 100

33



(q) Joints
Any special joint re
quired by the engineer

Description of

|
]
|
should be located and r JOINT
notated on plan witha I
bold chain-dotted line |
and supported by a sec 5250
tion if required for ’f
clarification. I [
1
(r) Stairwells & 3]
On floor plans, complicated areas such
as stairwells are often referred to an +
enlarged layout drawing. The direction
of stair flights should be indicated as STAIR 1
though standing on the subject floor.
The area referred to is crossed. Seedrg..{...
(s) Holes | |
All should be drawn & group
to scale, sized and
located to the near 175 200
est datum:
(i) hole through —f—{ 'y
slab
(ii) groups <'zxyrs ‘%‘ I §
of & 175x100
holes. —
= 2no. HOLES
Identify - -+ 100 x100
holes with a
Cross. )60
(iii) holes through beams or walls.
Indicate level to bottom 1250 350'
of hole, e.g. 50
window sill. X
Show cross
dotted if =1
below the 500 ,, 500
section, €.g. L d
downstand { >< _}
beam. — =k
|
OPENING

An elevation will be required

if holes are too complicated to

show on plan.

(t) Pockets and recesses

(1) similar to holes but
identify area with
diagonal only and
notate

(i1) small pockets such
as those used for
anchor bolts are
usually identified by
a large dot and
noiated.

54

7-500 | Bottom.

150 high
1175,200 ,
_l*,L:
pkt. o
25deep @B
| el
_ ol
(@]
| wn
o
- __".
I | ~hno.pkt.
125x125
L1701275) 100 Geen

5.1.11.2 On section

Sections are drawn to clarify the plan and provide mainly
vertical information:

(a)

(b)

General cross-sections

These provide a general impression of the entire
vertical structure. Major dimensions and levels are
shown. Complicated profiles etc. can remain undimen-
sioned — these will be shown by local section prepared
with the floor layouts. The elevation of background
walls and columns are often included to increase the
impression.

Local sections £ SFL
Show all vertical dimen- 1-500
sions and levels. Some ¥ ==
horizontal dimensions ] u
added will help to tie in | e —
with the plan. Local sec- o
tions are preferably g 3
placed alongside the plan. i

|

5.1.11.3 Fixing in concrete

Where ancilliary fixings are likely to affect the proper
location of the reinforcement they should be located on the
drawings. Where extensive, these fixings may be indicated
only and referred to other drawings for location etc.
Consideration shoud also be given to any extra reinforce-
ment required.
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5.1.20 Example of general-arrangement drawing for concrete structures

®

®©

150 3750 4250 150
KERB
150 high N
|
l 8D2 | BE2 @
B T~ 4s0x300 & 600 x300
O =T 5
.-ﬁ — — e e e e i, — — —— —— — -
\\ji== | i
\ |550| 3 ! " :
150 STEP P, ~$
% — |
I AN |
250, | L8 78 w0300 |
i SINEY T
ee
| 150 B X drg- /.| | |
o - 8 [}
= =1 © |2 |
S ES‘: | SFL o E] |(: |
e~
=~ol | 112:000] ¢ © ~ lg 9|
< ™1/\1650 ™ — @
| WALL— | 125 L %
1500x750x300 high |
: with 4 No. pkt Ay | 2050) J‘;S
75 x 75 x 75 deep. } | | ) o
|| 702 Up Down: H I
8125 | } -
| 500 x 300 2= | _7E2 1 T
M- \N—— 7T — 1 i m—

(:)— Pl w——————— e ———— . Y
1350\ 500,500, | 111 400x300  T[[PNeol 1
~ i I ||| 500x300
'l: :JJ_L [ 8 | OI

- Sk /0
N N i S w1 5 &
8 o Ll { H (Do -—: w XI
31 &% : |0 3| ©3!
150 STEP_ 7
0o w
21 % 15 —W/”f I
| .02 0 ez _lH-r
@' 1 =* ’f‘ 1 _ - 1 2
2 | 450x300 600x 300 !

7th FLOOR LAYOUT
All columns 300x300 and centred on grids,unless noted.

150

450 150

150
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5.2 SLABS

5.2.10 Design information

These data are output from the approved calculations for
each span which should indicate:

(a) For slabs designed and detailed in accordance with BS
8110 simplified rules (for bar curtailment rules etc, see
clause 5.2.11.1)

(i) concrete grade to determine laps, durability, etc.

(1) design method assumed, i.e. 1-way, 2-way, flat
slab, etc.

(iii) type of support assumed, i.e. simple, restrained,
cantilever, etc.

(iv) cover for top T1 and bottom B1 bars (see clause
5.2.22.1a)

(v) orientation for layering bars, e.g.

& o
.., Q..‘ Q.or

(vi) type of reinforcement and any size restrictions

(vii) area of main stee] for bottom and top bars
(required) AJ(mm-/m) or, preferred type/size
and pitch (actual)

(viil) special requirements. i.e. data for tie, torsion,
shear bars. trimming of holes. internal radius of
bends if non-standard. etc. Provide sketches
where appropriate.

(b) For other slabs, in addition to above:

(ix) location of bar curtailments. if non-standard (for
BS 8110 bar curtailment general rules see clause
5.2.11.2)

(x) location of compression bars if required
A’ (mm*/m)
(xi) width of non-standard width column strips in flat
slabs

(xi1) lap lengths required if non-standard

(xiii) any special requirements, i.e. data for column
drops

(c) Summary of slab calculations

For convenience it is often possible to rationalize main
reinforcement areas/type, size and pitch. These can be
summarized for the detailer by marking up a copy of
the relevant general. arrangement drawing, using
coloured pencils to differentiate top from bottom bars,
or using the abbreviations Bl. T1. etc. (see clause
5.2.22.1a), i.e.

locate A, bottom on panel thus:

B B1
1000mm%¥m  T16 @ 200
locate A, top on panel thus: or
m T
1300mm¥m T8 @150

The additional data outlined in (a) or (b) above can be
noted in the margins or sketched on plan to suit.

(d) Minimum reinforcement
These data are not always provided in the calculations.
but are based on minimum or nominal percentages of
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reinforcement related to the slab thickness and rein-
forcement type (see Table 15)
Minimum reinforcement is generally provided as:

(1) distribution bars in B2 layer for 1-way slabs
(ii) lacer bars to top main bars.
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5.2.11 Design code requirements
5.2.11.1 Simplified rules for bar curtailments in slabs
(BS 8110, clause 3.12.10, Fig. 3.25)

Assumptions:

a. Slabs are of approximately equal span (within 15%)

b. Slabs support substantially uniformly distributed loads

¢. Check that top slab reinforcement satisfies beam flange
requirements (3.4.1.5t)

(i) simple end support, no restraint

d. Tie force requirements should also be considered

(3.12.31)

e. Consider torsional effects in 2-way slabs where corners
are prevented from lifting (3.5.3%).

(i) discontinuous edge (flat slab)

min{

0-25¢%v, @ col. strip
0- 12— @ other strips(3

J_vc1ries - as

74,407

specified

end |
anchorage \, < —J
See 5.2.11.3 21 T_ T_ 0
aorb 7/7/ 1 40% As As As(strip) 40% Ag (strip)
‘—M— min N— min
0-1¢ 014
max { =span max
l«—Q or line of effective support -
| I
(iii) restrained end support (iv) continuous internal support
0.15¢* , . 03t% 0-3¢%
. : =
{unlc;(s)o/sp:cn::d min 50%mln 0~15(*§ 0.15'9;5 mso%
° s _'n___,\;] As Top min —-A?Top )mln AsTop
PN ﬂ-— l (s agger I
end I\ g ' ! Tl A
anchorage / L T —
See 5.2.11.3 » 4L0% As As 40% As
4 min fx =greater of A min
0-1€ adjacent 0-2¢
max spans { or {, max
{£=span Ar 4 -
¢ ¢
(v) cantilever .
unless specified
€ L% .q ¥
AsTop— 1-Sk™or 0-3¢
0-5k* 0-75k*or
min 0-15¢*%
50% AgTop 50% AsTop
. |
nominal —| 40% As As
use min. min
tension unless 02¢
* or 4S g specified max
whichever
is greater k {=span o
cantilever T
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5.2.11.2 General recommendations for bar curtailments in slabs (clause 3.12.9.1%)

le———Face of support —M support

Ta |Ta min

| Ta
As Top
’ -M End support BM envelope\ 05

As [\Top N 05 £ N
N} AsTop /

A\ 05 \ /
AsBtm
- > T Top bars shown
a 05 As a Y2 LapTO SUIT staggered.
Btm 44 P Bottom bars shown
ja’ +M span alternate.
E END SPAN | INTERNAL SPAN __
3 S
¢ ¢
Key Ta=Tension Anchorage Length E = Effective End Anchorage required
N = Nominal 12g or d (effective depth) If simple sulpport
whichever is the greater # = Bar nominal size

5.2.11.3 End anchorage alternatives based on BS 8110: general recommendations (3.12.9.47)

Simply supported ends

(a) straight bars in bottom {b} bent bars in bottom
d L d
w | 3p for R bars
1y, fvg/ . N Lo for T bars up to T20
; ; 3 or 30mm, whichever greater
either (i) . ]\providing shear stress at face |/ 5S¢ for T bars over T20
or (ii) 122 is less than ¥2 appropriate value. () 4 standard bend past ¢
or (iii) 128+ 97 or (i) std. bend + 92
] }
l«—— @ or line of effective support >
Restrained ends
{a) U-bars in top (b) U-bars extended (c) 'trombone’ bars {(d) L-bars in top
I
le—F ———wla—F F—J<—F le—F
Ta Ta( o A Ta

L \ | L

L—‘___
_.[_ AL lap __\,__’__ ) I—_

-~

Consider non - std.
radius if vertical

Key F=Face of vertical bar in restraining member leg >84

Ta= Tension Anchorage Length

'5.2.]1.4 Tie provision (internal andlor peripheral)
(3.12.3%)

Ensure that any reinforcement specified for stability ties is
effectively continuous by lapping and/or anchoring as
necessary.
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Table 15 Minimum tension reinforcement in slabs

(3.12.5.2.)1 Table 3.27

Spacing of minimum tension reinforcement 4

F, = 460N/mm*
0.13% bh
(both directions)

b = 1000

]

F, = 250N/mm?
" 0.24% bh
(both directions)

> flan .‘p R

0.15% fl.h
(across flanged beams)

b = 1000

bar nominal size, mm bar nominal size, mm bar nominal size, mm

8 l 10 | 12 ‘ 16 é%?h 8 | 10 l 12 | 16 ég?h 8 1 10 ‘ 12 I 16 |
pitch, mm mm pitch, mm mm pitch, mm

200 200 100 200 200 100 200 200

300 300 125 150 250 300 125 275 300

250 375 375 150 125 200 300 375 150 225 350

200 300 450 175 100 175 250 450 175 175 300 400

175 300 400 200 150 225 400 200 150 250 350

150 250 350 225 125 200 350 225 150 225 300

150 200 300 250 125 175 300 250 125 200 300

125 200 250 500 300 100 150 250 300 100 175 250 400

100 150 250 400 350 125 225 350 150 200 350
150 200 375 400 100 200 400 125 175 300
100 175 300 500 150 500 100 150 250

Note: The above chart is not applicable to water-retaining structures.

Table 16 Maximum spacing of tension bars in slabs

(3.12.11.2.7%)

(a) In all cases, maximum spacing not to exceed the lesser of 3d or 750mm

Normal cracking controlled using following rules:
(b) F, = 250, maximum slab depth = 250mm
(c) F, = 460, maximum slab depth = 200mm
(d) Ay < 0.3% bd

(e} When A, = 0.3 — 1.0% bd limit bar spacing to value from Table below

% reinforcement
(f) When A, > 1% bh use appropriate spacing (mm) from Table below

Spacing of bars according to % redistribution

%moment to or from section considered

fv -30 =25 =20 -135 -10 0 +10 +15 +20 +25 +30

250 210 225 240 255 270 300 300 300 300 300 300 c o

460 115 120 130 135 145 160 180 185 195 200 210 M
m

Note: If % moment redistribution unknown assume (—15) at supports, (0) for span (3.12.11.2.8)

5.2.20 Detailing
5.2.21 Methods of detailing slabs

There are several techniques possible for detailing slabs —
choice perhaps depending on the size of the project, its
complexity and the degree of panel repetition. Normally
the concrete profile dimensions are abstracted from the
relevant general-arrangement drawings. These together
with the calculations should be at their final stage before
commencing the detailing stage.

5.2.21.1 Combined top and bottom reinforcement

(a) Multipanels
Prepare concrete profiles from the general-
arrangement drawing to a suitable scale, usually 1:50.
Identify similar panel types, and detail bottom then top
reinforcement for each different panel type. Large
floors may spread over several drawings linked by key
plans.
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(b) Unit panels
Similar to clause 5.2.21.1a, but different panel types
are identified and drawn as single panels linked by key
plan. Method particularly flexible when panel types
repeat throughout a job. Adjacent panel reinforce-
ment should be carefully coordinated.

5.2.21.2 Separate top and bottom reinforcement

Useful when detailing fabric or when the reinforcement is
very complicated. Top and bottom reinforcement is sepa-
rated for clarity and drawn onto two identical outlines,
preferably on the same drawing. Suitable instructions
should ensure that these separate layers are constructed
together.
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5.2.21.3 Tabular method bar | type/
Combinations of informa- mark | size ete.
tion such as bar mark, bar

. A 63 T10
type and size, bar pitch, etc.
can be scheduled alongside ete etc

the detail. This will tend to

reduce congestion on the drawing and improve checking
procedures, computer methods and the work of the
quantity surveyor Each typical bar should be identified on
the drawing by its bar mark and bar layer (see clauses

5.2.22.1 and 5.2.34 example.)

5.2.21.4 Computer methods

Where drawings are produced fully or partly by computer
graphics the method of preparation and presentation
should follow standard principles wherever possible.

5.2.22 Bar detailing on slabs

5.2.22.1 On plan

(a) Locating layers of reinforcement
Reinforcement is fixed in layers starting from the
bottom of the slab upwards and bar marks should
preferably follow a similar sequence of numbering.
Notation is as follows:

(i) abbreviation for
top outer layer T1 12 J':-Tl 12
(ii) abbreviation for < p
top second layer T2 eg. |5 g
(iii) abbreviation for B L2 31

bottom second layer B2

(iv) abbreviation for bottom outerlayer B1

Note: Repeat this sketch on each relevant drawing for clarity and presentation.

(b) Typical bar and indicator line

Generally each bar mark is represented on plan by a
typical bar drawn to scale, using a thick line. The bar is
positioned approximately midway along its indicator
line, the junction highlighted by a large dot. The first
and last bars in a zone of several bars are represented
by short thick lines, their extent indicated by arrow-
heads.

Bends or hooks, when they occur at either end of the
typical bar are represented by a medium dot or similar

(i) one bar only IT10-63-T1

2T10-63-150T1

(ii) twobars

(iii) a zone of three or more bars
20T10-63-150T1 }

gE

—e
3

(iv) multiple zones. showing

similar marks in each zone, (12} (8)
with quantities indicated in
brackets
20T10-63-150T1
63 64

(v) multiple zones,
showing  12T10-63-150T1
dissimilar marks in each
zone 8T20-64-200T1

Generally the ‘calling up’ of bars is located at the
periphery of the detail on an extension of the indicator
line, as shown above.

(vi) when space is restricted
‘calling up’ can be writ-
ten within the zone of the
indicator line, or in ex-
treme cases:

20T10-63 1150

(vii) written along the bar it-
self

20T10—63I150T1

(viii) instructions to stagger

bars of same mark Stg.
(ix) instructions to alternate 6344 64
bars of different mark Alt.
(c) Bars detailed ‘elsewhere’ are shown as —————
a thick dashed line SEE DRG

(d) Bars set out from a radius in a ‘fan’
zone

The indicator line can be located on a
datum radius for measuring the pitch
of the bars. Locate end of bars to

datum.

(e) Bars of varying length in a zone

Each bar in the zone is

given the same bar mark

but a different suffix, be-

ginning with ‘a’. The bar (_a f
schedule will allocate

different bar lengths to

r—‘rb'
each suffix as appropriate.
20710-63 (a to v)-150 |11~~~

)

Bars in long panels T
To simplify the ‘calling

up’ of strings of bars in
very long panels, e.g. ]
distribution bars in one-

way slabs, identical
bars of a convenient
length can be lapped
from end to end of the
panel. State minimum
lap. The use of random
length bars is not re-
commended.

3x8T10-63-] 150 B2
I min. lap 300 I

Cranked and bent bars

These are sometimes, for 63
convenience, drawn on ]
plan as though laid flat.

However, confusion on 64 [ALlt.
site can result if some of
these bars are required to be fixed flat and some
upright. Sections and notes should be provided to
clarify this method if used.

(g)

(h)

Fixing dimensions
Dimensions (mm) are res- |

tricted to those required by 1750 |
the steel-fixer to locate bars
not already controlled by end —

covers. Dimension lines are
thin lines terminated by short |
obliques.
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5.2.22.2 In section — drawn where required to clarify

the fixing

(a) Bars in elevation are repre-
sented by thick line with mark
indicator. -

(b) First and last bars in a zone are |
indicated by a dot in section with
appropriate mark.

(c) Curtailed bars are identified by

short 30° obliques with
appropriate mark. If congested
clarify ends with pointers.

5.2.23 Other requirements for slabs
5.2.23.1 Special notes for slabs

In addition to standard notes for reinforcement drawings
(see subsection 2.8) the following note should appear on all
slab drawings:

(a) Cover to outer reinforcement: B1...T1...end...

(b) Bar layer notation: top outer layer T1
top second layer T2
bottom second layer B2
bottom outer B1

5.2.23.2 Chairs and spacers

Chairs support the top reinforcement. Where specified,
traditional bent chairs of shape code 83 should be
scheduled using the following guidelines: '

(a) bar size for slab less than 200mm thick — 10mm
(b) bar size for slab greater than 200mm thick — 12Zmm

minimum.
(c) location within panel — along periphery of 0.1 span
(d) additional location for flat slab — along interior
supports

{e) spacing of chairs (and spacers) — 1000mm.

The bottomlayer is generally supported from the deck by
plastic or concrete-block spacers selected to provide the
appropriate concrete cover. For more comprehensive
information concerning chairs and spacers, see Section 6.

5.2.23.3 Trimming of holes in slabs

(a) Where holes, or groups of holes are considered to be of
structural significance (i.e. in flat slabs, etc.), the
design data should indicate any special reinforcement.

(b) Where holes, or groups of holes are considered to be
structurally insignificant, then the following rules
apply: | |

(i) minimum W1—j
unsupported s
edge distance =
width of hole w,

(i1) maximum width
of isolated
opening
measured at
right-angles to
span = 1000

(iii) maximum length
of isolated
opening - - -
measured span { x
parallel to span =
0.25 span /, { I

(iv) maximum total width (w,+w,+w;) of multiple
holes measured at right-angles to the span /, =
0.25 span /,

| M:IWZ

Twa

(v) small 1solated holes with sides 150mm or less can
generally be ignored structurally. Significant
holes should be drawn to scale and shown on the
reinforcement drawing.
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(vi) larger isolated holes with sides 500mm or less

either:

displace affected bars
equally either side of hole,
provided that resultant
spacing does not exceed
the values shown in
Tables 15 and 16.

or:

bars to face of hole. Com-

to trim all sides.
Trimmers should extend a

the hole.

cut or slide back affected
pensating bars of equal
area should be provided
|
minimum 45¢@ (nominal
anchorage length) beyond ) )
LSs LSe

(vii) large isolated holes
with sides (500-

1000)mm

Treat as (vi) above, /

but in addition trim
top of holes with

similar bars. Ifdepth  \\{

of slab exceeds
250mm, provide di-
agonal reinforce-
ment of similar area
in top and bottom,
but '

consideration should be given to the congestion

of multiple layers.

(viii) groups of

holes within
boundary of

trimmers
N

450

min

500mm or

less

_I_JY

Trim as

single hole

using

methods

—_—ad

described in
(vi) above.

459

min

Bars should
pass

alongside holes where possible.

(ix) groups of holes within boundary of (500-

1000)mm or less

Trim as single hole using methods described in

(vi) and (vii) above.
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5.2.24 Shear reinforcement in slabs (where minimum
depth = 200mm) (3.5.5.3+) Table 3.17+
Generally provided by vertical links which also serve as

chairs.

5.2.24.1 Flat slabs (3.7.6%)

(a) Column shear heads

(3.7.7.5%)

(1) A minimum of 2

(i1) Vertical shear legs

shear perimeters
are spaced at 0.75d

5.2.26 Fabric reinforcement in slabs

(a) General
Two-directional reinforcement can be factory welded
and fabricated into sheets to help speed fixing and
achieve economy in construction costs. BS 4466:1981
defines three types of fabric:

(1) Designated (standard mesh) fabric — see Tables,
Section 3.
Stock sheet sizes are 4.8 X 2.4m; these can be
reduced by cutting to suit. Wire sizes range up to
12Zmm with standard 100/200mm meshes.
Peripheral wires are welded at %2 pitch from the
edge of the sheet.

(ii) Scheduled (non-standard) fabric
Wire sizes (maximum 12mm) and sheet sizes can

from face of column % _ |- e eter be varied. Wire pitches must remain constant but

are shape code 81
(2 legs) or shape
code 85 (1 leg)
spaced at a
maximum of 1.5d
around each
perimeter

column slab
1 reinft.

(iii) Links can be threaded onto say T12 lacer bars to
form convenient ‘ladders’ which are fixed along
side the B2 then T2 layers of slab reinforcement.
This detail also ensures that adequate cover to

links is achieved.

(b) Column drops

(i) Main slab 71 75 cover
reinforcement ——————F—
carries through ¢4 1 _ T

(i1) Nominal mat: | drop
T12 at 300
each way coL.

Design data to specify
other

Alternatively, consider the use of fabric in these regions
(see subsection 2.6)

5.2.25 Torsion reinforcement in restrained slabs
(3.5.3.5%)

5.2.25.1 At corners (2 discontinuous edges, both
simple supports)

(a) Torsion
reinforcdement — ___l-__l
required top ) 1 ‘
anccli bottom. T iorsien

(b) Gross area I .«}/
required = 0.75 X | L
maximum A, span _
bottom each way |
in both top and

bottom.
(c) Extent of torsion bars = 0.2 X shorter span.
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may be non-standard. Wire projections at edges
may vary.
(iit) Detailed (purpose-made) fabric

These sheets can be specified using standard
reinforcing bars. These bars can be set at varying
pitches and edge projections. Sheet sizes can vary
with due consideration given to handling and
transportation.

Allfabrics can be bent to most BS shapes. However, ensure
that redundant cross-wires do not inhibit fixing. These
wires can be eliminated by specifying purpose-made fabric.
For further guidance consult the manufacturers of fabric.

{b) Suspended solid floor construction
For clarity on plan it is recommended that the top
sheets of fabric be drawn separately from the bottom
sheets, preferably on the same drawing. Fabric is
identified by a chain double-dashed line.

(i) Fabric detailing on plan. Each --
individual sheet is given a mark r-
number and related on plan to the ‘

concrete outline. .

Indicate the _I '__.
direction of the R% x
main reinforcement N T
and its layer notation. T‘\l oh i
Wherever multiple sheets | =7 .
of identical marks occur B1
they can be combined as -—
shown.

Areas of reinforcement
can be increased T
by double ‘layering’.

T3
Also consider the main
possible advantages of 4\
‘nesting’ the two sheets ::M B2
to maximize the lever arm.
. o i

Similarly ‘nesting’ when m/g\n
main steel is required ‘—UH—F T
in two directions,

'Y 3 T2

crossing at 90°.

Structural mesh type ‘B’ is often specified for
suspended slabs, possibly with the addition of
loose bars. With reasonable production runs, con-
sideration should be given to specifying ‘purpose-
made’ fabric. For each fabric mark indicate its
reinforcement in a table alongside the plan. Mini-
mum reinforcement requirements are shown in
Table 15.
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(c)

(d)

(if) Laps in fabric
The need for laps
should be kept to a

minimum and, where
required, should be

force. Allow sufficient

located away from
regions of high tensile F
clearance to E

accommodate any
‘multi-layering’ of

sheets at laps,

reducing these 3 sheets lap
occurrences

where possible by 2 sheets lap
‘staggering’ sheets.

Show lap dimensions on plan and/or indicate
minimum lap requirements in a note on the
drawing. Minimum laps are required to prevent
cracks caused by secondary stresses. Explanatory
notes and Tables of lap lengths for welded fabric
are given in Appendix 3B.

Voided-slab construction

A nominal designated fabric is normally placed within
the topping of trough and waffle-type floors. The
extent of the fabric is shown by a diagonal on the plan
of the reinforcement drawing and the fabric type
scheduled as gross area in m? by adding a suitable per-
centage to the net area of the floor to allow for laps. For
ordering purposes, the contractor should translate this
gross area into the quantity of sheets required to suit
his method of working. Where more comprehensive
detailing of fabric sheets is required refer to clause
5.2.26a.

Ground-slab construction

The presence of fabric reinforcement can be indicated
by a sketch and a prominent note on the drawing. This
can be the general-arrangement drawing (in straight-
forward cases.) The note should include type of fabric,
location within the depth of slab and mini-

mum lap requirements. A typical section to /[T
clarify this construction should be included.
The fabric type is scheduled as a gross area by
adding a suitable percentage to the net area
of slab to allow for laps. For ordering pur- NG
poses, the contractor should translate this

gross area into the quantity of sheets required to suit
his method of working. Where more comprehensive
detailing of fabric sheet is required, refer to subclause
5.2.26(a).
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5.2.30 Examples of detailing

5.2.31 Typical one-way spanning slab

—8T10-7-200 T

37716-6-200T1— —44T720-8-125 T1stg
I 1
o ] ) |
® i o A I 1 g g m ol
| re - .rg T 8 1r >t I 20T 10-4-200T72 stg .
=600 g = “ | i
=T l
| H
| 1550 I |
} noo | |
|
| Kel (O] Y : 10 710-5-200 T2
-+—J-—0— | b
| , 1
| = -
: - |
Af 150 4?0 l | TA
20T10-3-200 B2 i e - | |
| | I -—I—Q supports
N
i |
4 I
. ]
Yy i! ' y |
I g N |
® [
® === o 1 |
H !
Sce - 19T20-1] 200 B1
drg S7 18720-2 ] ait
PLAN Cover T1=20
@ B1=20
End= 40
6 —8 stg: Staggered
i S 1) 5 _ | alt : Alternate
b Ll b <
[ 2 3 f 7 1]
> 1
. L2
A-A
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5.2.32 Typical ribbed-slab panel

rwmo-n] 300
INKS YA i
Li7R8-13) [Tqrs [ 17R8-14-300 links
10T16-6-T2 10T10-7-T2— —10T25-8-T2 stg
2 perrib 2 perrib 2 perrib.
See
.Fdrg BN
. -4 -
@ ¥ ! g /F
X <9
— _i >t 3725-9-T1 stg.
¥ (6) ! | 1142 perrib
ol 2 ﬁHﬁ —— ¥ 8725-10-125 T1 stg.
S T T /r |
~ / 1
| [ ] ve 1550
/ 1325
. T:ﬁ— I— J sS4 > 4
<
6T12-11250T1 &2l — /\ _4H2)
150 l.sc{t L ‘j‘f . I 1000
— q g —
M X
a8 'J 11R8-15_/1/ 300 | thics ;-l [ A
6T 20-1-125 BI stg ' 2 = _I L
I \7/ Il N _
3725-2-B1 stg. e +—+—i M4 212538 stg.
1 per rib /l—_ —I l
/ I_ J <—Q cols.
I 1 L]
Ziimn
= L _]
T
® L e e ——HH
J
See 't:_cm 5720-47 B2 alt
drg S8 drg B12 5T20-5] 2 perrib.
@ PLAN (N)  Cover T1=35
B1=25
End=40
" " stg: Staggered
- -6 - fabric 8 ' alt : Alternate
| 141
13— } ﬁ[ "[' T T )
} 1] [ I T

5 2 4
L12 15 L4,5 3

A-A

J
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5.2.33 Typical flat-slab panel

16712-9-250T2

127 20-7-200 ——12T725-10-200
T2 ]T stg
18712 -8 -200— — 15716 -11-250
1200
® it i
+ T T T
o
" G T I ©
© o] - -1a-
S 8 P——# é } 8T716-13-250 ]T1stg
S M 44 (7, SR LI 12725-12-175
L] ~ T T
! e 1550
A 1325
(3) ! (6)
> ?—4— 9T12-14-250 T
[}
to—
w
Fao 150 | [ss0 ® fa
117251 wed) |, Jwss) 2]h \ 4(3+3)
mzs-z]B] alt @17'5 _r@zsol Hys 1!
| I la—— G cols.
]
A A _ Al F L
- e ;#-r s
> of | BL—
© X {3 ©
[A
A T 1
it 2 | : T
P L
See 6725-3
drg 510-[ 6T25-4 J200B2alt.
10720-5 Cover T1=30
I 175 B2 alt.
PLAN 10T20‘6] B1= 25
@ End= 40
stg:Staggered
8 -1 alt : Alternate
- 1% - 14 |
1 11 1 l 11
: 512 . 1,2 % 2 !
5.6
A-A
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5.2.34 Typical flat-slab panel (tabular method)

J 1200 i
® |
- jl, -
‘:I T T
n © -
wl 5|01 2 wlmiglEl s
o o | oy +? o~ g B | 2
o < J X X ©
38 i i T
8 =t
™ 4—'-—11,12
1550
v | + L 1325
1 ol
16
»} = —->|
o~ - ~| 2
'._ —
N - S ! ":"'
o @
L :L 5
|
450] ¢ - ©o
150 57
I
f 1 21181 3
A ' »H oo —H -
At |
|:- — @ cols
L ~1] X i A
- 7 = Iy T
¢ Cover T1=30
" | § w - B1=25
|'— End=40
T ) JL L . A 1 stg : Staggered
alt : Alternate
See
drg S10

® PLAN

Fixing information
Layer-Pitch (mm) | M | Type/size | No.bars || Layer-Pitch(mm) | MK | Type/size | No.bars
B1 175 -1- T25 7 T2 200 -9 T12 18
250 -2- T25 9 250 -10- T12 8+8
17% -3- T25 6 200 -1- T2S 6+6
4~ T 1 -12-
B2 200 __[ 25 3+3 250 12 T16 15
5- 125 3+3 T 175 -13- T25 7
175 _{6— T20 10 250 -14- T16 8
7- T20 10 175 -15- 125 6
T2 200 -8- T20 6+6 250 -16- T2 3+6
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5.2.35 Typical flat-slab panel showing fabric reinforcement

I y 1000
vl |1 I v TI ||
® -tmsemndl— T
| I i AN RIS
:I / / :l { || \ I I
/, :‘ H “ I 1
s / | | ' N
7 | |
|| [ /’ I| I é I I
, B1 N |
N il | i nl \g
A —=c | :‘-—+ | \r
= ppiaed 1 n
U apric 10 ]
1: & Ill I suit hole. 'l | &n ﬁl \ I
e [=] \ 0 '
© /. | s e Y
— == tH—— = —H—=
i i ESRVEANT
L 2-T12-1-B1 |
PART PLAN- PART PLAN-
BOTTOM FABRIC TOP FABRIC
+BARS
Fabri¢c —— = = ——
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5.3 COLUMNS

5.3.10 Design information

(b) Horizontal links

. .. . . ® ©
These data are output from the approved calculations for (i) Minimum size — V4 size of . o
each column type and should indicate: __ largest vertical bar (3.12.7'.1’r)
(i1) maximum pitch — 12 X size of
(a) General . . smallest compression bar (see [F ¥jee®
(i) concrete grade to determine laps, durability, Table 17).
.\ CEC- . . ) (iii) all vertical corner bars or groups *
(ii) cover requirements to vertical bars or links to be tied by links at minimum  [® °
iii) type of reinforcement and any size restrictions 135°. (3.12.7.2%) lo N
iv) required area and distribution of main vertical (iv) alternate outer vertical bars or L@ °
bars A,.(mm?) or preferred actual type/size, and groups should be tied by links I
location 3.12.7.2%) A
(v) kicker height, otherwise assumed as 75mm (v) however, outer vertical bars or
(vi) state lap length requirements at column splices groups, should be tied if spacing @
and whether tension or compression Between them exceeds 150mm.
(vii) state link type/size and pitch otherwise assumed (3.12.7.2%)
to be as code requirements, see below, also Table (vi) circular links ot spiral reinforce-
17 . . ment provides adequate restraint o
(viii) any special requirements. Tyoe ‘A’ in circular columns. (3.12.7.3%) 3
e
Summary of column calculations YP (c) In section, the length of the longer £
For convenience and simplicity it is often pos- | Asc side should not exceed 4 x length of
sible to rationalize similar reinforcement areas/ 3000mm? the shorter side. (3.8.1%) b
type, size and location: mm
For example, these can be summarized at the —ap
end of the calculations as columns - reinforce- Table 17 Column link data
ment types A, B, etc. Mark their location on o
copy of the relevant general-arrangement | |4T32 nominal size
drawings. o of vertical minimum size of links maximum pitch
bars of links
o~ Type ‘B’ o~ 4716 mm mm mm
E_\I s L5 E
£ £ ~ ~ 12 6 (8 preferred) 125
o (=} o [2ed
=4 = OR — 16 6 (8 preferred) 175
y < -~
X T160300 %716 20 6 (B preferred) 225
5.3.11 Design code requirements 25 8 300
(a) Main vertical reinforcement 32 8 ¥ 375Y often
(1) Minimum area 0.4% of cross section
(3.12.5.3%) Table 3.27% _ 40 10 475 | reduced
(1) Minimum size ot bars — 12mm 50 16 600 ] to 300

(1ii)) Minimum number of bars — no. in rectangular
columns
(iv) Minimum number of bars — 6 no. in circular
columns
(v) Maximum area if vertically cast — 6% of cross-
section (3.12.6.27)
(vi) Maximum area if horizontally precast — 8% of
cross-section (3.12.6.2%)
(vii) Maximum area at laps — 10% of cross-section
(3.12.6.2%)
(viii) Minimum overall jog-
gle offset = 2 @ + 10%
tolerance
(ix) Minimum joggle length
= 10 x centre-hne
ofset or 300mm mini-
mum
(x) Allow 75 clearance |

y

!

above lower bar to
start of joggle for toler-
ance
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* Reduce pitch of links to 200 at laps when cover is less than 112 X largest vertical bar
size (3.12.8.12%)

5.3.20 Detailing
5.3.21 Methods of detailing columns

Most columns with straightforward profiles are prepared in
tabular form, especially for the larger jobs. Alternatively,
columns can be shown in full elevation. Normally the
concrete profile dimensions are abstracted from the re-
levant general-arrangement drawings. These, together
with the calculations, should be at their final stage before
commencing the detailing stage.

5.3.21.1 Column schedules

The elevation is prepared in economical tabular form, the
concrete profile appearing only in the section.

I



Each column type is sche- Levels [Reinforcement |Sect.
duled, indicating storey SFL
height, floor levels, kicker -

heights and depth of hori- _l
zontal member. The verti-
cal reinforcement and links
are added to the schedule
and bar mark location iden-
tified from a mid-storey
height section. Additional SF
xZ

I
t
|
|

A-A

storey
Vertical
Links

-

sections may be added for 1 3
special features. Column Kicker—
starter bars cast with and projecting from other members,
e.g. bases, should be detailed with those members.

5.3.21.2 Column eleva- s I
tions ==z l

Concrete profiles are ele-
vated from at least ene side
depending on their com- yicat 3
plexity and preferably bars ” =l
drawn looking from a con-

sistent direction. Main ver- ) i

|
5

storey

+He 2| 4k

i'}“ W

tical and link reinforcement ~ SEL i -
is added, with sections to L Lkicker
clarify the fixing. North West

5.3.21.3 Columnibeam intersections

Often the most critical details on a job will be the
column-beam junctions. Careful thought should be given
at an early stage to the arrangement of bars. Preferably one

detail solution should be consistently followed throughout
(a) The simplest solution is to —Sl
allow the column bars to -1
run through the beam at )
constant cover. The trans- 1—J°99“
verse beam reinforcement —splice
is detailed to avoid these SFL Y
bars. The lower end of the _<=
vertical bar is joggled to - kicker
accommodate the splice with the lower member.
(b) Alternatively, the top end
of the vertical bar is jog- | [oPlice
gled to avoid beam bars SFL
and/or to accommodate ~
the splice above. Howev- £
er, this reduces the mo- _'—7
ment capacity of the col-
umn at the kicker. This
detail is also useful when

Vertical |

kicker

or

the column above de- SFL
creases in size by up to ~Z
75mm, say.

{c) When there are large
reductions in size of the SFL I
column above, the step i
between faces can be- __Q__ i %l_ i
come excessive for a T ~ }
bar to joggle. Usually (F Y] E links for
the vertical bar is ter- al_ls £ offset
minated within the A-A > starters
beam and a separate SEL

starter bar provided.
These starter bars are
provided with links tied into the lower column bars to
align them to lap with bars in the offset column above.
For bars with top bend, allow top clearance for beam
reinforcement (say, 100mm cover).

72

(d)

Where large bending
moments occur at ends, it is
sometimes necessary to pro-
vide separate bars fixed with
the column to carry these
moments from the framing
beam. They often require a
large radius bend (see
Appendix A) and are difficult
to place accurately. These
bars should be detailed with
the column, not with the
beam, and referenced ex-
tremely carefully to avoid

g

50 Cover

SFyL
&

—_——

— Col.

60 Cover
P

N—

T

clashes with other beam reinforcement. If structurally
feasible a U-bar placed and detailed with the beam is a

preferred detail.

5.3.22 Bar detailing on columns
5.3.22.1 On elevation

(a) Vertical bars
Generally each bar mark is illustrated by a typical bar
drawn as a thick line in elevation. Bars detailed
‘elsewhere’ are shown as a thick dashed line.

Turn along
grd B’

(b)

(i) In the tabular form jog-
gles and bends are drawn
in their correct relative
position. ‘Calling-up’ of
bars can be written along
the bar. Loose bars
should be located from a
floor datum. Note any
special orientation of
bends required.

(ii) In the elevated form bars
are related to the con-
crete profiles. Bars are
generally ‘called-up’ on
indicator lines.

Links

Generally the spread of links is indicated by an
indicator line terminated by arrowheads. The links are
provided to restrain the vertical bars from buckling.
Generally the top link terminates at the soffit of the
slab for peripheral columns, or at the soffit of the
shallowest beam for internal columns. Mild steel links
with their standard 2d internal bend radius allow
vertical corner bars to fit more closely into corners.

(1) single links

10R8-3-300

(i1) multiple links

5.3.22.2 On section

Generally sections are drawn at mid-
storey height looking down. Sections are
preferably drawn to a suitable scale to
clarify the fixing of the links and to locate
the vertical bars. Reinforcement in nibs
and projections should also be indicated.
Bars cut in section appear as black dots

K

-

OF FOUR

. 2x10R8-4) 250

with appropriate mark. Any starter bars

beyond appear as open circles. Links are
drawn with a thick line...

P2x10R8-5j IN SETS

T

250
INSETS
OF THREE

f

10R8-23

LI0R8-21

IM0R8-22

[1,]
(¥4
[1,]

*|[6

833

555
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5.3.23 Other requirements for columns
5.3.23.1 Special notes for columns

In addition to standard notes for reinforcement drawings

(see subsection 2.8) the following note should appear on all
column drawings:

Nominal cover to links.....mm, unless noted.

5.3.23.2 Column heads

Column head shear reinforcement is a special requirement
specified by the designer. This can be incorporated with the
column reinforcement or referenced and detailed as a
separate item or with the slab.

IStructE Detailing Manual
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5.3.30 Examples of detailing

COLUMN SCHEDULE
~ Column ot
Reference | TYPe C-27 No 3B, 4B-27 No
Roof SFL
7-000 o
== =3
g = il
— 7T T F
o
(e ]
b= o o| o] ¢
= I I s I I I
s & ol £ e
~ ) | |
- @© ~r
(3]
1st SFL =
3-500 X ﬁ X
=~ —
I 3] | 8] |
_7 bk —— R -
w
[=]
S - § A-A Z V| |2 68
a I ! <l Ll §le
3 o ™~ -1 - 1
- ' 3| o =
~ @ w|w
o S 1]
p X [-+1 L. o]
L 4[4
Gnd SFL | x I e
0-000 L@ M K
1‘_5“ drg.... -L—Sce drg.....
325, 6
—5
3 3 4
* o T =
o % e °o .o o
3 3 4
A-A B-B
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is blank

Previous page

COLUMN ELEVATIONS

®

Roof SFL
7-000
- < _
2116-8—4 |
c| 27169 S c
_L_ o _L
iy
o)
[+ 4
S 2
O\
k-~ 1st SFL
o Y 3-500
-3 ~~
4
“
4T720-3 ol$
4T
B| 2T16-4 Nle B
l = i
iy
D |
- i
I
R
X | | Gnd SFL
v 0-000
" =

10

L—J—See drg.....

COLUMNS 3B, 4B (2 No)
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5.4 BEAMS

5.4.10 Design information

These data are output from the calculations for each span
and the designer should indicate:

(a) For beams designed and detailed in accordance with BS
8110 simplified rules (for bar curtailment rules etc. see
subclause 5.4.11.1)

(i) concrete grade to determine laps, durability,
etc.

(ii) type of support assumed, i.e. simple restrained,
cantilever, etc.

(iii) nominal cover requirements to links/longitudin-
al bars with proper regard for durability and fire
resistance (see clause 3.3.9). Clearance should
be allowed for the layering of slab reinforcement
(see clause 5.2.22.13' and for beam bars at the
beam/column intersection (see clause 5.4.21)

(iv) type of reinforcement and any size restrictions

(v) area of main longitudinal tension bars (required)
Amm?®) or, preferred type/size, with sketch
(actual)

(vi) location of shear zones with dimensions from
centre-line of supports

(vii) area of shear reinforcement in each shear zone
(required) Ay (mm?) or, preferred type/size
and pitch of link legs both in elevation and
section, with sketch (actual)

(viii) any special requirements, e.g. location of com-
pression bars, torsion bars, bent-up shear bars,
trim for slots and holes, tie bars, laps and critical
stresses, radius of bend, etc.

For other beams, e.g. those with point loads, in
addition to above:

(ix) location of bar curtailments, if non-standard (for
BS 8110 general bar curtailment rules see clause
5.4.11.2). Provide bending moment diagrams if
available.

(b)

(c) Summary of beam calculations

When large areas of simple floor beams occur it is
possible to rationalize main reinforcement areas/type,
size including shear links. For example, these can be
summarized and presented to the detailer by marking
up two copies of the relevant general arrangement
drawing — one copy for east/west beams, the second
copy for north/south beams. Top from bottom data can
be differentiated by using coloured pencils, or the
abbreviations B and T.

i.e. locate A, bottom midspan thus:

1000mm? BTor 2T2'SBT
1600mm2T  or J—-ZT32T

500mm2/m or ,R8@175
|22mm /myor | R8@ITEy

locate A, top support

locate A, links and extent -E

Previous page

IStructE Detailing Manual is blank

Additional data required can be sketched or noted
on the print etc.

(d) Minimum reinforcement

(i) For minimum link reinforce-
ment see Table 19.

(ii) For min tension reinforce-
ment under various condi-
tions see Tables 21 and 22.

Beams whose depth exceeds

750mm should be provided with | p

side lacers (3.12.11.2.6%1)

maximum pitch 250mm

—— tie

:p: pitch

. . s, X b
minimum bar size = 7
v

mm. (3.12.5.4%)
where s, is the bar spacing

b is the breadth of section at the point consi-
dered (or 500mm if less).
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5.4.11 Code requirements for beams
5.4.11.1 Curtailment and areas of bars based on BS 8110 simplified rules (Fig 3.24, 3.12.10%)

Assumptions:

(a) Continuous spans are approximately equal (within 15% of longest)
(b) Beams support dominantly uniformly distributed loads

(c) Characteristic imposed loads do not exceed characteristic dead loads
(d) Tie force requirements should also be considered.

Use General Method shown in 5.4.11.2
min 0-25%or 1-25k*

min0151* or 0-75k™ 0-5k *

minimum lap {———,

le—curtail 50% As Top max —s|

nominal link hanger bar—

- | } EAs,rop

[ 7
g% d| effective depth

)

end anchorage / <]
(see 5.4.11.3 \ % n [ 1]]
a or b) Bt o . .
—50°6 As min ‘—As 30% As min
0-081 0151
A L Kk
v span cantilever
G effective support G effective support
| I
(i) simply supported end (ii) cantilever end
3 or 45 ¢, whichever is greater
0-25 Ix* 0-251x*
0-151(,% — link hangers 0-151x* 0-151x*
20%. As Top min. I .
. curtail
Unless specified Check tie force +—50°% As Top max—»]
50°/ As min requirements | —As Top
tension \ J I
anchorage
(see 5.4.11.3 d|effective depth
cord) ] pz T —— ———
T lap to suit lap to suit l T
] —As N :
30%0 As min— 0-1 l|  «——curtail 70% As max - 015 l‘ 1 L-30°/o As min
l] l2
ix = greater of adjacent spans ljorl2 g
¢ effective support

(iii} restrained end {iv) continuous interior

IStructE Detailing Manual
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5.4.11.2 Bar curtailments for beams based on BS 8110: general recommendations (3.12.91)

Ta = Tension Anchorage Length or effective depth d whichever is the greater
N = Nominal 12 g or beam effective depth d whichever is the greater

-M
Ta Ta
Ta - A
Face of support 4
Ta t
_ Ta ! Ta
(See 5.4.11.3 [ B.M envelope
cord) ™ «—As Top
As Top—» N N 6 bars shown N
|
3 bars shown i b i |1
effective
fectivela _BEAM \ |
[T 7 11
-3 As min <—As \ ,r -3 As min
3 bars shown | 6 bars shown \y ] 2 bars shown
' I
end coverﬂla Ta \ Ta
\
| Ta ~—— Ta
L Span *M

‘tcffective support
I

Restrained end support

¢ effective support
}

Continuous interior support

5.4.11.3 Anchorage alternatives based on BS 8110: general recommendations

Simply supported ends (3.12.9.4%)
(a) Straight bars in bottom

Ql-_ End support

or

/—¢ = bar size

w
: . face of support
either (i) 26
or (ii) 12¢+%min

Restrained ends
(c) L-bars in top

Ta

T

If bar extended |
below beam I
soffit then i

—

(b) Bent bars in bottom

é_ End support

&

/—1

)

either (i) |/
or (ii)

d=effective depth

(d) U-bars in top

Ta = Tension Anchorage

Length

F = Face of restrai
vertical bar

consider non-std. radius
if vertical leg beyond

column.

detail with
{U-bar preferred)

the bend is greater than 4g

end cover

[StructE Detailing Manual

ning

Standard bend
Std. bend + 3

for Type R=3¢ min
Type T =4¢ min

(T=59 when
#=25mm or greater)

end cover

consider non-std.radius
if bearing stress
1s exceeded

& |

)

-Cleg can be extended

to lap with span

bars (see 5.4.21.1)
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Table 18 Areas of reinforcement for various link combinations

nominal no. off areas, mm’
bar link pitch of links (maximum 0.75d), mm (3.4.5.5.%)
size legs 75 100 125 150 175 200 225 250 300 400
2 754 566 452 378 324 284 255 226 189 142
4 1508 1132 904 756 648 568 510 452 378 284
6 6 2262 1698 1356 1134 972 852 765 678 567 426
8 3016 | 2264 1808 1512 1296 1136 1020 904 756 568
10 3770 | 2830 | 2260 1890 1620 1420 1275 1130 943 710
2 1342 1006 804 670 574 504 453 402 336 252
4 2684 | 2012 1608 1340 1148 1008 906 804 672 304
8 6 4026 | 3018 | 2412 | 2010 1722 1512 1359 1206 1008 756
8 5368 | 4024 | 3216 | 2680 | 2296 | 2016 1812 1608 1344 1008
10 6710 | 5030 | 4020 | 3350 | 2870 | 2520 | 2265 2010 1680 1260
2 2100 1570 1256 1046 898 786 707 628 524 393
4 4200 | 3140 | 2512 | 2092 1796 1572 1414 1256 1048 786
10 6 6300 | 4710 | 3768 | 3138 | 2694 | 2358 | 2121 1884 1572 1179
8 8400 | 6280 | 5024 | 4184 | 3592 | 3144 | 2828 | 2512 | 2906 1572
10 10500 | 7850 | 6280 | 5230 | 4490 | 3930 | 3535 3140 | 2620 1965
3020 | 2260 1810 1508 1292 1132 1018 904 754 566
4 6040 | 4520 | 3620 | 3016 | 2584 | 2264 | 2036 1808 1508 1132
12 6 9060 | 6780 | 5430 | 4524 | 3876 | 3396 | 3054 | 2712 2262 1698
8 12080 | 9040 | 7240 | 6032 | s168 | 4528 | 4072 | 3616 | 3016 | 2264
10 15100 | 11300 | 9050 | 7540 | 6460 | 5660 | 5090 | 4520 | 3770 | 2830
2 5360 | 4020 | 3220 | 2680 | 2300 | 2020 1804 1608 1340 1010
4 — 8040 | 6440 | 5360 | 4600 | 4040 | 3608 | 3216 | 2680 | 2020
16 6 — 12060 | 9660 | 8040 | 6900 | 6060 | S412 | 4824 | 4020 3030
8 — 16080 | 12880 | 10720 | 9200 | 8080 | 7216 | 6432 | S360 | 4040
10 — 20100 | 16100 | 13400 | 11500 | 10100 | 9020 | 8040 | 6700 5050
2 8380 | 6280 | 5020 | 4180 | 3600 | 3140 | 2830 | 2520 | 2100 1570
4 — 12560 | 10040 | 8360 | 7200 | 6280 | 5660 | S040 | 4200 3140
20 6 — 18840 | 15060 | 12540 | 10800 | 9420 | 8490 | 7560 | 6300 | 4710
8 — 25120 | 20080 | 16720 | 14400 | 12560 | 11320 | 10080 | 8400 | 6280
10 — 31400 | 25100 | 20900 | 18000 | 15700 | 14150 | 12600 | 10500 | 7850

Check that clear distance between groups of multiple links is 60mm minimum.
Maximum pitch of link legs at 90° to span = 1.0 effective depth. ¢ (3.4.5.5.%)
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Table 19 Minimum areas of shear reinforcement

minimum area links (A,,) at any section

v = 0.4 bys, pitch of links along beam(s,). maximum 0.75d
0.87f,, mm
mm’ 100 150 200 250 300 350 400
fyv, N/mm? 250 | 460 | 250 | 460 | 250 | 460 | 250 | 460 | 250 | 460 | 250 | 460 | 250 | 460
150 28 15 42 23 56 30 69 38 83 45 97 53 111 60
200 37 20 56 30 74 40 92 50 111 60 129 70 148 80
225 42 23 63 34 83 45 104 . 57 125 68 145 79 166 90
250 46 25 69 38 92 50 115 63 138 75 161 88 184 100
breadth 275 51 28 76 42 102 55 127 69 152 83 178 97 | 203 110
of 300 56 30 83 45 111 60 | 138 75 166 90 | 194 105 | 221 120
beam 325 60 33 90 49 | 120 65 150 82 180 98 | 210 114 | 240 130
b, 350 65 35 97 53 129 70 | 161 88 | 194 | 105 | 226 123 | 258 140
mm 375 69 38 104 57 | 138 75 173 94 | 207 113 | 242 132 | 276 | 150
400 74 40 | 111 60 | 148 80 | 184 | 100 | 221 120 | 258 | 140 | 295 160
450 83 45 125 68 166 90 | 207 | 113 | 249 135 | 290 | 158 | 332 180
500 92 50 138 75 184 | 100 | 230 | 125 | 276 | 150 | 322 175 | 368 | 200
600 111 60 166 9 | 221 120 | 276 | 150 | 332 | 180 | 387 | 210 | 442 | 240
750 138 75 | 207 | 113 | 276 | 150 | 345 | 188 | 414 | 225 | 483 | 263 | 552 | 300
1000 184 100 | 276 | 150 | 368 | 200 | 460 | 250 | 552 | 300 | 644 | 350 | 736 | 400
Note: Maximum pitch of link legs in section = 1.0d (3.4.5.5.%)
examples: 1. f., = 460. b, = 400, s, = 300. ... A,, = 120 — Use 2 legs T10 (157) @ 300
2. fo, = 250, by, = 500. s, = 200. ... A, = 184 — Use 4 legs R8 (201) @ 200
Table 20 Maximum distance between tension bars Table 3.307 (3.12.11.2.3%) (3.12.11.2.5%)
% Redistribution of moments
Az30 Z50 | -5 | o~ | —15 | 10 0 +100 | #15 | +20 | 425 | 430
N/mm-
|mm| 115 120 130 135 145 160 180 185 195 200 210
)&_ 57 60) 65 68 72 80 90 93 97 100 105

Note: For minimum distance between bars see subsection 4.7.

IStructE Detailing Manual
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Table 21 Minimum areas of reinforcement, mm? Table 3.2.27% (3.12.5.3%)

Flanged beams
web in tension due to flexure

breadth of web, mm

fi = 460 N/mm-* 250 300 350 400 450 500 600

web/flange <04 =204 | <04 204 ] <04 ] 204] <04] =204 | <04 | 204 ] <04] 204 ) <04] 204
minimum % 0.18 | 013 | L18 [ 013 | 018 | 013 | 0.18 | 0.13 | 0.18 | 0.13 | 0.18 | 013 | 0.18 | 0.13
250 113 82 135 98 158 114 180 130 203 147 225 163 270 195

275 124 90 149 108 174 126 198 143 223 161 248 179 297 215

300 135 98 162 117 189 137 216 156 243 176 270 195 324 234

325 147 106 176 127 205 148 234 169 264 191 293 212 351 254

350 158 114 189 137 221 160 252 182 284 205 315 228 378 273

depth 375 169 122 203 147 237 171 270 195 304 220 338 244|405 293
of 400 180 130 216 156 252 182 288 | 208 324 234 360 260 | 432 312
beam 425 192 139 230 166 268 194 306 221 345 249 383 277 4539 332
mm 450 203 147 243 176 284 205 324 234 365 264 405 293 486 351
475 214 155 257 186 300 217 342 247 385 278 428 309 513 371

500 225 163 270 195 315 228 360 260 405 293 450 325 540 390

525 237 171 284 205 331 239 378 273 426 308 473 342 567 410

550 248 179 297 215 347 251 396 286 | 446 322 495 358 594 429

575 259 187 311 225 363 262 414 | 299 466 337 518 374 621 449

600 270 195 324 234 378 273 432 312 486 351 540 390 648 468

750 338 244 | 405 293 473 342 540 390 608 439 675 488 310 385

Note: Rectangular section subjected to flexure: minimum % reinforcement = 0.13

(use =0.4 table above)

Maximum tension/compression reinforcement = 49 gross cross-section concrete (3.12.6.1%)
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Table 22 Minimum areas of reinforcement, mm? Table 3.277 (3. 12.5.37%)

Flanged beams

flange in tension due to flexure over a continuous support

breadth of web, mm

fy = 460 N/mm? 250 300 350 400 450 500 600
flange type T L T L T L T L T L T L T L
minimum % 0.26 | 0.20 | 0.26 | 0.20 | 0.26 | 0.20 | 0.26 | 0.20 | 0.26 | 0.20 | 0.26 | 0.20 | 0.26 | 0.20

250 163 | 125 | 195 | 150 | 228 | 175 | 260 | 200 | 293 | 225 | 325 | 250 | 390 | 300

275 179 | 138 | 215 | 165 | 251 193 | 286 | 220 | 322 | 248 | 358 | 275 | 429 | 330

300 195 150 234 180 273 210 312 240 351 270 390 300 468 36()

325 212 163 254 195 296 228 338 260 381 293 423 325 507 390

350 228 175 273 210 319 245 364 280 410 315 455 350 546 420

depth 375 244 188 293 225 342 263 390 300 439 338 483 375 585 450
of 400 260 200 312 240 364 280 416 320 468 360 520 400 624 480
beam 425 277 213 332 255 387 298 442 340) 498 383 553 425 663 510
mm 450 293 225 351 270 410 315 468 360 527 405 585 450 702 540
475 309 238 371 285 433 333 494 380 556 428 613 475 741 570

500 325 250 390 300 455 350 520 400 585 450 650 500 780 600

325 342 263 410 315 478 368 546 420 615 473 683 525 819 630

550 358 275 429 330 501 385 572 440 644 495 717 550 858 66()

575 374 288 449 345 524 403 598 460 673 518 748 575 897 690

600 390 300 468 360 546 420 624 480 702 540) 780 600 936 720

750 488 375 585 450 683 525 780 600 878 675 975 750 | 1170 900

Note: For (i) Flanged beam with web in compression

or (ii) Rectangular beam in compression
Minimum % reinforcement for either if required for ULS = (.20% (use L-column in table)

IStructE Detailing Manual
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5.4.20 Detailing
5.4.21 Methods of detailing beams

Careful consideration should be given to the relationship of
the beam with its column junction. including the construc-
tion technique to be adopted. General-arrangement draw-
ings and design calculations should be at their final stage.

5.4.21.1 Splice-bar method

This simple method uses many straight bars and is ideal for
prefabrication.

| links )
end support to link '—top internal
splice bars hangers [ support
Lor U bars splice
suitable bars

-
bottom bottom
span bars

end span

a4

Span and link hanger bars stop usually 50mm inside the
face of the support. These bars together with the links form
the span cage, which during construction can be lifted then
lowered between supports. For continuity the separate
splice bars are threaded through the vertical bars at the
support and lap alongside the span bars in the cage. The
cover to the splice is independent of the span. allowing
greater freedom to deal with the various clearances re-
quired to avoid other bars. including those from intersect-
ing beams and columns. Normally it can be arranged that
column bars simply run through (see clause 5.3.21.3a).

Each beam can conveniently be detailed separately as a
unit span and can be allocated a ‘reinforcement-type’
reference number — similar beams sharing the same
reference. For location these reinforcement-type refer-
ences can be added to the general-arrangement drawing
alongside the unique beam reference number (see subsec-
tion 2.20), or perhaps added to a separate key plan or
separate schedule.

5.4.21.2 Alternative method

With this method bottom-span bars are normally lapped at
the centre-line of internal supports, although at wide
supports butted bars may be more suitable. Link hangers
lap with the ends of top support bars. Obstructions are
avoided either by stopping or by joggling bars, resulting in
fewer straight bars. Adjacent spans are often detailed
together in beam ‘runs’.

links — top internal
top end link support bars
support | ) l_hangers ] 14 ;
bars — ~—— — {
—1

o f [

1
Lbottom bars !

end span internal

spans

Critical detailing often occurs at intersections as follows:

(a) Beams same breadth as column
(i) If column bars (see

Columns 5.3.21.3a) | s o
are run through the
junction, then ob- l S
structed beam bars [P 9 PLAN
are stopped. o o |_
J‘—COL
Ly
SECT.

(i1) Column bars (see
clause 5.3.21.3b)

can be joggled to

allow the outer : ..
beam bars to pass, :

particularly when — col. PLAN
members are

narrow.

SECT.

(b) Beams of different breadth to column
Column bars are nor-
mally allowed to run
through the junction
and the beam bars are
usually unaffected but
this should be checked.
Wide beams will re-
quire extra links along-
side the column.

SECT. or

(c) Secondary beams same depth as
main beam
Generally the cover to the top beam

steel is increased to allow clearance ——
for the main beam and slab rein- ¢
forcement. Bottom bars can be jog- ELEVATION
gled over at the support.

(d) Narrow members
Care should be taken to avoid
congestion, particularly at laps in —_
bottom bars at column supports. If + b
butted bars are unsuitable, i.e. a F—li8l =]
lap is required for compression or ELEVATION
for tie force purposes, consider
either: < +

H . : )

(1) extending joggle to lap ELEVATION

outside column —
or (ii) using splice bar method
(see clause 5.4.21.1)

5.4.22 Bar detailing on beams
5.4.22.1 On elevation

(a) Longitudinal bars

Generally each bar mark is illustrated by a typical bar
drawn as a thick line and related to its supports and the
formwork. Bends and joggles are shown to scale where
possible. The ‘calling up’ of bars is indicated approx-
imately midway along the bar — maintaining design
‘groups’ where possible, to assist checking. Ends of
curtailed bars are identified by short obliques drawn at
30° and tagged with the appropriate bar mark.

1500
i —2T12-3 & M00 )} —2125-4

1 5 I—zrzs-s ‘

——— ! \__/#.

! ' >
wo.l 2 27251 21 Ir
tr L_27120-2 ¢
1

(b) Shear links
Usually the spread of links is indicated above the
elevation with an indicator line terminated by arrow-
heads.
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(i) Single zone, single links
End links should be a maximum of 0.5 pitch inside
the edge of support

300 20 R10-6-300
]1 J | -
I l I '
[ |
(ii) Single zone, multiple links
|
300 20R10-6)
Zx20R8-7J-300 '
| e
| | 1
l 1

(iii) Multiple zones
Dimension all but one of the ‘gaps’ between link
zones — usually adjacent to the nominal zone —
to allow some tolerance for fixing. Gaps should
not exceed the adjacent pitch.The first link is
usually located 75mm inside the edge of support.

| 00 I
225 8R12-6 12R10-8-300 8R'|2-61 22§

R10-7]150 R10-7J-150 '|
I L | b .

[ i

Ensure that all corners of links contain a longitu-
dinal bar, especially near the supports where bars
curtail.

5.4.22.2 On section —9

Typical sections are

selected to clarify the fixing 5y5 5 5
of the longitudinal bars Iﬂ A Q
within the link cage, includ- 7]

ing any nibs, upstands, etc. 5 — >
Sections are drawn looking e o] o
left at the elevation. Bars %_f_uj
cut in section appear as 3| 4 4 3
black dots, with appropriate yl2 2 3
mark. Those bars beyond, if

required, appear as open 5 spacer

circles. If not evenly spaced,
bars should be located from one side face. Links are drawn
in a thick line with a mark indicator.

5.4.22.3 Links on section

When selecting links consider the following:

—

Normally provide closed link shape code 60 60

Open link shape code 72 allows easier access
but check that hooks do not foul other bars

N N
72
%]

For torsion-link shape code 74 is used
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For wider beams use shape code 73
— which has no hooks, but anchor ends

73
with minimum 8d straight beyond the E—_j

bend. These links can also be employed nominally rein-
forced side beams, with one leg extended into slab

If cage is to be lifted provide nominal link top closers
shape code 35 — for stiffness

Combinations of these links can be [ 35 |

employed on wider beams to suit.

5.4.23 Other requirements for beams
5.4.23.1 Special notes for beams

In addition to the standard notes for reinforcement draw-
ings (see Section 2) the following note should appear on all
beam drawings:

nominal cover to links, mm

unless noted

5.4.23.2 Bent-up shear bars (3.4.5.6.7)

These are occasionally used in conjunction with shear links
to resist up to 50% shear force.

(a) Setting-out of a single 45° system

single shear
> —d]
d
RSN
*1-5d |+1-5d |$1)-5d

(b) Setting-out of a double 45° system

double shear [single

" |shear

Lb /
d-dj

d-dy|{d-dy|d-d;

Each horizontal leg should extend at least a tension
anchorage length Check radius of bend for bearing stresses
on the concrete. This radius is likely to be at least 6 x bar
necessitating a shape 99 bar (3.4.5.7+)
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5.4.30 Examples of detailing

5.4.31 Splice-bar method

A B8
gl 1500
CLOSERS 19R8-9-300 1
LINKS R10-8 | 2x8@150 /7225 11@300 2x8@150
(in pairs) (in pcnirs)rzzg-J —2T732-6
See 225 -2725-7
5o —2720-5 900 '
rg...... 17
10 5 | 10
—F < - J{jﬂ:: "
A 1
—_ S T
2 1 1soL
L-2720-3 1000 150 27254
27251 4
L 2725-2 A ' B
TYPICAL MAIN BEAM ¢ support
<—
300, 19R8-17-300 ¢ r’D
——2T20-14 —2T12-15 f,e 1500 2T25-16
end 0| oY l — olo [
cover . F = I‘ [
40 o[o ] olo|— p—— ——
1501l 150 12 1 1s0L ] hso
2T16-13
200, 4 - 2720-11 Y LU
600 L—1T20-12 C D
! 12
TYPICAL SECONDARY BEAM
—SPACERS 2T725-10
N1 M n
6|6 16 16
I3 | 31! 5 15 |
Mo v o — I} :i
Ti_—o'” II. o|l
. ] H.
8— H-—L|-—c°1. 17 Col.
Il | bars bars
“. e ® & °
3 3 e 4] nzn I
{1 22 1}3“"“‘“’“ L by
A-A B-B C-C D-
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5.4.32 Alternative method A l(_B
‘ 1500

CLOSERS | _ 13R8-9-300 t ~
LINKS R10-8 | 2x8@150 [225 11@300 | A2x8@150
225| {in pairs) (in poirs)' 25 2732-6
See— lgs0 —2T20-5 ‘ 1150 [ —2125-7
g.... 5 |} 1 {‘—'l 10 | 0
- = =t ‘h&E' jl: —
— ] 'Y [L o
1504 150 | | 1 AREE
l_, | 57120-3 150] | 1150
700 2725-1
| 900 2 ; 2725-2 '(—A '(78
TYPICAL MAIN BEAM ¢ support
L S rt
¢ suppo C 0
0 19R8-17-300 I ,
I
0
Fzrzo-u. —2T12-15 3 150 | 1—2725-16
end t — —~—— ale
cover
40 ole b ‘Ao_o ——
150 | 150 n| ] 12
1 150 | ]150
2720-1 !
600 " 2T16-12 c ' 0
1 : )

TYPICAL SECONDARY BEAM

—SPACERS 2T25-10

9
sn |qs
545 1 15 15
® [

o] B o]
_ | Col. _
8 Col._ 17 I‘

3 3 neen

1221 Bundied

A-A B-B c-C D-D
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5.5 FOUNDATIONS

This subsection deals with the following types of founda-
tions:

pads

pilecaps

tie beams for pilecaps
strip

ground beams
continuous footings
anchor or strap beams
rafts.

The methods of detailing these items, in particular tie
beams and rafts, are similar to those employed in detailing
slabs and beams (see subsections 5.2 and 5.4.), but there
are certain additional considerations to take into account,
and described in this subsection.

Ground floor slabs are dealt with in clause 5.2.26d.
Retaining walls are dealt with in subsection 3.6.

Caissons, -cofferdams, basements, shafts, piles and dia-
phragm walls are not illustrated specifically, but can be
detailed using the principles and details in this section.

5.5.10 Design information

These data are output from the approved foundation
design calculations and should indicate:

{a) (i) concrete grade to determine laps, durability,
etc.
(ii) dimensions of each foundation
%iii) level to top of each foundation
iv) type of reinforcement and any size restrictions
(v) required area and distribution of all reinforce-
ment
(vi) lap, anchorage and splice lengths
(vi1) curtailment of reinforcement
(viii) link type, size and pitch
(ix) position of reinforcement to avoid cut-off tops of
piles
(x) cover requirements, bottom, sides, top
(xi) position, number, size of starter bars
(xii) type and thickness of blinding
(xiil) position, number and size of holding down bolts,
if any
(xiv) any other special requirements
(xv) type of backfill between the top of the bases and
the underside of the ground floor slab.

(b) Summary of calculations
For convenience and simplicity it is often possible to
rationalize reinforcement:

(i) For pad footings, simple strip footings, pilecaps —
by tabulating the reinforcement for the foundation
pad, lacer bars, column starters bars and starter
bar links, and cross referencing to preliminary
general arrangements for orientation of columns.

Pad footings

type | reinforcement /, | reinforcement /. | starters links
A 10T16 10T16 4T25 | T12-200
B 10T20 20T16 4125 | T12-200
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ty1+ o] 1y

T ¥
Li, L

A B

Strip footings

type | Fabric Reinforcement
BS reference ‘a' _9_
A none = 1 E
B cs3B 0 === =
A 8 c
C C283T&B
Pilecaps
lacer
type |reinforcement /,|reinforcement /,| bars | starters | links
A 10T20 10T20 4T16 | 41732 | T12-200
B 10T16 10T16 4T16 | 4T25 |T12-200
C 10T20 15T16 4T16 | 6T25 |T12-200
D 12T16 12T16 4T16 | 4T25 |T12-200
E 15T16 20T16 4T161 ST25 1T12-200
PO G ol O]
ty— .\@, ly ‘ @ ly @
| L0 Sosea| erere..

Ly

(ii) For solid rafts, grillage rafts, combined or con-
tinuous footings, tie beams and strap or anchor
beams, the reinforcement can be presented or
summarized for the detailer by the methods out-
lined for slabs (see clauses 5.2.10c and 10d) or
beams (see clauses 5.4.10c and 10d).

5.5.11 Design code requirements

5.5.11.1 General

(a) BS 8004

BS 8004: 1984: Code of practice for foundations deals
with the overall design of all types of foundations for all
types of buildings and various types of soils. It does not
deal with the detailing of individual elements of RC
foundations.

BS 8110

BS 8110: 1985: The structural use of concrete contains
guidelines for detailing individual elements of RC
foundations.

Cover

Covers recommended by BS 8110 are set out in
subsection 3.9. Where concrete is cast directly against
earth faces, the nominal cover should be a minimum of

(b)

fc)
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75mm. Where concrete is cast against blinding con-

Example EG3

crete, the nominal cover should be a minimum of (a) Reinforcement spanning Ly
40mm (excluding blinding). in /, direction: Cx
(d) Minimum area of reinforcement (3.12.5.3t) as example EG2a above {5.1
Refer to subsections 5.2 and 5.4. (b) Reinforcement spanning T
(e) Maximum area of reinforcement (3.12.6%) in 7, direction: |
Refer to subsection 5.4. (i) bottom reinforcement [
(f) Spacing of reinforcement (3.12.117) under columns: | ~
Refer to subsections 5.2 and 5.4. . i
(g) Anchorage and lapping of bars (3.12.8%) as example EG2b - i
Refer to Appendix 3B. . above . |
(i1) Top reinforcement (if | c
. I an between col- '
5.5.11.2 Pad footings um)l;)s: -—— S
(a) In certain conditions, i.e. .
when loads are small or sli(l)ulrdeiire]:fv(\)/irtﬁ‘ienn}em T2
when the allowable ] If [o>1.5 (cy + 3d) t’;f}‘o_
ground pressures are high. thirds of this reinforce- Lx2

reinforcement may not be
required. In this event the
depth should be such that

ment should lie within cen-
tral (c,o + 3d).

a line at 45° from the edge
of the supported column
or base intersects the ver-
tical face of the base.
In reinforced bases the arrangement of the reinforce-
ment must be specified by the designer.

The total area of rein-

45° 5.5.11.3 Pilecaps

» The distribution of reinforcement for pilecaps should be as
for pad footings, except that the arrangement of the
reinforcement should be specified by the designer where
the pile centres are greater than 3 times the pile diameter.

N

~7

(b)

forcement should generally —x

be evenly spread across the .

cection c)(/)nspidered. Howev. e | 5| 5.5.20 Layout of foundations

er, if the breadth of the @ 35.5.21 Foundation plan

section is greater than 1.5 o % Refer to subsection 5.1 for more information on the
(¢+3d) where ¢ is the Y D -~ preparation of general arrangements drawings.

breadth of the column mea- | © A The position of each foundation will be given relative to
sured parallel to the section f——% ———— the grid lines. The width. length and depth will be given and
breadth and 4 is the effec- the level of the bottom of the foundation will be given
tive depth of the base, at — relative to a given datum.

least two-thirds of the area This information is often given in tabular form. Each
of reinforcement should be foundation is given a distinguishing letter that will serve as a
concentrated in a band cross-reference for the foundation details. detailed else-
width of (¢ + 3d) centred on [ <[] where.

the column (see also exam- p— i The minimum allowable safe ground bearing pressure

ples below).
(c) Distribution of reinforcement in pad footings
Example EG1
(a) prlv>l.5 (cy + 3d):

two-thirds of reinforcement

should be shown in note form on the drawing. The bearing
thickness and type of blinding should be noted.

It is usual to have a separate general arrangement or
piling plan, when piling is employed. This takes the form of
a plan showing the position of piles relative to grid lines and
will contain a schedule and notes including the following

spanning in /, direction to be b o . e
banded within a width of (c, > | D—'f—ﬁ T relevant items depending upon the project:
+ 3d), where d is the effective ' | © pile reference number
depth of the base. | d diameter
(b) if [,>1.5 (¢, + 3d): y safe working load of pile
two-thirds of reinforcement Cx+3d ;gpg::g hmoorrigg?lial force
spanning in /, direction to be cugoff level
banded within a width of minimum toe level
(ex + 3d). Cy1+3d main reinforcement
E le EG2 =X hoop reinforcement
(xar}r{zp g £ t Cx1 angle of rake
@) Reinforcement span- i pile positional tolerances.
ning in /, direction: [_ - »
/ d I, should b 3 It is normally stated in the piling specification what the
cy(;n;?iere'cvlzsgpg;latelye ~ | | + _ horizontal dimensional permissible deviation should be.
(b) Reinforcement span- > | — but it should also be repeated on the piling plan.
ning in /, direction: L O=——s]
Band width to be consi- ~———H g
dered aslesser of (¢, + ||| _J v |
3d) and (c,; + 3d). o™ | b——‘{——NT
0 _l______ I (3‘
A sz
Cx2+
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5.5.30 Detailing
5.5.31 Pad footings
5.5.31.1 Introduction

These can be detailed in two ways:

(i) traditional method
(ii) tabular method

5.5.31.2 Tradition method

This method in normally used when the project is small or
when there is little repetition. Individual pad footings are
detailed usually in the form of a plan and a section. Grid
lines are shown on each detail. The detail will give
reinforcement information in the base, in the stub column if
there is one, starter bars where the foundation is supporting
an RC column or holding-down bolts in the case of steel
columns.

Where kickers are specified care should be taken that the
length of the starter bar is an appropriate lap length (for the
stress in the bar) from the top of the kicker and that the
starter bars do not clash with the column bars. It may be
more economical in some cases to use the bottom length of
the column reinforcement as starters. Minimum cover
should be indicated. End anchorages should be avoided
where possible, but their use or otherwise should be
confirmed by the designer.

S
412573 g 2
8 5 w 2
9 3 9 @
2 i g
T P A — T _L‘D <105-000
r 'LZ
I )
o —378-4
o 4 oH—10T16-1-150
Y
T \ , 60 Cover
L-8720-2-150 .[_ ]E
C H—
3 3

5.5.31.3 Tabular method

Where there are large numbers of bases and/or extensive
repetition the details can be drawn schematically and the
information for the individual bases given in tabular form.
This can save time and drawings, but care must be taken
that clarity is not sacrificed by producing tables that are too
complicated. It is usual to draw a plan, section and enlarged
stub column or column starter details, all not to scale,

cross-referenced to a table.
c
i
gtevel

bl ]

5.5.32 Piled foundations

These can also be detailed by traditional or tabular
methods.

5.5.32.1 Traditional method
The notes on pad footings apply 7 I .
to pilecaps with the following ; 3 l
additions:

I
L)OHS-'I-VSO

The pile cut-off is usually car-
ried out with pneumatic tools,
leaving a very rough surface to
the piles. Bottom steel should =2
therefore be detailed, such that
the bottom of the bars is a mini-

4725-2

porem—ey
n
t
|

05000

10716-1-150

cut-off level. The cut-off level zma_rf 3
should be 75mm above the bot-
tom of the base.

mum 75mm above the theoretical L Lo

60 Cover
Al

*

If moment has to be transmit- 3 l: 3
ted from column to pile via the

pilecap, then sufficient reinforcement from the pile should
be left projecting into the pilecap to transfer that moment.
Care should be taken that the reinforcement does not clash
with reinforcement in the base or with starter bars in the
column. It should be remembered that piles are not always
accurately placed and the pilecap details should allow for
such inaccuracies.

It is usual for pilecaps to have horizontal loop steel
around the perimeter of the pilecap. These should be at
200-300mm centres and a minimum of 12mm in size.

The designer should be consulted to check if large-radius
bends are required on the bent-up bars.

e »H—B - ——-
X 1-1
c lc
L—A c C ¢
CIar°
2-2
c ¢ ¢
column no. level base reinforcement section links starters
reference off A B D C
Al. A2, A3 3 105.000 10T20-1-150 | 10T20-1-150 1-1 3T8-2 4T25-3
B3, B4 2 108.000 8T20-4-150 | 10T16-5-150 1-1 3T8-2 4T25-3
Cl1, C2 2 104.500 8T20-6-150 | 12T16-7-150 2-2 6T8-8 6T25-9
D1, D2 2 104.500 1 10T20-10-150 | 12T16-11-150 2-2 GTR-8 6T25-9
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5.5.32.2 Tabular method
This can be successfully employed when large numbers of

pilecaps and/or repetitious details are required. The table (ST i / 0 ¢ =Gl
shoqld contain. all the relevant information as foq pad @_J =10 e =3 ~ @ % ]_} +~_
footings plus pile-cut off levels and hoop-steel details. w BTt Al s s 2 sy R
L L ‘g ] L_g'
(@-n
TYPE A TYPE B TYPE C
o3 "
T H o o Jott5° o Doty
Cutnﬂﬂl_ll..v[L!—jTTngl E X ¢
. level T T Ciso CRLED) T 00
‘X’ relates to lettered grids i T
'Y’ relates to lettered grids SECT 1-1 SECT 2-2 SECT 3-3 SECT 4-4
column base | no. base cut-off base reinforcement section links starters
reference type | off level level A B C D E
Al, A5 A 2 105.000 105.150 10T20-1-150 | 10T20-1-750 | 3T12-2-200 2-2 3T8-3 4T25-4
A2, A3, A4 B 3 105.000 105.150 8T20-5-150 8T20-6-150 3T12-7-200 33 6T8-8 6T25-4
B4, BS A 2 105.000 105.150 12T20-9-175 | 12T20-9-175 | 3T12-10-200 2-2 3T8-11 4T25-4
B2, B3, B4 C 3 105.000 105.150 12T20-9-150 | 8T20-12-150 | 3T12-13-200 4-4 9T8-14 8T25-4
Cl, C5 A 2 104.500 105.150 | 10T20-1-150 | 10T20-1-150 | 3T12-2-200 3-3 6T8-8 6T25-4
C2,C3, C4 B 3 104.500 105.150 | 10T25-15-200 | 10T25-16-150 | 3T12-17-200 33 6T8-18 6T25-4
5.5.33 Tie beams for pilecaps
. . ' L Steps in strip footings necessary
A A . ?
When piles are used singly or L+ (— when the ground is sloping, should
IN pairs it Is necessary to tie ' be in brick dimensional increments. %

the pilecaps together using tie
beams. Piles cannot be driven
accurately, and it is usual to |
specify a horizontal permissi- r
ble deviation in position,

usually 75mm, both in the A

A
l‘ﬂ
>
~)

specification and on the
drawings. The moment
caused thereby should be '
added to any other imposed
moments and should be a
minimum design case even if d |

neither moment nor horizon- =
tal forces exist at the bottom )

SECT A-A

of columns. .

The detailing of these beams will not differ significantly
from other beams except that the amount of cover should
be carefully checked for the particular ground conditions.
It is, however, usual to have equal top and bottom
reinforcement, since inaccuracies can occur on any axis.

Tie beams are not normaily required where piles are
placed on groups of three or more.

o~
~

Eccentricity

5.5.34 Strip footings

These are foundations that are con-
tinuous and where the loads are
applied continuously, as in the case
of brick or blockwork or reinforced- 1
concrete walls. The amount of rein-
forcement required in simple strip l |
footings varies with the type of
ground on which they are placed. In
domestic building, footings are often
unreinforced, providing the depth is

T

< ¥ 5

adjusted such that a line at 45° from
the edge of the brickwork intersects
the vertical face of the footing.

Lap=greater
of 2Tor2D

92

The foundation should be lapped for
at least twice the thickness of the
foundation or twice the depth of the
step, whichever is the greater. [

In bad ground, top and bottom
reinforcement may be necessary, in
which case it is better to use cages of |
bar reinforcement since it is difficult v
to maintain fabric in position in the
top of the slab during concreting.
Longitudinal bar reinforcement should be a minimum of
12mm with 8mm links in order that cages are sufficiently
rigid. Reinforcement should be adequately lapped in
stepped foundations in sloping ground.

Care should be taken that the cover is adequate for the
type of ground in which the concrete is to be placed. Cover
should be generous since the sides and bottom of the
excavations will be rough.

For larger strip footings, where loading is heavier or for
foundations for RC walls, the strip footings should be
detailed as beams and the rules in subsection 5.4 should be
applied.

5.5.35 Ground beams

When the upper layer of
ground has such a low bear-
ing pressure that it is incap-
able of sustaining the loads
imposed on a ground floor
slab, the floor slab is sus-
pended and supported on
beams, cast in the ground. I
The beams are in turn supported at column positions on
pad or piled foundations.

Care must be taken that adequate cover is allowed for.
depending on the ground conditions, acidity, etc.
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5.5.36 Continuous footings
These are footings that PL[ ]‘LT
sustain two or more col- —L

umns, often in ground of
low bearing capacity and —

where the centres of the u - '
columns are so close that independent pad footings would
be so large and so close together that they become
uneconomic. !

Care must be taken that adequate
cover is allowed for, depending on
ground conditions, acidity, etc.

In some cases depending on ground
conditions, they may be more economi-
cally designed, and therefore detailed,
as inverted T-beams.

5.5.37 Anchor, strap or m m
cantilever footings l !

These foundations are similar
to combined footings, but the
term is applied when one or . !
more of the loads is positioned -4HJ—- Jd}
on the edge of the foundation,

usually because of the proxim-
1ty of other buildings, founda- -

tions, etc. An internal column is used as a counterweight,

and consequently, main reinforcement is required in the
top of the beam.

Again, the normal rules for detailing beams (see
subsection 5.4) will apply, and attention should be paid to
cover.

The detail at the junction of ™
the column on the edge of the _
foundation needs particular [y Borser hawaie
attention. Since the top steel
in the foundation is often
highly stressed at this point, T
large-radius bends (see _—
section 3) may be needed, and
care should be taken that the
column reinforcement does not clash with beam
reinforcement. It is advisable to provide horizontal U-bars
around the starter bar cage.

U-Starters

COLUMN/BASE JUNCTION

5.5.38 Rafts

There are several different ? L @)J
types of raft foundations: PN I e #i‘ -
piled Ld b didy
stiff g 54—
flexible :f ) =
light rafts N

PILED RAFT

cellular

The design varies with each type, but
the common purpose of all rafts is to
spread a whole system of loads over a ;
large area generally to give a low linear-  SECTION-STIFR RART
ly-imposed load on to the ground be-
low. The exception to thisis the flexible

raft, which results in a variable, yet
tolerable, imposed ground pressure.
SECTION-FLEXIBLE RAFT

I T

' I '
SECTION - CELLULAR RAFTS SECTION - LIGHT RAF T
a) With bottom slab b) Without bottom slab
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5.5.40 Examples of general arrangement drawing for foundations
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5.6 WALLS

5.6.10 Design information

These data are output from the approved calculations for
each wall type, which should indicate:

(a)
(b)

concrete grade, to determine laps, durability, etc.
design type assumed, i.e. plain or reinforced vertical
loadbearing wall, propped or full cantilever retaining
wall, etc.

cover to outer bars each face

orientation of outer bars, i.e. whether horizontal or
vertical

type of reinforcement, and any size restrictions

area of main/secondary reinforcement required A, or
A (mm?/m)

or, preferred type/size and pitch (actual)

wall faces with minimum reinforcement requirements
(see tables)

any special requirements, i.e. data for links, tie bars,
trimming for holes, etc.

(c)
(d)

(e)
(f)
(g)
(h)

Provide sketches where appropriate, e.g.

____-_ja N ZLQOU mm2/m

I+—T16 @ 150

T20@125—¢ k— 2500mm2/m

T20 o 150
¥ || Detail with base

I ~ |-
=L .

L2000 mm2/m

2000mm2/m

Propped-cantilever retaining wall

F«A
4120 @150

-

%1 T25 @150
4

-

)
1000,
3000

J3000mm2/m

Cantilever retaining wall

Provide minimum reinforcement, unless shown.
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5.6.11 Design code requirements
5.6.11.1 A vertical loadbearing <

member is defined as a wall when its ::

length exceeds four times its thick-
ness {>4h

(1.2.4.1.%)

5.6.11.2 Walls may be either plain or reinforced:
(1.2.4.7%)

(a) Plain walls

Plain walls contain either zero reinforcement or less
than the minimum requirements for reinforced walls.
Any reinforcement that is provided however is ignored
in design when considering the strength of the wall. To
counteract possible flexural, thermal and hydration
shrinkage cracks, particularly in external walls and at
the junction of internal members, minimum reinforce-
ment is required. This should be provided as a mat of
small bars at relatively close spacings, with reinforce-
ment areas expressed as a percentage of the gross
concrete cross-sectional area. The horizontal bars
should be placed in the outer layer.

grade grade
250 460
1face,or 0.3% 0.25%
4 each
face

Minimum reinforcement
in both horizontal and
vertical directions

{b) Reinforced walls
Reinforced walls are considered to contain at least the
minimum area of reinforcement expressed as a percen-
tage of the gross concrete cross-sectional area
(i% Vertical reinforcement
Minimum A, not less than 0.4% (0.2% each face)
(3.12.5.3%) Table 3.27%
Maximum A not to exceed 4% (3.12.6.3%)
Maximum bar spacing, when A,. exceeds 2%,
should not exceed 16 x vertical bar size
(3.12.7.57)

0.15% 0.125%

(ii) Horizontal reinforcement
This reinforcement should be evenly spaced in the
outer layers to minimize crack widths and contain
the vertical compression bars.
Where vertical bars are in tension, particularly in
retaining walls, these are sometimes placed in the
outer layer to facilitate fixing and to maximize the

lever arm.
grade grade
250 460
P (%)
Minimum horizontal llﬁ)ficaeghor 0.3% 0.25%
reinforcement face  0.15% 0.125%

The minimum size of bar should not be less
than one quarter the size of the vertical bar and
preferably not less than 8mm diameter,

(3.12.7.4%)
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Link pitch 2h

¢ .
max N6gvert)| [ 7 or 6mm min

Additional hori-
zontal restraining = v
links should be pro- [ , | t . =
vided through the |——4 }
thickness of the JEC l
wall when the area |Vert bars 8 (2—~4°%)
of vertical com- i
pression reinforcement exceeds 2%. Link spacing
should not exceed twice the wall thickness in any

direction. Any unrestrained vertical bars should
be within 200mm of a linked bar. (3.12.7.5%)

5.6.11.3 Plain and reinforced walls in tension
(3.9.3.6%)

Bars should be arranged in two layers and the max-
imum spacing of tension bars should generally not

exceed 150mm where Fy, =460 N/mm? or 300mm where
F, =250 N/mm? (3.12.11%)

96
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Table 23 Optimum bar spacing for varying % reinforcement and different wall thicknesses

minimum

bar nominal size

mm
reinforcement 8 10 | 12 16
wall thickness, mm
% 100 | 150|200 | 250 | 300 | 100 | 150 | 200 | 250 | 300 | 100 | 150 | 200 | 250 | 300 | 150 | 200 | 250 | 300 | 350
0.125 — (2501200150125 — | — [300{250(200| — | — | — | — {300 — | — | — | — | —
0.15 3001200)| 150 125 100f — | 3002501200150 — | — | — {300]250| — | — | — | — | 300
0.2 2501150 1251100 — | — | 250 (175|150 {1251 — | — [ 2751225175 — | — | — | 3001 250
0.25 20011251100 — | — { 300|200 150125100 — [300]225] 175|150 | — | — {300 250 | 200
0.3 150100 — | — | — [ 250|150 | 125100 | — [ 300|250 175|150 125 — | — [ 250|200 175
0.4 125| — | — | — | — [ 175)125] 100 — | — [275|175] 125|100 — | — | 250( 200 150 125
0.45 100 — | — | — | —[150[100] — | — | — [250[ 150 125|100 — |275]2001{ 1751501 125
0.8 — | — | = — | — {100 — | — | — | — | 125|100 — | — | — | 150|125} 100 — | —
Bar nominal size
maximum mm
reinforcement 20 25 | 32 40
Wall thickness, mm
% 100 | 150 [ 200 | 250 | 300 | 100 | 150 | 200 | 250 | 300 | 100 | 150 | 200 | 250 { 300 { 100 | 150 | 200 | 250 | 300
2.0 1501100 — | — | — [240[ 160|120 90| 80 {400 (260|200 160 130]| 610|420 310|250 210
4.0 — =t = — 11— 1120] 80| — | — | —[200]130]100{ 80| — | 310|210 150 120 | 100

Note: These tables can be used for plain and reinforced walls, etc. (see clause 5.6.11)
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5.6.20 Detailing

5.6.21 Method of detailing walls

Most walls are detailed on elevation supplemented by
sections drawn to clarify the fixing, especially at member
junctions, openings, etc. The concrete profile dimensions
are abstracted from the relevant general-arrangement
drawings, which together with the design calculations,

should be at their final stage.

5.6.21.1 Wall layout

When elevating walls for
detailing, the direction of
view should be consistent,
i.e. normally viewing from
the bottom/right edges of
the drawing. Walls cast
against an inaccessible face
should be viewed from the

Roof
level

(b) Top storeys
A variety of details

are possible depend-
ing on design and
construction re-
quirements. Allow
sufficient top cover
for clearance of
intersecting

) J

[r'_ -

Vert
bars

j
J

—)
=
1

‘open’ side. A key plan is

followed, e.g. walls ‘A" & *D’.

5.6.22 Bar detailing on walls

WALL A > reinforcement.
w (c) Offset walls above
D WALL B glq “ N{)frmally offsets of up to Starter
—_ 3 - : ~75 Max
o A~ 3 4 75mm can be achieved by ]
5 S joggling the relevant ver- L siope1:10 11
s WALL C tical bars. Otherwise, the min length
- lower bar is terminated be- V.?!?gm s
Key plan low the‘ floor and a sepa- vl bars -
qocnous direction of view f/éil(tjfégpllce-bar starter pro-
(d) External walllslab junction SFL
useful particularly when the plan is complex. e.g. lift shafts., In the case where a significant
more especially if the above convention is unable to be bending movement is transmit- §
ted into the wall from the slab, it s Check for
may be necessary to use a L- ¢ non - standard
shaped bar to provide full < radius
anchorage. If the L-bar is to be ]
cast with the wall it should be .

5.6.22.1 On elevation
(a) Notation for layers of reinforcement

Reinforcement is fixed in two layers at right-angles to
form a mat, normally one mat at each wall face

(i) Abbreviation for near face,

outer layer N1 |

(ii) Abbreviation for near face,
second layer N2

(iii) Abbreviation for far face,
outer layer F1

(iv) Abbreviation for far face,
second layer F2

scheduled with the wall reinforcement, but this is a
non-preferred detail (see subsection 5.2).
Half-landings

A 20mm deep rebate is

(e)

- o
LLI
tof

preformed in the sup-
porting wall to provide
bearing for the slab
q poured later. The junc-
tion is provided with up
to 12mm, preferably

o~
z

— N1

(b) Typical bar and indicator line

The convention for illustrating and ‘calling up’ bars on
walls follows closely that of slab (see subsection 5.2)

e.g.:

(i) A zone of similar bars in one

face

20T10-63-150N1

(ii) A zone of similar bars in two

faces

(iii) A zone of dissimilar bars in

two faces

Note that identical bars appearing on different faces are

itemized separately.

To avoid congestion in thin walls less than 150mm thick,
a single mat of reinforcement may be provided, if design
requirements permit.

40T10-63-150 ,

——F 2

mild steel, U-bars
which are temporarily
folded back behind the
formwork and later re-
bent into their correct
position for the slab.
Corner details
(i) Closing corners
For corners that are
closing, two simple
alternatives are
shown. Bars should

()

(20N1-20F2) '

20T10-63-150N1 ,

o Ju

[
o be provided with
adequate anchor-
age and appropri-
ate laps to suit.

l
I

20T10-64-150F2 © |

For corners that ar
opening, the method
of detailing is far more
important, especially
if the bending moment
is significant. Tests
have shown that the
maximum opening
bending moment that

l | (ii)) Opening corners

5.6.22.2 On section

(a) Intermediate storeys

Level

IStructE Detailing Manual

Walls are normally cast in
storey-height lifts, with stan- 7
dard 75mm high kickers at
each floor level. Kickers help

to align the formwork above.
The vertical reinforcement
should not be less than 12mm
and is lapped above the kick-

er to provide structural con- #
tinuity.

~ L

Vertical
bars

Level |1 [
2 LJ-- - lqp
11
I
Previous page
is blank

L—75 Kicker

can be transmitted by
the details shown
above for closing cor-

ners can be less than 25% of the flexural strength of
the corresponding wall section. A looped bar is
more efficient structurally, although difficult to
bend and fix. The recommended detail shown is
more practical and has a high structural efficiency.

In all cases, the structural efficiency will be improved
considerably if it is practicable to provide a splay corner
reinforced with diagonal bars.
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5.6.23 Other requirements
5.6.23.1 Special notes

In addition to the standard notes for reinforcment draw-
ings (see subsection 2.8). the following notes should appear
on all wall drawings.

(a) cover to outer reinforcement N1....Fl....End....
(b) bar-layer notation: Near face outer bar N1
Near face second bar N2
Far face outer bar Fl
Far face second bar F2

5.6.23.2 Wall reinforcement
spacers

Where links are not required to L | ¢
restrain vertical compression bars, es
reinforcement spacers can be used to

stabilize the two faces during con- .04
struction. Adopt say R10 @ 1000,

shape code 38. Cover to the outer NF2Z .+ °
bars is normally achieved by using FF2

plastic spacers Y
5.6.23.3 Trimming of U Bars

holes in walls

To prevent cracks springing
from corners, provide
nominal bars placed diago-
nally as shown. Additional
trim requirements should
be indicated in the calcula-
tions.

\Diogonals

5.6.23.4 Miscellaneous items
When detailing reinforcement, ensure that adequate clear-
ance is allowed for items such as fixings, pipes, water bars,
weep holes, etc.

5.6.23.5 Fabric reinforcement in walls

Conventional wall layouts lend themselves to the advan-
tages of fabrication as described in clause 5.2.26. Purpose-
made wall sheets can be ordered to deal effectively with
lapping and intersection details. For guidance, consult the
manufacturers of fabric.
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5.6.30 Examples of detailing
5.6.31 Typical internal wall panel

?

A
Level 3
I | L—See c‘irrg I | SFL
| | %NS
| I ~
M — — L
I ' J I
A | ale S | A
| | NS e S |
o n'n#cls 3 -t
o ) [ o——
| & Zl2 ! "“ v { !
| Sl BEE 218 |
ol|lZg [
| 515 —~ =P
- 11712 |-1-300N2
T12-1—i | |« > |
2nz-i 'lTII' 1712 |-1300F 2 | Level 2
SFL
| L e | v | 10315
_[t“. | =
— | ! v
| I-—Seedrg.... |
I A |
\—
! WALL 'B' !
Seedrg....
I I‘“ !
|| | 3 f—
| L3 :l 2
0 ': -~ * = >
2 e ~ p _iJ ~
T3 3 3_f 5
A-A Cover: N1 =20
Fi1= 20
End = 20
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5.7 STAIRS

5.7.10 Design information

Requirements for stairs are similar to those indicated for
slabs (see subsection 5.2).

Flight L
9 Equal treads “
FFL
.Sz
18r- ——-—
175 pod
Architectural ']5_,'/(
£ finishes shown il Soffite
= *
Landing A 2
FFL £|8
—_— .2 . 2(<
—_— £ ‘g‘
T—.-—Trcad or going g‘ &
LG . - O
= 5T Riser s
o Lk
= NN @%Z_{\/—Pitch line
Pitch ke N |
o &
TYPICAL STAIR NOTATION b
Structural
tread or going _Riser Going ‘_I:losing
Finishes == _
Jd].
=
’ Struct.
J . waist
Finishes

SLOPING RISERS
WITH FILLETS

" VERTICAL RISERS

— Struct. risers vary to suit
thickness of finish

=

Finished risers equal —
l.._._i, —
H / n

inishes to treads of
each flight line through

line through
Previous page
is blank
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r*—Finishes to soifite junction

Notes on setting-out

The stair structural-layout or general-arrangement drawing
should indicate all the dimensions required to set out the
concrete profile.

The architect will normally locate the stair between
floors using the top of the finishes as his vertical datum. The
height of risers will be equal but the thickness of finish may
vary, particularly at floors and landings. It follows that
structural risers may vary in height. Treads may require
sloping risers to provide a nosing, and fillets may be needed
to maintain a constant waist thickness.

It is often arranged that the finishes to nosings of
adjacent flights will line through across the stair. Some-
times the junctions of all soffits are made to line through.

5.7.11 Design code requirements

Bar curtailment rules for stairs follow the simplified or
general rules recommended for slabs (see clause 5.2.11).

End span | | b

D~3lx*min |

*
0-51 min
: Optional laps to
F[ suit construction
i ) 3
— = W
n f
Lﬂ—.l LEI Layer
Wall
Iz Span | .
1
0-31x *
)
03y * b 1:'
o |
! 81 'Luyer
o
t Floor or lkanding

Optional laps to

) L construction
\
= X
F Y *
% = 458 min

T = Tension

support

Ix = Greater of adjacent spans L or |y

ys v e e o

TYPICAL STAIR FLIGHTS SHOWING REINFORCEMENT R
(Bar curtailments based on BS8110 simplified rules (3.12.10.3) fig 3.25

103



5.7.20 Detailing

5.7.21 Methods of detailing stairs

In all cases concrete profiles are extracted from the relevant
general-arrangement drawings. Each different flight is

drawn in section to a suitable scale, and the appropriate
reinforcement is carefully related to the profile.

5.7.21.1 Simple flights

These can be detailed on section alone, probably with the
aid of a key plan to identify various flights and sections
taken. Separate sections may be necessary across landings.

5.7.21.2 Stair complexes

Reinforcement is shown on the plan of flights and landings
where they differ for each storey height. Sections taken
should clarify the positioning of the bars.

5.7.21.3 Surrounding structures

Starter bars for landings etc. may be required to project
from supporting members for the stair construction to
proceed at a later date. These bars may be folded back from
behind the formwork (see clause 5.6.22.2) and should be
detailed with the support.

5.7.22 Bar detailing on stairs

This follows the conventions used for detailing slabs (see
clause 5.2.22).
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5.7.30 Examples of detailing

7M2-4-150 B1 _
7T12-3-150 B

—4T10-7-300T1

—7712-1-150 Bl

- - \
4T10-2-30012 — 41—+ ¥ L, L 12 !
l 4 A" <HP _J
wle
njo
10T10-2-300B2 J.l - I_ - SEL
Y
4T10-6-300B2 5 - 3475
4T10-6-300T2 = +—
2 2) T oY T .1
i >t fet-— o} 5710-2-300T2
15T10-5-150 &= | l
U-Bars g 4
4 1
e - 10T10-2-30082
1 1 | 1R EYNE

7712-8-150B1—

1.T1o-s-3oo_‘.—.|
| ot 5 >Fk
| | i

| 7T712-9-150T
7T10-10-300T2

L 7712-11-150-81

TYPICAL STAIRS
Shows flights "A’,"B" and landing detailed on plan

: 4T10-7-300
725/— 2,

15710-5-150—

See drgno... I‘IL 5
-b‘
4T10-6-300 | {: My )
|| J 3
7T12-4-150
7712-3-150
7712-1-150

TYPICAL STAIR FLIGHT
Shows flight "A" and part-landing detailed on section
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See drg no...
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6.1 Concrete inserts
6.1.1 Types

Concrete inserts may be of the following types:

cast-in

bonded with resins

bonded with cementitious grout
expanding

shot-fired.

Fixings are usually characterized by their shape. or the
way in which anchorage to the concrete is achieved and
sometimes by the purpose for which they are used. A wide
variety of studs. cyes. rods. hangers. loops. bolts. channels,
sockets, blocks and nails may be instalied, but in all cases
the manufacturer’s advice and installation instructions
must be strictly adhered to.

6.1.2 Problems and solutions

Problems are usually brought about by a lack of technical
knowledge of the fixing, a failure in communications
between supplier and installer or a misunderstanding of the
principles of the fixing. Problems may also be induced by
the location of the reinforcement, the formwork system
employed or the compactive effort used in placing the
concrete.

Always consult the supplier of a fixing before it is
detailed and ensure that the installation is specified on the
detail drawings and contract documents. Particular atten-
tion should be paid to the following:

edge distances and spacings of fixings. particularly when
used in groups

concrete strength and aggregate size

hole diameter and depth

proximity of reinforcement and any special reinforce-
ment to hold the fixing in place

fixings to be used with lightweight aggregate concrete

specification of components to be set in concrete using
jigs to prevent displacement

setting-out of fixings on drawings using reference lines
and running dimensions

cover requirements for fixing and reinforcement

recommendations regarding compatibility of materials.

6.1.3 Durability

This covers three aspects:

corrosion (normally applies only to ferrous fixings,
although the normal rules of galvanic action must still
be observed)

fire resistance (if the fixing is not protected with the
requisite amount of fireproof material a fire test
should be carried out)

long-term performance.

In all these. guidance must be sought from the manufac-

turer before the installation is specified.

6.2 Corbels, half-joints and nibs

The detailing of these elements must relate to the design
assumptions, and the designer should in all circumstances
ensure that the detailed design is clearly specified.

Previous page
is blank
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Specific details

6.2.1 Concrete corbels

In details (a) and (c) (see Fig. 27) the edge of the bearing
and the inside of the welded transverse bar or the inside of
the main reinforcement in the form of horizontal loops
should not be less than the bar diameter. For detail (b) the
bend should not commence before a bar size beyond the
edge of the bearing plate. In all cases these distances
should be increased to the cover to the bar where this is
greater than the bar diameter. It can be seen that the total
projection of the corbel will be much greater in detail (b)
than in the other two details because a larger radius bend
than the standard radius may be required to limit the
bearing stress of the concrete inside the bend. Because of
this, details (a) and (c) may be preferable; it is suggested
that detail (a) be used when using bars of size 20mm or
greater (see also Fig. 28) and detail (c) for bars of 16mm
and smaller (see also Fig. 29).

-\ﬁr——
1! 1
11 Ast L—y Main steel welded to a

tronsverse bar of equal size

Horizontal shear steel (Asv)
as stirrups over upper
two - thirds of d

Outside edge of bearing to be
kept clear ot bend in main
reinforcement {minimum
clearance =1 bar size)

i

W_r'_ _'TTT ]

SEEE
I /!

i 'I M f t in the form
@ Oln reln orcemen in 2 1O

T f; of horizontal loops
F===k ,/”
1
| ///\
l Bars provided to anchor

horizontal stirrups

I S

(<)

Detailing rules
1. hy« 0-5h
2.04<100 Agt /bd<13
3.0-6<100(Agt + Agy)Dd <20
4. Other details as per diagrams

Fig. 27
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Two column links should be This detail is suitable when using 20mm bars
placed close to corbel top or greater for the main tensile reinforcement

Distance between edge of bearing
] > X and inside of bar to be a minimum
Large radius of of the bar size or cover

bend required I whichever is greater
AN -

A : T‘ A
J_\T ]

\ Main tensile bars welded
to across bar of equal
diameter and to the
vertical compression bars

m
M

” Horizontal links. Total area
should not be less than 0-5 of
area of the main tensite

reinforcement

AN

Tension lap ——mM8M8M8M8—J é

Compression anchorage

S

@ AT L)

(
O QLT 713

Sectional plan on A—A

F{g 28
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Two column links should be

placed close to corbel top

This detail is suitable when using 16mm size bars
or smaller for main tensile reinforcement

Distance between edge of bearing
and inside of bar to be a minimum

Main tensile reinforcement.
—— Large radius of bend
is required

Secondary horizontal
reinforcement. Total area of this
should not be less than 0-5
times area of main tensile

Outer compression bars angled

4
) A—-T]
7 - 7 of the bar size or cover
whichever is greater
A = ” ‘ A
I Z—l i I
——————
| __| PN—
Tension lap ﬁf - — \__\\E
-~ A}
6 1L
N [
3
7
7
reinforcement
r 4
N
) 3 AT
1
2
7 . -t 7
oJ S o
to pass inside links
Compression anchorage —1 —7
T [
7 N7a ~ 5 IR )
_,'_————-m L3
6 4 : 5~ 6
3,4,5 = » |
| [
|
- ]
7 o - . *ﬁ\
1
- L7 L2
Sectional plan on A-A
Fig. 29
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Horizontal forces

When corbels are designed to resist horizontal forces then
additional reinforcement should be provided to transmit
this force in its entirety. This reinforcement should be
welded to the bearing plate.

6.2.2 Concrete nibs

Nibs are not usually greater than about 300mm deep. For
detailing requirements, the tension reinforcement that will
be near the top surface of the nib can be in the form of
U-bars in the vertical or horizontal plane or straight bars
welded to a transverse bar.

+l

Effective depth

Fig. 30 Vertical loops

(a) Vertical loops (see Fig. 30)

(i) size of links or U-bars to be not greater than

12mm

(ii) depth of nib not less than 8¢ plus two covers for
high-yield bars or 6¢ plus two covers for mild-steel
bars

(iit) dimension a to be a tension anchorage length if
U-bars are used and the width of beam 1s sufficient
to allow this. If the width is not sufficient then a
closed link can be used with an additional longitu-
dinal bar introduced as indicated

(iv) if the nib is supporting a reinforced concrete
member then there should be a minimum horizon-
tal overlap of reinforcement in the nib and rein-
forcement in the supported member of 60mm

(v) horizontal spacing of the links or U-bars to be not
greater than 3 times the effective depth.

-

7|

Effective depth

B

Fig. 31 Horizontal loops

110

(b) Horizontal loops (see Fig. 31)

(i) size of bar to be not greater than 16mm

(ii) depth of the nib to be sufficient to provide
adequate top cover to reinforcement in nib

(iii) nib reinforcement to be placed on and wired to the
main reinforcement in the beam. If main rein-
forcement is too low, then additional bars should
be provided (see below)

(iv) dimension a should be a tension anchorage length
and wired to at least two main longitudinal bars

(v) lacer bar in the nib to be the same diameter as the
horizontal U-bar

(vi) Horizontal spacing of the legs of the U-bar or
between the legs of the U-bars to be not greater
than 3 times the effective depth.

(c) Welded bars (see Fig. 32)

Requirements will be the same as for horizontal loops.

. —

" M

®<+——Full strength
weld

Fig. 32 Welded bars

6.2.3 Halved-joints

The preferred arrangement shown (see Fig. 34) does not
include inclined links or bars as these are often difficult to
fix properly. However, inclined links or bars can be used
especially when large size bars are required and a welded
solution 1s adopted.
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Sectional plan on A-A
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. Check that any fixings required do
Nominal hanser links not intertere with reinforcement
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‘U'bar 2
|
|y
[O
l/tu ~ ol y,
/ '
|
) k— Distance between edge of
bearing and inside of bar to
be a minimum of the bar size
or cover whichever is
the greater
‘U’ bar same size
3.1 as main bottom
[ Wl ~ - - / I \
)
—4 ld—A
Tension
anchorage hn Full length links sufficient to resist
M total reaction, equally spaced
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|
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Fig. 34 Halved joint.
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7.1 Introduction

Design and detailing of prestressed concrete are to a large
extent inseparable and this section is therefore addressed to
the designer/detailer. Only those structural members that
are commonly used are reviewed, although the principles
are applicable to other prestressed concrete members.

7.2 Drawings

In addition to the drawings showing the general arrange-
ment of the prestressed concrete structure and reinforce-
ment details, a separate set of drawings should be prepared
detailing the prestress to be applied. This set of drawings
should include the following information for each pre-
stressed concrete member:

layout and arrangement of tendons

setting-out data for each tendon profile and tolerances

tendon and duct types and sizes

anchorage recess dimensions (if any)

the prestressing system that is detailed (if any)

force to be applied to each tendon and tensioning
sequence

location of grouting points and vents

for pretensioned members any tendons to be debonded
should be marked on sections and elevations and the
method and length of debonding specified as illus-
trated in Fig. 35

| Debonded '
| length
-4-- Strands fully bonded

¢ Strands debonded for 1700 from each end of beam
-4- Strands debonded for 4500 from each end of beam

'

Fig. 35 Debonded tendons

]

tendons to be deflected should be clearly indicated and
dimensioned both horizontally and vertically see (Fig.
36) (radius of curvature to comply with the recom-
mendations of the manufacturer of wire or strand)

concrete grade and minimum strength required at trans-
fer of prestress

relevant design parameters assumed:

relaxation of prestressing steel

friction characteristics

anchorage draw-in

modulus of elasticity of steel and expected tendon
extensions

movements of permanent structure at stressing

variations in camber
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. -4-- Deflected strands
Fig. 36 ‘

+ Strand positions not used

for precast members: test arrangements, handling and
stocking requirements.

It should be clearly stated that the choice of prestressing
system is left to the contractor where no system is shown on
the drawings or where an alternative system to that detailed
is permitted.

It should also be stated on the drawings that any
alternative proposed by the contractor should be checked
by the original detailer/designer, particularly any reinforce-
ment modifications that may be required.

7.3 Components
7.3.1 Pretensioned units

Pretensioned units must be suitable for precasting. Bearing
plates or similar components should not project below the
element in to the soffit form to allow elastic shortening to
the member to take place.

Tendons

Tendons should be in vertical rows with spacing and edge
cover compatible with the maximum size of aggregate to
allow placing and compaction of the concrete. For symmet-
rical concrete sections, the centroid of the tendons should
fie on the vertical centroidal axis (see Fig. 37).

7.3.2 Post-tensioned units

Tendons and anchorages

{a) Tendons may consist of wires, strands or bars, pro-
duced in accordance with BS 5896 or BS 4486. Several
diameters and types of wire and strand are in common
use, but it is recommended that only one particular
type should be employed on a specific project to
obviate errors during installation. Prestressing bars are
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Tendon
locations

Lf
D

Dimensions to suit
aggregate size and
concrete compaction

Pretensioned section

Fig. 37 Symmetrical tendon locations

also available in several diameters (see Tables 24, 25
and 26).

{b) Post-tensioning anchorages should be of proprietary
manufacture and meet the requirements of BS 4447.
They may be ecither live (stressing). dead-end or
passive anchorages or anchorage couplings. Each
manufacturer produces a range of suitable anchorages.

Tendon ducts

(a) A tendon duct should be identified by its internal
diameter, which should be that recommended by the
prestressing equipment supplier for each size and type
of tendon.

(b) Ducts may be formed in several ways. most commonly
by using semi-rigid corrugated steel sheathing. which
may be bent to suit the tendon profile. Rigid steel
sheathing is occasionally used on special projects,
sometimes pre-bent to radius. _

(c) External diameters of sheathing vary. depending on
the type and depth of corrugations. for which due
allowance should be made when considering spacing,
clearances and reinforcement details.

(d) The detailing should enable the sheathing or duct
formers to be adequately fixed or supported to prevent
displacement.

Duct spacing and cover

The minimum spacing and cover to ducts are specified in
Codes of Practice and Standards. taking account of the
grouping of tendons. the exposure conditions of the
structure and the maximum size of aggregate. Tolerances
relating to the position of ducts should be stated in
accordance with the relevant Codes of Practice.

Multiple layer tendons

Multiple layer tendons should be arranged in vertical rows
with sufficient space between the rows to facilitate proper
placing and compaction of the concrete without damage to
the sheathing (see Fig. 38).

Curved tendons

Where tendon profiles are curved, vertically and/or hori-
zontally, sufficient concrete must be provided to give full
support to the duct to prevent the radial force from pulling
the tendon through the wall of the duct. The spacing of
ducts may need to be adjusted to comply with Codes of
Practice. The radial stresses on the insides of curves of
small radius are considerable. Increased duct spacing and
tensile reinforcement will normally be required (see also
subsection 7.4).

Recommendations on the minimum radius of curvature
of tendons may be obtained from the prestressing equip-
ment supplier who will take into account the bending,
without damage, of the sheathing and the installation of the
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Fig. 38 Symmetrical tendon locations (multiple-layer
tendons)

tendon. Very small radii may require the use of specially
made preformed rigid sheathing. In some circumstances,
larger diameter sheathing may be required locally.

Minimum straight length of tendon

In order to ensure that the elements forming the tendon
bear an equal proportion of the prestressing force at the
anchorage, it is necessary for the duct to be straight where it
connects to the anchorage. The recommended length of
straight tendon may usually be obtained from the anchor-
age manufacturer (see Fig. 39).

Straight length from

Jonchorage manutacturer

Anchorage <

Tangent
Duct

Fig. 39 Minimum straight length of tendon

Grouting points and vents

Grouting points (see Fig. 40) are associated with anchor-
ages and should have facilities for connection to high-
pressure grouting equipment. Vents are required at all high
points to prevent air-locks. For long tendons, intermediate
vents may be advisable at low points, and in an emergency,
these can be used as intermediate grouting points.

Grout vents may be combined with sheathing couplers in
which a short steel tube is riveted to the coupler. Alterna-
tively, a plastic saddle vent is placed in the desired position
against a compressible gasket to prevent leakage and wired
to the sheathing.

A hole is punched in the sheathing through the vent pipe,
using a soft steel punch so as not to damage the tendon. A
plastic pipe is connected to the vent pipe and placed
vertically to protrude above the surface of the concrete; an
internal diameter of not less than 20mm is recommended.
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Table 24 Dimensions and properties of cold-drawn wire from Table 4 of BS 5896: 1980

nominal diameter | nominal tensile strength | nominal cross-section | nominal mass | specified characteristic breaking load
mm N/mm? mm? g/m kN
7 1570 38.5 302 60.4
7 1670 64.3
6 1670 28.3 222 47.3
6 1770 50.1
5 1670 19.6 154 327
5 1770 34.7
4.5 1620 15.9 125 25.8
4 1670 12.6 98.9 21.0
4 1770 223

Table 25 Dimensions and properties of strands from Table 6 of BS 5896: 1980

specified characteristic

type of strand nominal diameter |nominal tensile strength| nominal steel area | nominal mass breaking load

mm N/mm? mm?® g/m kN

7-wire standard 15.2 1670 139 1090 232
12.5 1770 93 730 164

11.0 1770 71 557 125

9.3 1770 52 408 92

7-wire super 15.7 1770 150 1180 265
12.9 1860 100 785 186

11.3 1860 75 590 139

9.6 1860 55 432 102

8.0 1860 38 298 70

7-wire drawn 18.0 1700 223 1750 380
15.2 1820 165 1295 300

12.7 1860 112 890 209

Table 26 Dimensions and properties of hot-rolled and hot-rolled-and-processed high-tensile alloy steel bars from Table 1 of
BS 4486: 1980

nominal nominal cross-sectional area nominal mass
type of | nominal tensile smooth ribbed smooth ribbed characteristic
bar size strength surface bar bar bar bar breaking load
mm N/mm? mm? mm? kg/m kg/m kN
hot rolled 20 smooth 314 349 2.47 2.74 325
25 1030 or 491 538 4.04 4.22 505
32 ribbed 804 874 6.31 6.86 830
40 1257 1348 9.86 10.58 1300
hot rolled 20 smooth 314 349 2.47 2.74 385
and 25 1230 or 491 538 4.04 4.22 600
processed 32 ribbed 804 874 6.31 6.86 990
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Plastic vent pipes should be adequately supported —
possibly by the insertion of a loose-fitting reinforcing bar or
length of prestressing strand.

The grouping of grouting and vent pipes at a single point
should be avoided.

Vent pipes

|

o]
ﬁ >
Qa2
$o
2

1
c 1048
11! < 1 1b d 100 min
o—Hgllt—¢ e if:%
,:' d o 5 L]
Fig. 40 Grouting points and vents 100min

Duct profile
The duct profile should preferably be given in tabular form,
the horizontal and vertical dimensions being based on a
datum that is easy to identify on site. The profiles for each
vertical row of ducts should be tabulated separately, with
X-, y- and z-coordinates (see Fig. 41).

Dimensions should be to the centre of the duct or ducts
and should be sufficiently frequent to define adequately the
profile, taking account of its radius of curvature.

T
|

T T T
. . ! : !
~ | L i ! Tendon
Y4 | gSoffit : ; =3

—

X Elevation of duct profiles

Distance atong
member(intervals | o
atWgor¥aoof span)
Ordinate above
soffit,y mm

Tendon (@
Tendon @

0-05 010 015 0-20

1340 1203
888 M

1061
679

938
602

833
536

Plan of duct profiles

Distance along
member. 0 005 010 015 020
Distance from
outside face,z mm
Tendon @D 560 300 150 105 105
Tendon (9 1020 770 600 570 570

Note : All dimensions to duct centre lines
Fig. 41 Duct profiles

Anchorages

If the structure is detailed for a particular prestressing
system, an outline of the anchorage should be shown; it
should be axially in line with the last straight length of
tendon. The spacing and edge distance should not be less
than those recommended by the manufacturer.

If the structure is not detailed for a particular system then
a general outline should be drawn that would generally
encompass approved systems.

Anchorage recesses (};ee Fig. 42) should be dimensioned
to provide adequate working clearance to the stressing
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* Part plan

*Key dimensions required
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Section End elevation

Fig. 42 Anchorage recesses in end block

equipment and sufficient depth to ensure that they can be
subsequently filled with mortar or concrete to provide
corrosion protection. Reinforcement may be required to
retain the concrete or mortar filling; a convenient method is
to screw small diameter bars into sockets provided in the
faces of the recess.

Working clearances

Space should be provided in front of the anchorages to
enable the stressing jack to be lowered into position with its
oil pipes, to be extended in line with the tendon and to be
removed after stressing (see Fig. 43). There must be

A

1 B

>

A Total clearance recommended to allow removal of
equipment after completion of stressing

B Overall length of stressing equipment including extension
C Overall length of equipment before stressing

Fig. 43 Jack clearances
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sufficient space for the operators to stand alongside the
jack.

_ Where the permanent works cause a temporary obstruc-
tion to the stressing operations, they should be detailed to
allow for the completion of construction after stressing,
e.g. wing and facing walls.

7.4 Reinforcement detailing

It is necessary to identify the areas in the structure that are
subject to tensile forces, and the clauses in this subsection
relate to the detailing of reinforcement in these areas. As

(c) Tensile stresses occurring on the faces of end
blocks adjacent to the anchorages
To resist these stresses and prevent concrete spalling,
reinforcement should be placed in two directions at
right-angles as close to the end face as cover considera-
tions permit.

. End blocks distribute high forces requiring large quan-
tities of reinforcement in relatively small spaces. This has
two consequences:

Resultant of

distributed
! B C B8 C force
—\ E=N
+ e S e % —> %
h . A . 1o Al __Io 3
_*b *
* Shear
_?_ e — — Compression Tension
1
| 1L n 4,’ Force *Forces required to maintain
distribution equilibrium of block ABCD
Fig. 44 Overall equilibrium of end block
b Theoretical prism
. . . iated with
for reinforced concrete, all the reinforcement in any one T
. horizontal bursting
part of a concrete member should be detailed on one —— 7
. 7
drawing. by ¥ Prism associated with
vertical bursting
7.4.1 End blocks in post-tensioned members (see s s B
reference 10.4.1) %! HiminZ kot t
An ‘end block’ is that zone of a prestressed concrete "
member in which the prestressing force is dispersed from Tt X
. . . . 7 N L
the tendon anchorages to an approximately linear distribu- 7 -
tion across the section. 7kt N \ Horizontal burstin
Reinforcement in end blocks should be detailed to /’ reinforcement g
7

ensure satisfactory behaviour of the end block under the
following effects:

(a) Overall internal equilibrium of the end block

Both vertical and horizontal equilibrium should be
considered and reinforcement provided to resist the
tensile forces induced (see Fig. 44).

(b) Tensile bursting forces behind the anchorage
These forces act normally to the line of the prestressing
force in all lateral planes. The reinforcement to resist
these forces is normally provided as closed hoops or
spirals. Because the tensile forces act in all lateral
planes the reinforcement will be stressed throughout
its length, and it is essential that any hoops or links are
detailed with full tensile laps (e.g. BS 4466, shape code
74, but with large radius bends to avoid crushing the
concrete).

To restrain the bursting forces effectively the rein-
forcement should be positioned as near as possible to
the outer edge of the largest prism whose cross-section
is similar to and concentric with that of the anchor plate
having regard to the direction in which the load is
spreading, and at least S0mm outside the edge of the
anchor plate (see Fig. 45).

Reinforcement links for adjacent anchorages should
be overlapped and longitudinal bars positioned in the
corners. Where spirals are provided with some prop-
rietary anchorages as part of the anchorage system,
additional reinforcement may be required to resist the
bursting forces.
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(extends to depth b)

Anchoroge«/

End elevation

Vertical bursting reinforcement
(extends to depth t)

Zone tfor positioning vertical
bursting reinforcement

+t—+ 1

I © 0 0 0 © 0 0 0 O

oo 0 0 0 06 © 0 0 ©

b | '

e

LZone for positioning horizontal
bursting reinforcement

t = Least dimension
of member

Side elevation

Fig. 45 Location of bursting reinforcement

() The forces in the reinforcement build up quickly over
relatively short lengths, and great care should be taken
to ensure that the bars are anchored effectively. At all
corners, the bars should have large radius bends to
avoid crushing the concrete or should pass round a
longitudinal bar or tendon of at least the same dia-
meter.
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(ii) As well as the tensile forces described above there are
significant compressive forces in end blocks, particu-
larly immediately behind the anchorages, which must
be resisted by the concrete. The reinforcement should
be detailed to allow the concrete to be properly placed
and compacted.

7.4.2 Secondary reinforcement

While prestress is normally introduced into a member to
enable it to resist bending moments and axial loads, it may
also contribute to the shear and torsion capacity. However,
secondary reinforcement may be required to enhance shear
and torsion resistance, for crack control and for fire
resistance.

Shear reinforcement in post-tensioned beams should
consist of open links or pairs of lapping U-bars so that the
tendons can be easily positioned (see Fig. 46).

?j
Q

7

Position of
ducts vary

N

Q_
Q.

[

Fig. 46 Shear reinforcement

The detailer should be aware that Codes of Practice may
require that:

e minimum areas of reinforcement be provided to control
cracking in end blocks or shear requirements for

e reinforcement be provided longitudinally to resist tensile
forces caused by restraints to early thermal movement
(e.g. by the falsework) before the member is stressed.

7.4.3 Additional reinforcement around holes

When holes occur in prestressed concrete members, the
compressive stresses in the direction parallel to the line of
action of the prestress may be significantly increased (see
“Fig. 47). Tensile stresses of the same order as the longitu-
dinal stresses are aiso induced normal to the line of action
of the prestress. Reinforcement may be required to resist
the tensile forces and the enhanced compressive stresses.
The reinforcement should be fully anchored into the
surrounding concrete.

Local reductions in cross-sectional area also occur at
coupler positions and at ducts for transverse, vertical or
diagonal tendons. These reductions may lead to substan-
tially increased stresses that require additional reinforce-
ment.

— -
— . -—
p Compression
— anchorage -—
length |
— -
| 3p
— -
— ‘ ) Compression |+ a
— e -
P Pl | g
— 2 - _/ + —- -
» Tension / - —g
| -
— | -— 'g
=
— . - 5
Tension g
> anchorage -3
— length -
— -
~— —_— —-—

Fig. 47 Stress distribution and additional reinforcement
around circular hole
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7.4.4. Reinforcement to resist the normal component
of the prestress

Angular deviation of the tendon line causes forces normal
to the tendon. Although these lateral forces are in equilib-
rium when the member is considered as a whole, local shear
forces and moments are induced, and these should be
resisted by reinforcement,

As an example consider an anchorage blister on the
flange of a box girder (see Fig. 48). The radial component
of the prestress force (PR) is applied to the concrete along
the curved length of the tendon and is balanced by the
forces at the end of the tendon (PV1, PH1 and PH2).
Reinforcement should be provided to resist the forces and
moments induced.

Possible crack

Additional reinforcement

A-A

Additional reinforcement
for local bending

Fig. 48 Forces acting at anchorage blisters

Where the radial prestress component PR is applied near
the face of the concrete it may cause spalling. Reinforce-
ment links should be provided to transfer this force into the
concrete flange. They should be distributed along the
curved part of the tendon. Additional links should be
provided beyond the tangent points to allow for any
misalignment of the tendon.

I'>A

-

A
Plan

T be I
EE S
- - :

A-A e

Forces actingon
cross section Moments around box
Fig. 49 Forces in box girder curved in plan
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When tendons are located in the webs of beams that are
curved in plan (see Fig. 49), the lateral force from the
tendon is balanced by the combined lateral forces from the
compressions in the web and flanges. The distribution of
forces induces bending in the web that should be resisted by
reinforcement.

The radial component of the prestress force increases
with decreasing radius of curvature. In looped anchorages
the radial force is large, and local reinforcement similar to
that in end blocks is required (see Fig. 50).

7.4.5 Reinforcement against grouting pressure
It is usually specified that tendon ducts should be grouted to
a pressure of 0.7N/mm? (7 bars). In some circumstances,
higher pressure may be used in order to force grout through
the duct. Sheathing, anchorages and couplers are not
designed to resist grouting pressure, which is consequently
transmitted to the concrete where it can induce tensile
stresses.

Fig. 51 shows areas where tensile stresses are induced
when the ducts are grouted. It may be necessary to provide
reinforcement links around the ducts.

Plan

Radial forces

Elevation

Fig. 50 Forces at looped anchorages

(1 Ot{]to 1]

Ducts in thin members

-

O

-

Local reduction in concrete section
at couplers

DG

Local bending at rectangular ducts

Fig. 51 Tensile forces due to grouting pressure
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7.4.6 Intermediate anchorages

Fig. 52 shows an anchorage within the body of a concrete
member. Under the localized action of the prestress force,
an imaginary line AA will tend to deform to A’A’ creating
tensile forces parallel to the tendon. These tensile forces
may occur even when there is an overall compression in the
member from, for example, other prestressing tendons.

AN

, j\{\Lqrge radius
bend

X-X

= |

C )
Y-Y

\ Large radius bend

Fig. 52 Tensile forces and additional reinforcement at
intermediate anchorages

Reinforcement fully anchored into the surrounding con-
crete should be provided each side of the anchorage
parallel to the prestressing tendon.

Local tensile forces can also occur at anchorage coup-
lings (see Fig. 53). When the coupled tendon is stressed the
force between the previously stressed concrete and the
anchorage decreases, and the local deformation of this
concrete is reduced. Increased compressive forces are
induced adjacent to the anchorage and balancing tensile
forces between adjacent anchorages. Cracking in the
tensile zones should be controlled by distributing tendons
around the cross-section, by providing fully anchored
reinforcement to resist the tensile forces or by providing
some u;1coupled tendons across the joint (reference
10.3.1.4).

7.4.7 Pretensioned members

In pretensioned members the axial prestress force is
transferred from the tendons to the concrete over a finite
length. When the tendons are released from the casting bed
the stress within the transmission length is reduced leading
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to an increase in the diameter of the tendon because of the
Poisson effect.

This transmits a radial compressive force into the
concrete that is balanced by circumferential tensile forces.
Adequately anchored reinforcement should be provided
over the whole transmission length to resist these forces. If .
the tendons are distributed both vertically and laterally in
conformity with the linear prestress distribution remote
from the transmission zone effects, then the transmission
zone will be in internal equilibrium without the need for
any additional reinforcement. If the tendons are concen-
trated in groups the overall internal equilibrium of the
transmission zone should be considered and reinforcement
provided (see Fig. 54).

It is recommended that the end zone of a beam is
designed and detailed as a reinforced concrete member
with longitudinal and shear reinforcement as necessary (see
reference 10.3.3.13).

It is normal practice to provide sets of standard stirrups at
acloser spacing (e.g. 75 mm) in transmission zones that not
only occur at the end of members but also where tendons
are debonded. This reinforcement is usually sufficient to
resist the Poisson effect and equilibrium forces, as well as
providing adequate shear capacity (see Fig. 55).
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Fig. 53 Tensile forces at anchorage coupling
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Fig. 54 End zones in pretensioned members

7.4.8 Construction joints

Detailing reinforcement should allow for possible locations
of vertical and horizontal construction joints, which should
avoid cast-in components such as anchorages and couplers.
Where construction joints intersect the planes of tendon
ducts, they should be positioned to avoid areas with
restricted access for vibration equipment and scabbling
tools.

7.5 Other effects of prestressing

Information of the aspects below should be provided on the
drawings.

7.5.1 Movements of the permanent structure

During application of the prestressing forces to the perma-
-nent structure, horizontal movements arising from elastic
shortening of the concrete members and vertical move-
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Length of debonding
(see schedule)

Debonded tendon—»
Bonded tendon
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Fig. 55 Transmission zones in pretensioned members

ments due to the induced prestress will take place. The
movements will be transmitted to supporting falsework,
which in turn will tend to move in sympathy. Clear
indications of the expected movements and the method of
articulation should be given to avoid overstressing hoth
permanent and temporary structures. In particular, tem-
porary restraints to movements should be identified, e.g.
anchored sliding bearings.
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Where prestressed concrete structures are formed on
long-span falsework that has greater flexibility than that of
the permanent structure, consideration should be given to
the effect of any residual deflection of the falsework
imposing additional upward forces on the permanent
structure on completion of the stressing operations (see
Fig. 56).

Staged Concrete
(UL structure

Long span

A1 _fJ: falsework

Initial falsework deflection = Ay

Stage 2

AZ%— } 3

Deflection reduces to Ay < Ay

Tendons stressed

{

Residual reactions on structure from
falsework left in position

Fig. 56 Effect of leaving falsework in position — case A

Stage 1

Concrete
structure

Previously
stressed

Long span
falsework

Initial falsework deflection = Aq

Stage 2

Tendons

Y T stressed

a4 |

Deflection reduces to Ay <Ay

T

Stage 3

) — 3

Residual concentrated reactions on structure

from falsework left in position
Corresponding concentration of forces on falsework

| ¢

Fig. 57 Effect of leaving falsework in position — case B
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To ensure that these temporary upward forces do not
overload the permanent structure it may be necessary to
release falsework in phase with the application of the
prestress. Any tendency during stressing for the permanent
works to impose additional vertical downward forces on
fal)sework should be clearly stated on the drawings (see Fig.
57).

7.5.2 Variations in camber

In defining the dimensional tolerances of prestressed
concrete members, variations in the modulus of elasticity
and elastic shortening of the concrete should be con-
sidered. The effects of variations in camber are of great
signifiance at the detailing stage. As an example, variations
in camber will occur between the adjacent units of a floor,
which in turn will influence the average thickness of
subsequent floor screeds.

7.6 Typical details

Figs. 58 to 66 illustrate typical details in prestressed
concrete members and incorporate the recommendations
made in this manual.

Transverse reinforcement in post-tensioned box girder
Fig. 58 shows the variation in reinforcement along a beam
to accommodate the changes in level of the tendons.

Post-tensioned end block, reinforcement

Figs. 59 to 62 illustrate reinforcement in an end block. Each
figure highlights reinforcement that is provided for a
specific function as described in this manual.

Anchorage details for prestressed silo wall

Fig. 63 illustrates typical anchorage reinforcement, which
extends over the full height of the silo. The tendon should
extend from the tangent point to the anchorage in a straight
line, the buttress being dimensioned such that the mini-
mum concrete cover is maintained to the tendons at the
Junction of the silo wall with the buttress and that adequate
Jack clearance is provided.

Flat-slab prestressing with unbonded strand

Figs. 64, 65 and 66 show the typical three-drawing method
of detailing by which the tendon layout, the tendon support
bars and the additional bonded reinforcement are shown
separately. A typical example of the legend by which
groups of tendons and anchorage types and the tendon
placing sequence are indicated is shown in Fig. 64, while
Fig. 65 shows a typical support bar layout. The actual
layout may be modified by the contractor depending on the
support system adopted so that the specified tendon
profiles are attained and adequate support provided. Fig.
66 shows the reinforcement that is always required in the
top of the slab at columns, the end-block reinforcement and
the reinforcement needed in the bottom of the slab at
mid-span in some design applications (see references
10.4.4, 10.4.5 and 10.4.6).

In addition to the flat plate shown, other types of flat-slab
are used — with drops, coffered or ribbed. The principles
of detailing are however applicable to all.
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Fig. 58 Transverse reinforcement in post-tensioned box girder

Fig. 59 Post-tensioned end block — bursting reinforcement
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Fig. 60 Post-tensioned end block ~ spalling reinforcement
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Fig. 61 Post-tensioned end block — vertical equilibrium reinforcement

»d

IStructE Detailing Manual



BL
i
%

oo

o]

c-C

Note:

Some of this reinforcement
resists diaphragm bending

moments

o | o
vy
ol o
LY
O\ | Of\| it pet=i=t
WL

Fig. 62 Post-tensioned end block — horizontal equilibrium reinforcement

1000

|
Circumierential ¢ Buttress

25

Tangent
point

strand tendons
Plan
. A
/— Links |

2 No. straight
per anchorage

Silo wall
reinforcement

! Anchorage

2 No. per
anchorage

Fig. 63 Anchorage detail for prestressed silo wall
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Detailing of precast concrete work requires special disci-
plines that do not occur with in siru concrete. The reason for
these are:

The precast unit is, by definition, transported after it is
made before it can be incorporated in the works.

The unit is often incorporated into a ready built or part
built structure. In these cases, consideration of toler-
ances is important.

The unit is often made by a third party who may not
have visited the site and will not have all the drawings.
Clarity of instruction to the precaster and preliminary
discussions are therefore vital.

Precast concrete structures usually require special con-
sideration of joints. Sound detailing of these areas leads
to attractive, serviceable and safe structures.

Precast units are often cast in a different orientation from
that of their final use. The decision of how to cast is often
best left with the precaster or should at least be discussed
and agreed with him. At the detailing stage the designer
should make his intention clear on surface finish and on
tolerance. Areas where tolerances different from the
specification are required for particular reasons should be
clearly noted. Remember that unnecessarily rigid specifica-
tions may not be economic in the long run.

Itis particularly difficult to form re-entrant or protruding
corners without having breakage or an unsightly finish.
Acute re-entrant corners are to be avoided as it is difficult
to remove the formwork without damage. Acute protrud-
ing corners are often broken in handling and are often
discoloured because the large aggregate cannot get into the
corner. Fig. 67 shows how a notched skew-ended beam
should be detailed to overcome these problems. Also
shown is a recommendation on the dimensioning of
skew-ended beams.

The need to transport a precast concrete element
requires that consideration should be given not only to its
physical size and weight so that transportation is possible
but also to the specification of permissible lifting positions
and angles of lifting.

These basic rules are not exhaustive but give a guide for
the detailer in proportioning elements:

< 27.4m no restriction if also < 32 tonne
gross and < 3m wide
27.4m special dispensation required from
Department ot Transport
< 4.0m total load no restriction
> 4.0m special routing necessary
2.9m no restriction
2.9 up to 4.3m possible with notification to
police
4.3 up to 6.1m special dispensation re-
quired from the Department of Trans-
port

length

height
width
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Precast concrete

weight < 20tonne norestriction on normal 32 tonne
truck

< 38tonne no restriction on special 38 tonne
truck

20 < weight < 60 tonne on low loader or
steerable bogie

60 < weight < 160 tonne police escort
required, possible special routing, use
of air-cushioned vehicle or hydraulic
bogies possible.

The most frequently used loads are with a 20 tonne
payload on a 32 tonne gross truck. In these cases, with
multiple numbers of units on a load, significant savings can
be made if weight of whole number of units approaches but
does not exceed 30 tonne, i.e. 2 no. 9.8 tonne per load as
against 1 no. 10.2 tonne units.

Permissible support points and packing materials should
also be noted.

Lifting strengths for the concrete should be stated on the
drawing, remembering that the maximum mould use on a
repetitive job will bring all its economies only if the very
minimum lifting strength is specified.

The weight of the unit for craneage and for the estima-
tion of transportation should be clearly stated on the
drawing.

According to BS 4449, ordinary reinforcement is not
suitable for use as lifting hooks. Some precast manufac-
turers do use reinforcement for lifting purposes, but it is
presumed that they do so with proper care and attention
to details and lifting practices and on the basis of practical
tests and the risks involved.

A range of proprietary inserts are marketed, both for
fixing and lifting. It isimportant that these are used to the
manufacturer’s instructions with adequate factors of safety.
It is also important that secondary load effects or structural
movements do not put forces on inserts for which they have
not been tested or designed. In these cases, means should
be sought to isolate the fixings so that only the correct
forces may be applied.

Where a drawing not only shows a part of a unit that is
cast on to another precast unit, the drawings of each should
clearly state where the weights are noted that the weights
are only for part units.

Units of complex shapes should be discussed with a
precaster before their details are finalized. Units with a
requirement for a high quality of finish may be required to
be cast in one piece moulds. In these cases, a drawing for
demoulding is necessary, and the unit and its surrounding

. structure should be detailed accordingly.

The design of joints and the requirements for the
detailing of reinforcement and concrete (binding links,
chamfers, etc.) are covered in the Institution of Structural
Engineer’s report Structural joints in precast concrete,
1978 (reference 10.3.3.12).

For precasting, the detailer needs to be fully aware of the
method of moulding and the assembly and handling of the
reinforcement cage, but such expert knowledge is normally
available only in the office of the specialist precaster.
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9 Water-retaining structures

9.1 General

Water-retaining structures will in general be detailed in
accordance with the recommendations for normal rein-
forced concrete structures except that the provision of
reinforcement, spacing of reinforcement, cover and dura-
bility requirements are generally more onerous. BS 8007
deals with the design of reinforced concrete service
reservoirs and tanks used for the storage of water and
other aqueous liquids. In normal structures the most
critical aspect of design is generally the ultimate limit state
(strength), whereas for structures designed to retain
liquids not only is strength to be considered but it is
essential to restrict the width of cracks in the concrete.
The provision and spacing of reinforcement to satisfy the
limit state of cracking may therefore control the design
and in many cases exceed that required for strength.
Water-retaining structures designed to BS 8007 require
reinforcement to resist tensile forces caused by:

(@) structural actions due to applied loads and
(b) restraint to thermal contraction and drying shrinkage

The reinforcement to be provided in all slabs and walls in
a particular direction is the larger of the amounts required
separately for (a) and (b).

Unlike normal structures where the construction joints
are not normally shown on the detailed drawings but are
described in the specification, the positions of all construc-
tion joints and movement joints must be shown on the
drawings (see Fig. 68).

It is the responsibility of the designer and not the
contractor to position all joints as the amount of reinforce-
ment to resist the tensile forces arising from thermal
contraction and drying shrinkage is dependent on the
frequency and spacing of all types of joints.

9.2 Cover

Durability is considered to depend on the concrete grade,
cement content, crack width and cover. For reinforced
concrete the maximum design surface crack widths for
direct tension and flexure or restrained temperature and
moisture effects are:

(1) severe or very severe exposure: 0.2 mm
(2) critical aesthetic appearance: 0.1 mm

The nominal cover to any reinforcement given in BS 8007
should not be less than 40 mm. This is satisfactory for
severe exposure. For very severe exposure the cover and
mix should empty with BS 8110; Part 1. A greater cover
may be necessary at a face in contact with aggressive soils
or subject to erosion or abrasion.

9.3 Spacing of reinforcement

For tensile reinforcement the bar spacing should not
exceed 300 mm.

9.4 Bar anchorage lengths

Table 27 gives anchorage lengths in terms of bar size,
according to the allowable steel stress in service conditions
for horizontal bars in members in direct tension (e.g. hoop
tension).
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Table 27 Tension anchorage lengths for structural re-
quirements (a)

member in direct tension

deformed
bar type plain (type 2)
concrete| design crack 0.1 mm 0.2 mm 0.1 mm 0.2 mm
grade width
allowable 85 115 100 130
stress, f;, N/mm?
35/40 | anchorage
length, mm 300 400 209 260
45 ancorage
length, mm 260 35¢ 18¢ 23¢
Notes:

L. If Agprov exceeds A,y multiply by A
sprov
2. If in flexure, multiply anchorage length by 0.7

Table 28 gives anchorage lengths in terms of bar size
for members in flexure in which the steel area provided is
no more than the steel area required for the ultimate limit
state.

Table 28 Tension anchorage
requirements (@)

lengths for structural

member in flexure - ultimate limit state

bar type deformed
concrete steel strength, f, plain (type 2)
grade N/mm? 250 460
35/40 anchorage length, mm 33¢ 34¢
45 anchorage length, mm 29¢ 30¢
Note:
If Agprov €xceeds Ageq multiply by A,

A sprov

Table 29 gives anchorage lengths in terms of bar size
for slabs and walls in which the steel ratio provided is no
more than the critical steel ratio.

Table 29 Tension anchorage lengths for thermal and
shrinkage requirements (b)

bar type deformed
concrete steel strengzth, fy plain (type 2)
grade N/mm 250 460
35/40 Perit 0.0064 0.0035
lap length, mm 39¢ 48¢
45 Perit 0.007 0.0038
lap length, mm 36¢ 44¢
Notes:

1. peric is the critical steel ratio, i.e. the minimum ratio of steel area to the gross
area of the whole concrete section required to distribute cracking.
2. If Agpeov exceeds Ay, multiply by Agi

sprov
where Ay = Perie % gross area of whole concrete section.

General note

Tables 28, 29 and 30 give tension anchorage lengths: The lap length = a factor X
anchorage length. The factor may be 1.0, 1.4 or 2.0, and the value to use will
depend on cover, position and spacing of bars (BS 8110, clause 3.12.8.13).
However in many situations the value will be 1.0 or 1.4. The minimum lap length
for bar reinforcement should not be less than 15 times the bar size or 300 mm,
whichever is greater.
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Fig. 68 Examples of movement joints

Sealing compound on Non -absorbent Non-absorbent
one or both faces joint filler Sealing compound—\ joint filler

Wwall Floor
No steel No steel
continuity continuity
Centre bulb / \L Initial gap for Expansion type initial gap for
waterstop expansion waterstop expansion
(a) Expansion joints
Sealing compound on No concrete continuity Joint sealing No concrete continuity
one or both faces and no initial gap compound and no initial gap
Wwall Floor
3 No steel No steel
ks continuity continuity
B Formed
Waterstop J Waterstop
Sealing compound on Wet- formed or sawn
one or both faces Induced crack Induced crack / slot sealed later
No steel
continuity
Induced
Central crack Waterstop with
inducing waterstop crack inducing upstand
(b) Complete contraction joints
Sealing compound on No concrete continuity Joint sealing No concrete continuity
one or both faces and no initial gap compound and no initial gap

walil Floor
Steel Steel
continuity 50% continuity 50 %
Formed
Waterstop—/ Waterstop
Sealing compound on induced crack Joint sealing Induced crack
one or both faces \ compound
(DA DTS
—
0Qs ¢ CUST
055 ¢ (4 Steel ) Steel
92;%7 ¢ } continuity 50% o) continuity 50%

Induced

[ ——
4
/i __
Central crack / ‘
Waterstop J

inducing waterstop

(c) Partial contraction joints
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10

10.1 Essential references for detailers

10.1.1  BS 4466 Specification for bending dimensions
and scheduling of reinforcement for concrete
10.1.2  BS 1192 Construction drawing practice

Part 1. Recommendations for general prin-
ciples

Part 2: Recommendations for architectural
and engineering drawings

Part 3: Recommendations for symbols and
other graphic conventions

Part 4. Recommendations for landscape
drawings

10.2 Important reference documents

10.2.1  BS 8110 Structural use of concrete

Part 1: Code of practice for design and
construction

10.2.2  BS 8007 Code of practice for the design of
concrete structures for retaining aqueous
liquids

10.2.3  BS 5400 Steel, concrete and composite bridges

10.2.4  Concrete Society Standard reinforced concrete

details, Technical report no. 6, ref. 51.066

10.3 Other useful references

10.3.1 Standards and Codes :
10.3.1.1 BS 6100 Glossary of building and civil en-
gineer ing terms _

Section 6.2: Concrete
Section 6.3: Aggregates

10.3.1.2 BS 8004 Code of practice for foundations

10.3.1.3 BS 4210 Specification for 35mm microcopying
of technical drawings

10.3.1.4 BS 4449 Specifications for hot rolled steel bars
for the reinforcement of concrete

10.3.1.5 BS 4482 Specification for cold reduced steel wire
for the reinforcement of concrete

10.3.1.6 BS 4483 Specification for steel fabric for the
reinforcementof concrete

10.2.1.7 BS 5395 Stairs, ladders and walkways

10.3.9  ISO 128 Technical drawings: general principles
of presentation

10.3.1.10 ISO 1046 Architectural and building drawings:
vocabulary

10.3.1.11 ISO 1047 Architectural and building drawings:
presentation of drawings, scales
10.3.1.12 ISO 3098-1 Technical drawings: Lettering,
Part 1: Currently used characters
10.3.1.13 ISO 5455 Technical drawings: scales

10.3.2 Cement & Concrete Association publica-
tions

10.3.2.1 Balint, P. S., & Taylor, H. P. J. Reinforcement
detailing of frame corner joints with particular
reference to opening corners, 1972, No.
42,462

10.3.2.2. Higgins, J. B., & Rogers, B. R. Designed and
detailed, 1986, no. 43.501
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PART IV

Special procedural provisions for certain orders

18.  Preliminary

19.  Special provisions for consolidation orders

20. Minor orders

21.  Special provisions for experimental traffic orders

22.  Special provisions for orders giving permanent effect to experimental orders
23.  Orders under section 30 of the 1984 Act (playgrounds in London)

24.  Special provisions for loading area orders '

25.  Making of orders in part

26. Revocation or revocation and re-enactment where due to exceptional circum-
stances notices of the making of orders are not published

27. Re-enactment of orders which in exceptional circumstances have been revoked
before publication

PART V

Procedures and objections under paragraph 7 of Schedule 5 to the Local
Government Act 1985

28.  Preliminary
29.  Procedures and objections

PART VI

30. Transitional provisions

SCHEDULES

Particulars to be included in press notices

. Requirements as to notices to be displayed in a road or other place
Requirements as to the availability of documents for inspection

Documents to accompany the application for the Secretary of State’s consent

N

. Minor orders

The Secretary of State for Transport and the Secretary of State for Wales, in exercise of
their powers under sections 30(6) and 124 of and Part III of Schedule 9 to the Road
Traffic Regulation Act 1984(a) (“the 1984 Act”), section 8 of and Schedule 5, paragraph
7 to the Local Government Act 1985(b) and of all other enabling powers, after
consultation with representative organisations in accordance with section 134(2) of the
1984 Act, and after consultation in accordance with paragraph 23 of Schedule 9 to the
1984 Act, hereby make the following Regulations:-

(a) 1984 ¢.27; section 30 and Schedule 9 were amended by the Local Government Act 1985 (c.51),
Schedule 5, paragraph 4(39).
(b) 1985 c.51.




