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INTRODUCTION

This publication has been produced under the Reinforced
Concrete Council's project, ‘Spreadsheets for concrete design
to BS 8110 and EC2". It provides.

¢ A User Guide for the spreadsheets produced
under the above project

o Examples of current commercial reinforced concrete
design

¢ A consensus of current commercial reinforced concrete
design practice

¢ A consensus of opinion concerning reinforced concrete
design to EC2.

The spreadsheets are intended to follow normal design
practice and cater for the design of low- to medium-rise
multi-storey concrete framed buildings.

Over a number of years, the Reinforced Concrete Council
has developed spreadsheets to produce cost-optimised span/
depth charts™. It was recognised that the spreadsheets could
prove to be a very useful tool for all designers - equally
useful to the single practitioner, larger organisations and
educational establishments. Thus in 1996 a project was set
up to commit reinforced concrete design to computer
spreadsheet files. The project was jointly funded by the RCC
and the Department of the Environment, Transport and the
Regions (DETR) under its Partners in Technology scheme. It
was made possible by the support and contributions of time
given by individual members of industry. The project was
managed by the Reinforced Concrete Council and guided
by an 80-strong Advisory Group of interested parties,
including consulting engineers and software houses.

The spreadsheets were to be issued with publications
covering their use, complete with model designs and
commentary. Two issues were originally envisaged: one to
BS 8110: Part 1, 1997, Structural use of concrete®, and one
to Eurocode 2, Design of concrete structures, Part 1. Owing
to uncertainties with the final detailed content of EC2, the
number of spreadsheets to the ENV has been curtailed.
Nonetheless, it has been possible to maintain a
comprehensive coverage and present the spreadsheets to
EC2 with those to BS 8110 in this single-volume User Guide.

The design of concrete structures has been described as time
consuming and costly. Computer programs are used
extensively but designers are often reluctant to rely on ‘black
box' technology over which they have little knowledge or
control. Computer spreadsheets, on the other hand, are user-
friendly, completely transparent and very powerful, and are
becoming increasingly popular in all aspects of engineering.
They have powerful graphical presentation facilities and
established links with other software, notably word
processors. In structural engineering, they suit concrete
design ideally, in that they can carry out a series of
mathematical calculations and, as in design, can check

whether certain conditions are met. They are an ideal
medium to deal with the intricacies of concrete design.

And this is where it is hoped the publication and spreadsheets
will help students and inexperienced engineers grasp an
understanding of reinforced concrete design. For the
experienced engineer, spreadsheets allow the rapid
production of clear and accurate design calculations. It is
hoped that the spreadsheets will allow younger users to
understand concrete design and help them to gain
experience by studying their own ‘what if' scenarios. The
individual user should be able to answer their own questions
by chasing through the cells to understand the logic used.
Cells within each spreadsheet can be interrogated, formulae
checked and values traced.

In producing the spreadsheets several issues have had to be
addressed. Firstly, which spreadsheet package should be
used? Excel appeared to hold about 70% of the market
amongst structural engineers and was thus adopted. More
specifically, Excel 97 was adopted as being de facto the most
widely available spreadsheet in the field. To avoid
complications, it was decided not to produce corresponding
versions using other spreadsheet packages.

In trying to emulate current practice, a consensus of opinion
was sought and used on several design issues. For instance,
with flat slabs, should deflection checks consider the whole
bay width as opposed to checking column strips and middle
strips? Should retaining walls conform to BS 8002%, 8007%)
or CECP20., It is anticipated that through use and continuing
development more standardised design methods will
emerge. Students and young engineers may follow the
'model’ calculations presented in the spreadsheets to form
an understanding of contemporary reinforced concrete
design.

The introduction of Eurocode 2 is inevitable. Students and
both inexperienced and experienced engineers will all need
to grasp an understanding of design to this code. There are
differences between EC2 and BS 8110. The spreadsheets
should help with the transition. The introduction of
Eurocode 2 will provide commercial opportunities for those
who are prepared to use it.

It is believed that both novices and experienced users of
spreadsheets will be convinced that spreadsheets have
a great potential for teaching BS 8110 and Eurocode 2,
improving concrete design and, above all, improving the
concrete design and construction process.




Managing the spreadsheets

Use

Spreadsheets can be a very powerful tool. Their use will
become increasingly common in the preparation of design
calculations. They can save time, money and effort. They
provide the facility to optimise designs and they can help
instill experience. However, these benefits have to be
weighed against the risks associated with any endeavour.
These risks must be recognised and managed. In other words
appropriate levels of supervision and checking, including self-
checking, must, as always, be exercised when using these
spreadsheets.

Advantages

For the experienced engineer, it is hoped that the
spreadsheets will help in the rapid production of clear and
accurate design calculations for reinforced concrete
elements. The contents are intended to be sufficient to allow
the design of low-rise multi-storey concrete framed
buildings.

Spreadsheets allow users to gain experience by studying their
own ‘what if' scenarios. Should they have queries, individual
users should be able to answer their own questions by
chasing through the cells to understand the logic used. Cells
within each spreadsheet can be interrogated, formulae
checked and values traced. Macleod™ suggested that, in
understanding structural behaviour, doing calculations is
probably not a great advantage; being close to the results
probably is.

Engineers are often accused of having little idea of the costs
of their designs. With spreadsheets, it is a very simple matter
to multiply the quantities of reinforcement, concrete and
formwork required by current rates to give an idea of
material costs. By considering these costs along with time
costs, different forms of concrete construction can be
compared quickly and sizes or depths of elements can be
sensibly optimised.

Other benefits include quicker and more accurate
reinforcement estimates, and the possibilities for electronic
data interchange (EDI). Already, bending schedules in the
form of ASCII files derived from spreadsheets are the basis
of some EDI and the control of bar-bending machines.
Standardised, or at least rationalised, designs will make the
checking process easier and quicker.

Appropriate use

In its deliberations® the Standing Committee on Structural
Safety (SCOSS) noted the increasingly widespread availability
of computer programs and circumstances in which their
misuse could lead to unsafe structures. These circumstances
include:

GENERAL NOTES

* People without adequate structural engineering
knowledge or training may carry out the structural
analysis.

¢ There may be communication gaps between the design
initiator, the computer program developer and the user.

* A program may be used out of context.

o The checking process may not be sufficiently
fundamental.

¢ The limitations of the program may not be sufficiently
apparent to the user.

¢ For unusual structures, even experienced engineers may
not have the ability to spot weaknesses in programs for
analysis and detailing.

The committee’s report continued: "Spreadsheets are, in
principle, no different from other software...” With regard
to these spreadsheets and this publication, the RCC hopes
to have addressed more specific concerns by demonstrating
“clear evidence of adequate verification” by documenting
the principles, theory and algorithms used in the
spreadsheets. The spreadsheets have also had the benefit
of the Advisory Group's overview and inputs. Inevitably,
some unconscious assumptions, inconsistancies etc®. will
remain.

Liability
A fundamental condition of use is that the user accepts

responsibility for the input and output of the computer and
how it is used.

As with all software, users must be satisfied with the answers
these spreadsheets give and be confident in their use. These
spreadsheets can never be fully validated but have been
through beta testing, both formally and informally, through
members of the Advisory Group. However, users must satisfy
themselves that the uses to which the spreadsheets are put
are appropriate.

The initial spreadsheets were put through what was termed
‘idiot-proofing’ to try and guard against strange numbers
being used. By its very nature, this exercise could not be all-
encompassing. Future developments, such as adoption of
European standards, might lead to use of concrete strengths
of 37 Nimm? (f, = 30, f_ = 37) and other material properties
strange to UK eyes. Another example is reinforcement
diameters of 14 mm that are used overseas.

Control

Users and managers should be aware that spreadsheets can
be changed and must address change control and versions
for use. The flexibility and ease of use of spreadsheets, which
account for their widespread popularity, also facilitate ad-
hoc and unstructured approaches to their subsequent
development.




Quality Assurance procedures may dictate that spreadsheets
are treated as controlled documents and subject to
comparison and checks with previous methods prior to
adoption. Users' Quality Assurance schemes should address
the issue of changes. The possibilities of introducing a
company's own password to the spreadsheets and/or
extending the Revision history contained within the sheet
entitled Notes! might be considered.

Managers might also consider making their own versions
into template files, i.e. a spreadsheet saved with an .xlt
extension instead of .xlIs. When the user opens one of these
files, a copy is opened with a numerically incremented file
name, i.e. Test.xlt will open as Test1.xlt. When the user saves,
the Save as dialog box opens instead of directly saving.

Application

The spreadsheets have been developed with the goal of
producing calculations to show compliance with codes.
Whilst this is the primary goal, there is a school of thought('®
that designers are primarily paid for producing specifications
and drawings which work on site and are approved by clients
and/or checking authorities. Producing calculations happens
to be a secondary exercise, regarded by many experienced
engineers as a hurdle on the way to getting the project
approved and completed. From a business process point of
view, the emphasis of the spreadsheets might, in future,
change to establishing compliance once members, loads and
details are known. Certainly this may be the preferred
method of use by experienced engineers.

The spreadsheets have been developed with the ability for
users to input and use their own preferred material
properties, bar sizes and spacings etc. However, user
preferences should recognise moves for efficiency through
standardisation. Another long-term objective is automation.
To this end, spreadsheet contents might in future be
arranged so that input and output can be copied and pasted
easily by macros and/or linked by the end-user. There are
counter-arguments about users needing to be closer to the
calculations and results in order to ensure they are properly
considered - see Appropriate use above.

We emphasise that it is up to the user how he/she uses the
output. The spreadsheets have been produced to cater for
both first-time users and the very experienced without
putting the first-time user off. Nonetheless, their potential
applications are innumerable.

Summary

With spreadsheets, long-term advantage and savings come
from repeated use but there are risks that need to be
managed. Spreadsheets demand an initial investment in time
and effort - but the rewards are there for those who take
advantage. Good design requires sound judgement based
on competence derived from adequate training and
experience - not just computer programs.

Familiarisation

Outline description

There are many different ways to present structural concrete
calculations. ‘Calcs’ should demonstrate compliance with
relevant design codes of practice, but different designers
want to investigate different criteria and want to set out
calculations in different ways. Spreadsheets cannot satisfy
everyone. The spreadsheets presented here have been set
out to cover the criteria that may be deemed ‘usual’. It is
incumbent on the user to judge whether these criteria are
pertinent and sufficient for the actual case in hand. It is also
incumbent on the user to ensure that the inputs are correct
and that outputs are of the correct order of magnitude.

The spreadsheets are intended to follow normal design
practice and cater for the design of low- to medium-rise
multi-storey concrete framed buildings. Each type of element
may be designed in several different ways, e.g. horizontal
frame elements may be designed using:

o Element design: design of simple elements to BS 8110:
Part 1@

‘Tabular design’: design of elements based on moment
and shears derived from BS 8110: Part 1 Tables 3.12 and
35

Analysis and design: design of elements based on
moments and shears from analysis, e.g. sub-frame
analysis, embodied within the spreadsheets.

Element design

The element design spreadsheets illustrate the basic
principles of reinforced concrete design from input material
properties, dimensions, moments, shears and axial loads, etc.
They form the basis of element design used in succeeding
spreadsheets. The moments, shears and axial loads used
should be derived from separate analysis (e.g. hand
calculations, sub-frame analysis spreadsheet or other analysis
package). For further explanation the user is referred to BS
8110 or a number of standard reference works" ' 13,

‘Tabular design’

The tabular design spreadsheets use Tables 3.12 and 3.5 from
BS 8110: Part 1 to automate the derivation of design
moments and shears. The use of these tables is, however,
restricted. For slabs, BS 8110: Part 1, Clause 3.5.2.4, restricts
the use of Table 3.12 to where:

* In a one-way slab, the area of a bay (one span x full
width) exceeds 30 m?

* The ratio of characteristic imposed loads, q,, to
characteristic dead loads, g, does not exceed 1.25

* The characteristic imposed load, q,, does not exceed
5 KN/m?, excluding partitions

o Additionally, for flat slabs, there are at least three rows
of panels of approximately equal span in the direction
being considered.
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For beams, Clause 3.4.3, Table 3.5 is valid only where:

Characteristic imposed loads, Q,, do not exceed
characteristic dead loads, G,

Loads are substantially uniformly distributed over three
or more spans

Variations in span length do not exceed 15% of the
longest span

If design parameters stray outside these limits, the
spreadsheets should be used with caution.

Analysis and design

To provide for more general application, these versions
combine sub-frame analysis with design. Spreadsheets for
one-way slabs, ribbed slabs, flat slabs and beams provide
powerful design tools. Sub-frame analysis is used in the post-
tensioned concrete design spreadsheet.

The flat slab spreadsheet is intended to be used one-direction
at a time. The post-tensioned concrete design spreadsheet
follows Concrete Society TR431 and involves sub-frame
analysis at various limit states. The principles used are
applicable to both beams and slabs with either bonded or
unbonded tendons. The examples of the retaining wall and
basement wall spreadsheets are based on common practice.

The sub-frame analysis spreadsheet, RCC21.xls, may of course
be used alone (and the elements designed by other means
such as RCC11.xls).

Column design

Column design is presented in, essentially, two different
ways; either an amount of reinforcement is determined or

Typical spreadsheet layout

Excel file name Cell reference
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the capacity of a section is checked - two valid design
approaches.

Under RCC11 Element Design.xls (or RCC11.xls for short),
the amount of reinforcement is calculated (by iterating to
find the neutral axis depth in order to solve two simultaneous
equations).

Under RCC52.xIs for single axis bending and RCC53.xIs for
two axis bending, N-M interaction charts are derived from
presumed reinforcement arrangements. Individual load cases
are checked against the capacity of the column with the
various reinforcement arrangements.

RCC51.xls is set out so that the user may undertake a
traditional column load take down, assess design moments
and critical axis before calculating the amount of
reinforcement required.

RCC12.xls determines the capacity of an unsymmetrical
reinforced column (or beam).

Others

Other spreadsheets provide for the design of pad
foundations catering for one or two columns, punching
shear, stairs (either as single flights and single landings or
flights and landings as in a stair core), small retaining walls
and basement walls. More detail and further references are
given within the spreadsheets themselves.

Layout

As with all software, spreadsheets have their own jargon.
The basic terminology for layout is shown on the following
screen dump.
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Sheet tabs (from RCC 41.xls)
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Each spreadsheet may contain several linked sheets (i.e.
layers or pages) that deal with different aspects of design.
The sheet's name on the sheet tab as illustrated above gives
an indication of the content. For the more involved
spreadsheets, individual sheets are devoted to a full
explanation of the design (with references for educational
and validation purposes) or analysis, etc, and other sheets
give an abridged version more in keeping with the
requirements of experienced practising engineers. Further
sheets may contain analysis calculations, data for graphs and
calculation of reinforcement weight. All spreadsheets have
a Notes! sheet where disclaimers, status and revision histories
relating to each spreadsheet are incorporated (sheet names
are differentiated by the use of an appended exclamation
mark).

Those sheets with names in capitals are intended for printing

out as design calculations: it is these sheets that are printed
out as examples in this guide. Other sheets are available to

Typical spreadsheet (RCC41.xls)

ACTIONS

Main graphical output of Bending Moment
Diagrams, and shear force diagrams, but
also input for redistribution

view in the spreadsheets. These may need to be printed for
checking purposes and parts of them, such as simple design
routines, may be pasted into word-processed calculations
(see Printing, page 14). Print-outs of [RCC41.xIs]Weight!,
Analysis!, Bar!, Graf!, and Notes!, and [RCC51.xls]Ltdcalcs!
and Stiffs! shown at the end of their respective sections give
typical illustrations of these types of ‘workings' pages.

The spreadsheets are intended to be as consistent as possible.
Generally, upper sheets consist of calculations, notes and
workings as illustrated in the example below, which gives
an indication of the contents of a typical spreadsheet. The
first sheet consists of input, followed by results of analysis,
design, weight of reinforcement, analysis, detailed design
with references, graph data and finally a revision history.

MAIN!
Main sheet
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— SPANS!
Design for sections of each span. Spans 3, 4, 5
and 6 follow on; extraneous spans blanked out.
Input of bar size and link size required

[RE R

Weight!
Calculation of reinforcement

== | Analysis!
Workings of the sub-frame analysis carried out
using moment distribnution

TIE g oaEs e feges f“E

sesbl BEEERoRasE

BAR!

Showing design of reinforcement with
reference to code requirements. Spans 3, 4, 5
and 6 follow on from 1 and 2

s ol

daggEea-- B8
310188
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= | Graf!
Data for graphs in charts

Notes! | bisclaimer
Disclaimers status and All advice or information from the British Cement Association and/or Reinforced Concrete Courcil is
,
revision history of

Spreadsheet from such advice or information is accepted by the BCA, RCC or their subcontractors, suppliers or
advisors. Users should note that all BCA eoftware and publications are subject to revieion from time to

intended for those who will evaluate the significance and limitations of ite contents and take
responsibility for its ues and application. No liability (including that for negligence) for any lose resulting
time and should therefore ensure that they are in possession of the latest version.

This spreadshest should be used in compliance with the accompanying publication *Spreadsheste for

concrete design to BS 8110 & EC2" available from British Cement Association, Telford Avenue, Crowthorne,
Berkshire RG4D &Y5.

Status of spreadsheet

Fublic release version,

Revision history RCC41 Continuous Beams (A & D)

Date | Version Action Size (kB)

First public release.

03-Aug-99 | RCCA1 V1.0 1029

Includes B version commente

Typical screen Iayouts checks, print boxes and combo-boxes. Box markers indicate
where checks have been carried out and have proved
) ) o ) satisfactory. Print buttons (buttons with macros assigned to
The calculations are intended to mimic hand-written  them) automatically print out the calculation sheets provided

calculations as far as possible with a little more explanation  that macros have not been switched off. Combo-boxes allow
by way of references to codes and derivation of numbers  coices between specified options.

than would usually be the case in normal submissions. Sheets

intended for printing out are divided into three sections, T the right hand side of many spreadsheets are intermediate
calculations, operating instructions and workings. The  calcylations, data for graphs, etc. These ‘workings’ are not
output is intended to be sufficient to allow detailing,  considered vital to understanding the calculation: they may

although the designer should always consider and allow for  nonetheless be viewed and investigated. ‘Workings' may also
rationalising reinforcement both within and between  pe contained on supplementary sheets.

elements. The example below is from RCC11.xls. In this case,
the sheet designs solid slabs from moments, shears, material
data etc that are input by the user. Input cells are in blue
and are underlined (so they can be recognised in black and
white versions).

Upper sheets

The cells under Operating Instructions contain help and error
messages that are intended to help the user with the correct
operation of the spreadsheet. They also contain variously




GENERAL NOTES

Typical screen layout

Calculations
This is the area that will print
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I out using the automated I messages, etc. pertinent to the looking at the workings of the cells. Workings
| print button | design can be extensive and whole sheets may be
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GENERAL NOTES

Other sheets Notes!

These sheets are not necessarily intended for printing out  The Notes! sheet illustrated at the bottom of the page shows
and may not be understandable without reference to the  the disclaimer, status and revision history of each
printed calculations. For instance, in the case shown  spreadsheet. The disclaimer and status should be read and
imediately below (from [RCC52.xls]Calcs!) the N-M  understood. The revision history provides a record of the
relationship for 32 mm diameter bars in this particular  spreadsheet being used and may provide a basis for users’
column is being calculated for increments of neutral axis QA procedures. The revision/version and name of the
depth. Many iterations are required in order to construct  spreadsheet shoud appear on all print-outs. This example is
the N-M graph. There are therefore many calculations and  taken from [RCC52.xls]Notes!

these are set out in tables. The volume of calculations makes

it difficult to produce legible print-outs on a limited number

of sheets.

Example of other sheet
32 Bar diameler

a4 = 54 mm d= 246 mm Asc= 48255 mm?
N=0 equadratic a = 4221.000 b = B9 £9.70 c= -9E+07
n max = e57.5 Interval = 2.666 (24 intervals between N=0Oand Nbal)
N=0 (solve forzero N)
n Neutral axls P59 95.25 97.92 10058 108.25 106.9 10858 11.24 112.9
Fc Conc comp force | HA0EL1 402060 | 4185917 A245C0 | 450814 | 447062 | 458510 | 4cBh8 | 420807
¢ strain Steel comp strain [ 0.001 46 | 000162 [ 000157 000 e | cooel | 0OOT2 | COOT76 | 000180 | 00O &4
tstrain Steel tens strain | OQ.00BE0 | 0.00B54 | 0.00B29 | O.00B06 | O.0C484 | 0.00AGS | 000445 | 0.00424 | 0.00400
foc Steel comp stress| 276,11 287.55 298.5% 20856 5 826 527.47 596.25 244.57 252.52
fot Steel tens stress 4581 4581 4581 4581 42581 4581 458.1 4581 4561
Fec Steel comp force | G661 91 COBTAT | 719804 | 744480 | 767882 | 790107 | 811240 | 821362 | 850541
Fst Steel tens force [ 1057011 | 1057011 | 1057011 | 1087011 [ 1057011 | 1087011 | 1087011 | 1087011 | 1087011
z Conc lever am 204.5% 20814 201.94 20074 19954 19624 19714 195.94 194.74
N Fc + Fec - Fot 0.00 26.80 7611 112.05 14668 18016 212.54 242.9 274.24
M MO R 207.77 21115 214.26 2174 22031 222.08 22571 22821 220.60
Labels for chart
N diff 26.0 57.20 25.92 4.0 25.47 22.58 .57 2045 29.55
M diff 3.26 2.21 2.05 2.90 276 2.65 2.51 2.29 228

Notes! sheet

Disclaimer

All advice or information from the British Cement Association and/or Reinforced Concrete Council
is intended for those who will evaluate the significance and limitations of its contents and take
responeibility for ite use and application. No liability (including that for negligence) for any loes
resulting from such advice or information is accepted by the BCA, RCC or their subcontractors,
suppliers or advieors. Users should note that all BCA software and publications are eubject to
revision from time to time and should therefore ensure that they are in possession of the latest

version,
This epreadsheet should be used in compliance with the accompanying publication ’Spreadsheets

for concrete design to BS SN0 and ECZ2’ available from British Cement Association, Telford
Avenue, Crowthorne, Berkshire RG45 6Y5.

Status of spreadsheet

Public release version.

Revision history RCC52 Column Chart generation

Date Version Action Size «B)

First public release.

06-Aug-992 | RCCH2v1.0 2032

Includes B version comments




Using the spreadsheets

Using the spreadsheets for the first time /
Frequently Asked Questions
Base versions

Initially, always start from the base versions on the CD-ROM.
If in doubt, go back to the version on the CD-ROM. These
safeguards are to avoid using corrupted or bespoke files.
Eventually, familiarity with the spreadsheets and Quality
Assurance procedures may overtake this basic precaution.

Please note that whilst all spreadsheet cells, apart from input
cells, are covered by nominal protection, it is possible to
change the contents of cells. Original versions by RCC can
be sourced from the RCC's CD-ROM or website. Also, please
note conditions of use and disclaimers associated with the
use of the spreadsheets contained within the sheet titled
Notes! and elsewhere in this User Guide.

Excel

The spreadsheets are normal Excel ‘97 files. Excel '97 (©
Microsoft Corporation) is a standalone package or may be
included as part of the Microsoft Office '98 package on PCs
or Macs. The files are compatible with Excel 2000, part of
Office 2000, and are likely to be compatible with future
versions of Excel. Those not familiar with Excel are directed
to the Help functions within Excel and relevant literature
available at book and computer shops.

Please note that the spreadsheets will not necessarily work
with previous versions of Excel (e.g. ‘95, 5.x etc) or other
spreadsheet programs. This is due to incompatibility between
software and backward incompatibility between versions.
(To check which version of Excel you are running see sign-
on screen, or Help/About Microsoft Excel or see Printreg.xls
under Administrative files.). Those running Excel 2000 are
advised to use the Save As/ .xls function to avoid inordinately
large file sizes.

Long file names

The base versions of the spreadsheets are saved with long
file names to aid familiarity with each spreadsheet's purpose.
Some software and networks only recognise eight characters
for a file name. In use, users may be requested by the system
to allow abbreviated names, e.g. RCC11.xls .

As shorthand, the spreadsheets are generally referred to by
their number rather than their name in full, i.e. RCC11.xIs is
used as shorthand for RCC11 Element Design.xls.

Loading a spreadsheet for the first time

Under Windows '95, ‘98 or NT insert the spreadsheet CD-
ROM into the CD drive (drive D: assumed). A spreadsheet
can be loaded using one of the following methods:

¢ From 'My Computer’, double click on My Computer,
double click on D (assumed CD drive), then double click
on spreadsheet of your choice. Excel will boot up and

most probably warn about macros before loading the
spreadsheet fully. In order to proceed, enable macros
(see below).

o Successively click Start/ Programs/ Microsoft Explorer.
Double click on CD Drive (D). Double click on the
spreadsheet of your choice, e.g. RCC11.xls. If not
already loaded and available, Excel will boot up and
load up with RCC11.xIs

o Successively click Start/ Programs/ Microsoft Excel. Once
Excel has booted up, click on File in top menu bar/
Open/ Look in and scroll through to the CD Drive.

No installation program per se is included. Under file
managers such as Microsoft Explorer, the CD-ROM versions
of the spreadsheets can be dragged and dropped into an
appropriate folder specified by the user. Alternatively, from
within Excel, the spreadsheets can be loaded directly from
the CD-ROM - but should users wish to save the modified
spreadsheet, it has to be saved to an alternative drive.

Macros

When loading the individual spreadsheets, Excel may warn
you about the presence of macros. All the macros provided
in the files are either to allow automated printing of the
‘calculations’ or to provide choices by way of combo-boxes.
The printing macros have been assigned to buttons. Turning
the macros off will not affect the actual function of the
spreadsheets but will make printing of the sheets as
configured more difficult and make the choice of options
very much more difficult.

Fonts

Unless the appropriate fonts Tekton and Marker (supplied
in the CD-ROM) have been installed by the user, the
appearance on screen will be different from that in the
publication and from that intended. These condensed fonts
have been used to emulate a designer’s handwriting and to
allow adequate information to be shown across the page
and in each cell.

If problems are experienced it is most likely that the fonts
on your computer screen will have defaulted to the closest
approximation of the fonts intended (e.g. the toolbar may
say Tekton but a default font such as Arial will have been
used). The spreadsheets will work but not as intended - ends
of words may be missing, and numbers may not fit cells
resulting in a series of hashes, #####. Column width and cell
overlap problems occur only when the correct fonts are not
loaded.

It is strongly suggested that the Tekton and Marker fonts

are copied into your computer's font library. This may be

done in the following manner, either:

o Start/ Settings/ Control Panel/ Fonts/ File/ Add Fonts and
when asked “copy fonts to system directory” say yes.

or



¢ Through Microsoft Explorer and copying (or dragging)
the font files into your font library, usually contained in
Windows/ Set-up/ Fonts.

Default font size

Even with the correct fonts installed, the appearance of the
sheets might be different from those in this publication.
This may be due to the default font size on the user's
computer being different from the font size 12 used in the
development of the spreadsheets. For instance if the user's
default font size is 10, pages will appear and print narrower
than intended (as unformatted cells will revert to a narrower
cell width than intended).

Please ensure that the default font size is set at 12. (Tools/
Options/ General/ Standard font and size). If standard font
or size is changed it will become effective only after
rebooting Excel. While the spreadsheets were developed
using Tekton 12, many True Type font size 12 (e.g. Arial or
preferably Times New Roman 12) may give adequate
presentation.

If a series of hashes (#####) still appears, it may be necessary
to resize the column width.

Screen view

The spreadsheets have been developed assuming that part,
if not the whole, of the Operating Instructions column is in
view. This column contains comments, instructions, checks,
explanations etc. and is important to the correct operation
of the spreadsheets.

Generally, a screen zoom of 75% has been used as a default
size on the sheets. Occasionally, other zoom sizes have been
used in order to aid comprehension.

Input

In the spreadsheets, input data is blue and underlined. New
data may be input by overwriting default values or by
entering values in 'greyed out’ cells. Entering data in far-
left greyed-out cells will also remove the grey conditional
background to other cells, which will then require data entry.
Some input cells refer back to data on previous sheets within
a workbook. These are coloured magenta, but change back
to blue if other data are entered.

Do not copy and paste input from one cell to another as
this may cause formatting and other errors. Do not use
Space, Enter (the space equals text). If similar input is
required in other cells then use ‘= cell reference’ with caution,
e.g. '=B16" in the appropriate input cell.

All non-input cells should have nominal protection and the
contents of these cells can be overwritten only if the user
has taken positive steps to overcome protection in order to
overwrite original contents.

In the page headers the 'Made by’ and ‘Checked’ boxes
should be completed or cleared by using a blank or hyphen;
clearing the cell completely would produce ‘0’ on subsequent
sheets.

Values in red or red backgrounds

During operation, values in red or cells with red backgrounds
flag either incorrect data to be changed or excess data to be
cleared (manually). Even using Space as an entry might
generate red backgrounds.

If you make a mess of it

Start again from the base version of the spreadsheet on the
CD-ROM.

Printing
The sheets may be printed out in several ways:

¢ Through the automated print buttons in the
spreadsheets (using these print macros will over-write
print areas defined elsewhere)

¢ Using the Print icon on Excel’s standard toolbar
o Using File/ Print within Excel

¢ Copying and pasting (special) parts of the spreadsheets
to a word processor or other package. (Pasting (special)
into a word processor file as a bitmap produces a
wysiwyg image.

o Pasting as other formats will probably require some
pre-copying formatting of the spreadsheet and/or post-
formatting of receiving cells.)

Print areas may be defined by:

o Highlighting area then clicking File/ Print Area/ Set
Print Area

¢ Clicking View/ Page Break Preview and adjusting
boundaries to suit

Print previewing can be achieved using the Print Preview
icon on the standard toolbar.

Print formatting

Different hardware and software are configured in many
different ways. This situation leads to many variations on
the actual print from individual printers. Best results are likely
to be obtained from Windows printers but even these may
not produce printing that is identical to that in this
publication. Some manipulation for printing with your
configuration may be inevitable. See also Printreg.xls under
Admin files.

Auto complete

Excel's facility for AutoCompleting cells (e.g. entering ‘T’
might auto complete to ‘Type’) can be a mixed blessing. In
most spreadsheets it should be turned off via Tools/ Options/
Edit and clearing the Enable AutoComplete for cell values
box.



Help

Help is available from this User Guide, Spreadsheets for
concrete design to BS 8110: Part 1 and EC2. This can be read
as either:

¢ 2 colour printed copy available from BCA Publication
Sales

¢ In full colour through the Adobe Acrobat file
UserGuid.pdf on the CD-ROM. A copy of Adobe
Acrobat Reader will be required to read this file. If not
already installed on your computer, a copy is available
for installation on the CD-ROM. This facility is provided
courtesy of Adobe and is subject to their conditions of
use

¢ As the Word document UserGuid.doc (text only) also
available on the CD-ROM.

Help is also available at the following places:
o Within Excel under Help

¢ To the right hand side of the spreadsheets, cells under
Operating Instructions contain help and error messages

* Queries should be e-mailed to rcc@bca.org.uk.
Preference will be given to those who register and
quote their password, but the RCC cannot guarantee to
reply. See Shareware registration below. The RCC
regrets that telephone enquiries cannot be dealt with.

Continued use
Shareware

These spreadsheets are offered as shareware. This can be
considered a ‘try before you buy' system where you are
expected to pay the program authors a registration fee if
you find the programs useful or if they are used for
commercial design. In general you may pass on copies of
shareware programs to colleagues within the UK, although
commercial (for a fee) distribution requires special written
permission from the publisher.

Shareware registration

Designers who use this software in the course of their work
are requested to pay a registration fee of £50 + VAT per
office where the spreadsheets are used. The registration will
cover spreadsheets to both BS 8110 and EC2. In order to
register please either use a print-out of Printreg.xls (see
under Supporting folders page 152) or take a copy of this
page, fill it in and return with payment to The Reinforced
Concrete Council. Separate conditions apply for use outside
the UK and for educational establishments - please apply in
writing.

Registered User
Name:
Organisation:
Address 1:

Address 2:

Town:

County:

Postcode (& Country):
Phone:

Fax:

E-mail:

Nature of business:
No. of employees

Cheques payable to: ‘The Reinforced Concrete Council’
Send to: Reinforced Concrete Council, Century House,
Telford Avenue, Crowthorne, Berkshire RG45 6YS

Benefits of registration
Registrants will receive:

* Areceipt

* A password

* By quoting their password, preferential treatment with
regard to support

* By using their password, free access to download any
new or updated spreadsheets that may be made
available on the RCC's website at www.RCC-
info.org.uk.

Registration will be valid for at least one year. Beyond that
period the RCC reserves the right to charge for downloading
updates in order to cover costs.

Support

E-mailed questions, comments, developments and
suggestions are welcomed. Send them to rcc@bca.org.uk.
The RCCregrets that it cannot guarantee to reply or to enter
into correspondence. Preference will be given to those who
register and quote their password. The RCC regrets that
telephone enquiries cannot be dealt with.

Updates

Itis intended that the RCC's website (www.RCC-info.org.uk)
will include updated versions of the spreadsheets. These will
be downloadable by registrants who can supply their valid
password.

Conditions of use: disclaimers

A fundamental condition of use is that the user accepts
responsibility for the input and output of the computer
and how it is used.




Whilst the spreadsheets have been checked with all
reasonable care and diligence, they cannot be guaranteed
for use in every every eventuality.

Validation was held to be extremely important by the
Advisory Group but these spreadsheets can never be fully
validated. However, they but have been through beta
testing, both formally and informally, through members of
the Advisory Group and others. Users must satisfy themselves
that the uses to which the spreadsheets are put are
appropriate. Users must have read, understood and accepted
the disclaimer contained on the inside front cover of this
publication (and repeated in the sheet named Notes! in each
spreadsheet).

Change control
Nominal protection

Users and managers should be aware that the preadsheets
can be changed. Beyond nominal cell and sheet protection,
the files are open and can be changed. There are several
reasons for this:

¢ The files can be customised by users to their own
preferred methods of presentation and design (e.g.
deflections might be calculated to part 2 of BS 8110;
individual firms or project logos might replace the
RCC's logo)

¢ The protection should stop inadvertent changes and
corruption of cells

¢ Developments and improvements can be made and fed
back to the RCC. Such feedback is encouraged and
allows a wider consensus to be gained

* Protection can always be overcome by determined
users

o Fully protected files can hide cell contents

¢ Spreadsheet emulators are at present unsuitable for
these particular applications

o Different designers want different facilities available to
them and should not be restricted

The spreadsheets are all protected (but with no password).
In other words users have to do something positive if they
are to change any formulae, and must therefore take
responsibility for any deliberate or accidental changes. The
project’s Advisory Group held this to be a sensible position.

Users and managers must address change control and
versions for use. The RCC can only control the base versions
issued on CD-ROM (and web page). The published examples
can be used as record copies to help identify changes. Users’
Quality Assurance procedures may dictate the use of more
sophisticated protection measures.

Development

The protection may be over-ridden to allow customisation
and individual development. Any development of the
spreadsheets should be undertaken by experienced staff who

have a good understanding of the problems and pitfalls of
both design and spreadsheets. It may take an experienced
engineer four or five times longer to prepare a spreadsheet
than it would to produce the equivalent manual calculation:
robust, commercially acceptable spreadsheets may take 50
times as long. They can take even longer to test, check and
correct. Only repetition of use makes the investment of time
worthwhile.

With relatively open files, designers are at liberty to alter
the spreadsheets as they wish. However, they must satisfy
themselves that any alterations are correct and do not
interfere with any other aspect of the spreadsheet in
question and conform to any QA procedures.

Notwithstanding the above, copyright of the spreadsheet
contents remains with the BCA for the RCC. Altered or
amended versions of the spreadsheets may not be sold or
hired without the written permission of the RCC.

Please inform the RCC of any major discrepancies found or
improvements made.

Saving files/file management

Many users save spreadsheets to a directory and/or folder
of their choice. This is particularly true where spreadsheets
pertaining to a particular project are saved to a folder given
the project’s name.

Assumptions made

During the course of development of these spreadsheets, a
number of structural and computing assumptions have been
made. These are discussed below

A_enhancement

Several of the spreadsheets contain automatic routines that
increase A, in order to reduce service stress f and therefore
increase modification factors in order to satisfy deflection
checks. The ‘A _enhancement’ values are the percentages by
which A, required for bending are increased in order to
satisfy deflection criteria.

Reinforcement densities

Some spreadsheets give an indication of weight of
reinforcement in the margin under Operating Instructions.
These densities should be used with great caution. Many
factors can affect actual reinforcement quantities on specific
projects. These include different methods of analysis, non-
rectangular layouts, large holes, actual covers used, detailing
preferences (curtailment, laps and wastage), and the
unforeseen complications that inevitably occur. As may be
examined in the sheets entitled ‘weight’, the densities given
relate to simple rectangular layouts and the RCC's
interpretation of BS 8110. They make no specific allowance
for wastage.



The densities assume that the areas or volumes of slabs are
measured gross, e.g. slabs are measured through beams.
Beam reinforcement densities relate to web width multiplied
by overall depth

Rationalisation of reinforcement

Although it may appear that many of the spreadsheets give
least-weight solutions (hence more bars, more work), the
amounts of reinforcement derived are actually accurate (and
not necessarily rationalised). It is intended, therefore, that
the amounts of reinforcement derived from the spreadsheet
should be considered as minima.

Redistribution

The spreadsheets with analysis allow redistribution in
accordance with BS 8110: Part 1, Clause 3.2.2.1. The user
may choose between three options. These options do not

Redistribution of moments: options for
calculating span moments

affect redistribution at supports but do determine how span
moments are calculated, as shown in the following table.

The user should specify more rationalised reinforcement
layouts to the detailer. Rationalisation should be done
manually - there would seem to be too many variables and
personal preferences to enable automatic rationalisation. A
detailer can always close up spacing and/or reduce bar
diameters if desired.

Most often the spreadsheets require bar size as input, rather
than bar spacing. This can lead to unusual, but correct,
spacings. Where bar diameter input is available, it may be
worth investigating larger bars (at larger centres). For
instance, in the design of a flat slab it would probably be
preferable to use 4828 larger bars at greater centres rather
than 6840 smaller bars at small centres (weight is marginally
different, 82.5 kg/m?® c.f. 80.8 kg/m®). This results in 30%
fewer bars compared with 2% extra steel. Rationalised
arrangements with least number of bars without breaking

Spead- | Design Design span moments
shefzt support Support moment from
option [ moment . .
which span moment is
number
calculated Comments
0 M B,M Design span moments will probably be less than elastic
moment (minimum of 70% of elastic moment).
This option may lead to a kinked bending moment diagram as
the 70% kicks-in in the spans.
In the case of thin sections such as slabs, consideration of span
deflection and service stress often leads to reinstatement of any
reinforcement theoretically saved.
1 M Minimum of Design span moments might be less than elastic
p,MandM_/p, moment but less likely than with option 0.
Increasing the minimum support moment for the calculation
of span moment from M_ to M_ /B, is seen as a sensible
compromise between options 0 and 2.
2 M Minimum of Design span moments cannot be less than than
B,Mand M_, elastic moment.
Most often used but if, typically, 20% redistribution is
specified at supports, design span moments will increase by
about 10% over elastic span moments.
Again, in thin sections, consideration of deflection and service
stress can limit additional amounts of reinforcement due to
increased span moment.
Where
B, = (moment after redistribution)/(moment before redistribution)
=100% - % redistribution requested
M = elastic moment at support, all spans loaded
M., =maximum elastic Moment at support, alternate spans loaded




the spacing rules and least number of bar marks are always
preferable. Eventually, it may be possible to automate this
process, but for the time being it is between the program
user (i.e. the designer) and the detailer to decide how to
rationalise bar arrangements. Any estimates of
reinforcement must take this process into account.

Other spreadsheets tend to size bars in such a way that
minimum centres (or clear spacings) are not exceeded.

It is assumed that issues of detail will be considered by the
engineer and detailer. Issues such as radius of bottom bars
and beam bearings, space between bars in narrow beams,
spliced bars at supports of beams, connection details, etc.,
need to be considered.

Imposed c.f. live loads

Loosely, Imposed load is taken to be the characteristic load
input by the user. Live load is taken to be that part of the
ultimate load that is not characteristic dead load (i.e. Live
load=n-g,).

#DIV/0! (Divide by zero) errors

In some spreadsheets, #DIV/0! results may arise and be
displayed. In sheets intended for printing out, #DIV/0!
indicates an error in or invalid input. In sheets of workings,
they have no relevance to the validity of the sheet or the
spreadsheet as a whole.

Please note that in many cases, but not all, a very small value
has been used rather than zero in order to avoid #DIV/0!
(divide by zero) problems in Excel, e.g. [RCC53.xls]Cases!
13:B18 where = IF(ERROR(G3),0.000001,G3) has been used.

Linking spreadsheets

To avoid complications, links between different spreadsheets
have not been used. Nonetheless, for the experienced user,
linking provides a powerful tool. The results of one
spreadsheet can be linked through to become the input for
another, or project data can be auto-loaded. This minimises
the amount of input required and at the same time reduces
the scope for error in data transfers. For example, the results
of a beam analysis can be carried through to beam design.
Any links created by the user are at his or her discretion.

Deflections

Deflection checks are based on span:depth criteria in the
codes. Estimates of actual deflections are not yet available
within the spreadsheets.

Analysis: cantilever deflections and support
rotation

Support rotations are ignored. Support rotation cannot be
determined except as part of a rigorous deflection analysis.
Rotations cannot be easily derived from moment
distribution, and in any case, gross section slopes are of little
or no value. It is assumed that BS 8110's usual deemed-to-
satisfy L/d checks (“rule of thumb") are adequate.

If support rotations are expected to be critical additional
checks should be undertaken.

Sign convention

Sagging moments are considered to be positive moment and
are plotted downwards. This convention was used so that
Excel plots the bending moment diagram in the direction of
the deflected form (the right way from the engineer’ s point
of view!).

Screen resolution

The spreadsheets have been developed in 1024 x 768
resolution, so that their appearance will be acceptable
between SVGA (800 x 600) and 1280 x 1024. They will
obviously work in VGA (600 x 480), but higher resolutions
are recommended.

Y2K

The spreadsheets rely on Excel and the users’ systems being
year 2000 compliant.



RCC11 Element Design.xls

RCC11.xIs includes sheets for designing

¢ Solid slabs,

¢ Rectangular beams,

¢ T beams (and ribbed slabs) for bending,

¢ Beam shear and

¢ Columns with axial load and bending about one axis.

RCC11.xls designs elements to BS 8110: Part 1, 1997. It is
assumed that loads, moments, shears, etc. are available for
input from hand calculations or analysis from elsewhere. A
governing criterion can be deflection; span-to-depth ratios
are used as per BS 8110: Part 1, Clause 3.4.6.

SLAB!

This sheet allows for the design of a section of solid slab in
a single simply-supported span, in a continuous span, at
supports or in a cantilever. These choices have a bearing on
deflection limitations and the user should choose the
appropriate location from the combo-box to the right hand
side. The user may also choose to allow for no or nominal
compression steel; this again affects deflection factors. To
an extent the spreadsheet will automatically increase
reinforcement in order to lower service stresses and enhance
allowable span to depth ratios. The spreadsheet allows a
certain amount of theoretical over-stress as defined by the
user in cell M7. Engineering judgement is required to ensure
that any over-stress is acceptable and that specified
reinforcement is sensibly rationalised.

The example is taken from Designed and detailed . The
slight variance in reinforcement requirements is due to the
spreadsheet allowing marginal over-stress and allowing
centres in increments of 25 mm.

RECT~BEAM!

This sheet designs rectangular beams. The location of the
beam may be either in a single simply-supported span, in a
continuous span, at supports or in a cantilever. These choices
have a bearing on deflection limitations and the user should
choose the appropriate location from the combo-box to the
right hand side.

When considering span reinforcement, the spreadsheet will,
where necessary, automatically increase reinforcement in
order to lower service stresses and enhance allowable span-
to-depth ratios. In checking deflection, the sheet entitled
RECT~BEAM! includes two bars of the specified
reinforcement diameter to derive a modification factor for
compression reinforcement. The facility to specify additional
compression reinforcement to enhance span-to-depth ratios
is contained within TEE~BEAM!

ELEMENTS — RCC11

SPREADSHEETS TO BS 8110

The example is taken from Designed and detailed '®. The
expression for area of tension steel required may be
unfamiliar to some and is explained below:

As =(39 x 10%390.0 + 242.5 x 10%/381.1)/438.1
=(M-MJ/d-dT]+ Mu/z)/(fy/ym)
=As' + Mu(ym/zfy)
= 1684 mm?

TEE~BEAM!

TEE~BEAM designs T beams and L beams in single simply-
supported span, end span, internal span or cantilever
locations. Again, these choices have a bearing on deflection
limitations and the user should choose the appropriate
location from the combo-box to the right hand side. With
respect to the effective width of the flange, the user may
also choose that the section is considered as a tee- or an
inverted L beam.

A default value for the width of the flange b, is calculated
and displayed as input. This cell may be overwritten if, for
instance, say the user wishes to allow for openings etc. The
default is calculated as being:

web width + 0.14 span for T beams, internal span
web width + 0.16 span for T beams, end span
web width + 0.07 span for L beams, internal span
web width + 0.08 span for L beams, end span

In the determination of compression steel, where the neutral
axis lies below flange, the concrete in web, bw, below flange
has been ignored. This is seen as a valid alternative to the
approach in Clause 3.4.4.5 .

In order to calculate the appropriate deflection factor for
compression reinforcement, there is a facility to specify
compression reinforcement. When considering deflection,
the spreadsheet will, where necessary, automatically increase
span reinforcement in order to lower service stresses and
enhance allowable span-to-depth ratios.

The example is taken from Designed and detailed . The
span could have been defined as an end span rather than
interior span: the part of the span in hogging would have
been greater than the 70% assumed and the width of the
flange could have been taken as being wider (1580 mm),
leading to some economy.

SHEAR!

This sheet checks beams or slabs for shear and calculates
any shear reinforcement required. It is hoped that the input
is self-explanatory.
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Providing the applied load is fundamentally a UDL, or where  the applied shear. Even in unbraced structures shear is rarely
the principal load is located further than 2d from the face  likely to be critical.

of the support, BS 8110: Clause 3.4.5.10 allows shear to be

checked at d from the face of support. Checks for maximum  The example is taken from Designed and detailed
shear (either 5.0 N/mm? or 0.8f °°) are carried out

automatically. A maximum link spacing of 600 mm is used;

this is seen as a sensible maximum.

The example is taken from Designed and detailed '*. The
value of shear used is that at d from the face of support i.e.
300.0 - (0.45 + 0.30/2) x 68.12 = 259 kN). The designed links
would be necessary for a distance of 1500 mm from this
position before reverting to nominal link arrangements. It
may have been more appropriate to have used T10s and the
full 300.0 kN shear at centre of support. This would have
lead to T10 @125 for 1750 mm from the centre of support.
(The difference in length of designed links is due to the
different capacity of the nominal links.)

Apart from punching shear, shear in slabs is rarely critical.
(See RCC13.xls.)

COLUMNI!

This sheet designs symmetrical rectangular columns where
both axial load, N, and maximum design moment, M_are
known (see BS 8110: Part 1, Clause 3.8.2, 3 and 4). It iterates
x/h to determine where the neutral axis lies. The sheet
includes stress and strain diagrams to aid comprehension of
the final design.

For simplicity, where three or more bars are required in the
top and bottom of the section, it is assumed that a
(rotationally) symmetrical arrangement will be required for
the side faces. This appears to be common practice, for small
to medium sized columns.

For more detailed consideration see RCC52.xls. In particular,
see RCC53.xls regarding the issue of side bars.

COLUMN! Assumes that the moment entered has already
been adjusted, if necessary, for bi-axial bending. For many
side and all corner columns, there is no other choice than to
design for bi-axial bending, and the method given in Clause
3.8.4.5 must be adhered to, i.e., RCC53.xls or sheets 2 and 3
of RCC51.xls should be used.

Theoretical shortfalls in area of up to 2% are considered to
be acceptable. In theory, negative amounts of reinforcement
required can be obtained but these are superseded by
requirements for minimum amounts of reinforcement in
columns. No adjustment is made in the area of concrete
occupied by reinforcement.

Maximum link centres are given. The routine in the area
L61:U81 investigates shear when, in accordance with Clause
3.8.4.6, M/N > 0.6h. In such cases either a maximum allowable
shear is shown where shear is critical, or input of shear and
number of legs in links allows the links to be designed for
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ELEMENT DESIGN o BS 61101 997

SOLID SLABS BEH oo

Originated from RCC11.xls on CD @ 1999 BCA for RCC

INPUT  Location D&D: interior span solid slab

Design moment, M 20.4 kNm/m feu 40 N/mmz ye = 1.50
3b 1.00 fy 460 N/mm? ys =1.05
span 5000 mm
Height h 175 mm Section location CONTINUOUS SPAN
Bard 12 mm
cover 20 mm to this reinforcement

OUTPUT D&D:inferior span solid skab Compression steel = None
d=175-20-12/2=149.0 mm

(B.4.4.4) K'=0.156>K =0.02% ok

(B444)  z=149.0[05+ (0.25-0.023 [0.9)e =145.1 > 0.95d = 141.6 mm

(3.4.4.1) As =2040EC /A0 N4 .6x1.05 =329 > min As = 228 mm2/m
PROVIDE T12 @350 = 323 mm?n -

(Eon &) fo = 2/5x 460 x 329 /225 /1 .00 = 31 2.2 N/mm?2

(Ean 7) Tens mod factor=0.55 + (477 -212.2) 120 (0.2 + 0.91 9) =1.305

(2.4.6.3) Permissible L/d = 26.0x 1.205 = 33.931
Actual L/d = 5000 N1 49.0 = 32.557 ok
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ELEMENT DESIGN o BS 8110:1 997
REINFORCED

RECTANG ULAR BEAMS BEE g

Originated from RCC11.xls on CD @1 999 BCA for RCC

NPUT  Location D$D: Mainbeam 1stFloor @niemal support

Design moment;, M 282.0 kNm fou 40 N/mmz ye =1.50
b 0.70 fy 460 N/mmz ys =1.05
Span 000 mm Comp cover 40 mm to main reinforcement
Height h 500 mm Tens cover 48 mm to main reinforcement
Breadth, b 300 mm Side cover 35 mm to main reinforcement
Tens & 25 mm
Comp d 12 mm Section location CONTINUOUS SPAN

OUTPUT D£D: Main beam 1stFloor @niemal support .
d =500 -48-25/2 = 429.5 mm

(3.4.4.4) K'=0104 <K =0122 compression steel re quired

(B.A4.44) z=429.5(0.5 + (0.25 - 0.1 04/0.9)™2 ) = 380.6 < 41 7.5 mm

(B.A4.44) x = (429.5 - 380.6) [0.45 =1 30.86 mm
d=40+12/2=46.0mm

Fig23)  Gross fse = 4381 Nfnm?2 from sirain diagram
(Fig33)  netfoc = 438.1 - 0.67 x 40 /1 .5 = 420.2 > ON/mm?

Excess M =M -Mu =282.0(0.122 -0.104) /0.122 = 40.0 kNm
Ag’ = 40.0EG /A20.2 [(439.5 - 46.0) = 242 mm?2
PROVIDE 3T12compression steel= 339 mm*
(Fig 3.3) fot= 4381 N/mm?2
As = (A0.0E6 [292.5 + 242.0E 6 [5280.0) [428.1 =1685 mm?2
PROVIDE ﬂTzE‘l‘engion sieel = 1963 mm? As enhanced by 7% for deflection
(Eon 8) fo = 25x460x 1,685 N ,965 /0.70 = 375.6 N/mm?2
(Table 311) Comp mod factor=1 + 0.257 /(3 + 0.257)=1.079<1.5
(Table 310) Tens mod factor = 0.55 + (477 - 375.6) 1 20 /(0.9 + 4.866) = 0.697 < 2
(3.4.6.3) Permissible L/d = 26.0x1.079x 0.697 =19.542
(3.4.61) Actual L/d = 8000 /429.5 =186.203 ok
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ELEMENT DESIGN o BS 811 0:1 997

SIMPLE TEE &L BEAMS o

......

Originated from RCC11.xls on CD @ 1999 BCA for RCC

INPUT  Location D&D: Mainbeam, 1stFloor 8m span

M 528.0 kNm fecu 40 N/mmz ye = 1.50
b 1.00 fy 460 N/mm2 ys =1.05
span 000 mm Comp cover 48 mm to main reinforcement

h 500 mm Tens cover 40 mm to main reinforcement
bw 300 mm Side cover 35 mm to main reinforcement
bf 1420 mm

hf 175 mm Section location INTERIOR SP AN

Tens & 25 mm Section type T BEAM
Top steel 2no&Ll2

OUTPUT D&D: Mainbeam, 1stFloor 8m span
d =500 - 40 - 25/2 = 447.5 mm
K’'=0156> K =0.029
(3.4.4.4) z = 447.5(0.5 + (0.25 - 0.029 /0.9)"2) = 432.7 > 425.1 mm
(3.4.4.4) x = (447.5 - 425.1)/0.45 = 49.7 mm
(2.4.4.4) As = 328.00EG /4251 1460 x 1.05=1761 mm?2
PROVIDE 4125 botiom = 1963 mm?
(E on &) fo= 2/3x460x 1,761 N ,963 = 275.1 N/imm?
(Table 311) Comp mod factor=1 + 0165 /(32 + 0165)=1.055<1.5
(Table 210) Tens mod factor = 0.55 + (477 - 275.1) 120 (0.9 +1.153) =1.370 < 2
(2.4.6.3) Permissible L/d = 20.6x1.053 x 1.570 = 30.001
(3.4.6.1) Actual L/d = 8000 /447.5 =17.877 ok ok
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ELEMENT DESIGN 0 BS 8110:1 997

BE AMSHE AR SRR gl

Originated fromRCC11 .xls on CD © 1999 BCA for RCC

NPUT LocationD&D: Nainbeam,1stFloor 8m span, RH end
fcu 40 N/mme yc =1.50 d b
fyl 250 N/mm?2 ys =1.05 450 200
Main S teel Link | Legs | Side cower| Shear V ubL
2 25 12 2 25 259.0 681
no mm & |mmgd| No mm kN kN/m

OUTPUT D$D: Main beam, 1stFloor 8m span, RH end
As =982 N/imm2 = 0.727%
(E an 3) v =259.0x103% /300 /450 = 1.91 9 N/mm?2
(Table 2.8)  vc = 0.06D N/mm?, from table 2.6
(v-ve)bv =3761 N/mm
PROVIDE 2legs R12 @125 = 430.8N/mm
Provide fordistance of 1500 mm
then nominal links = 2legs R12 @ 325
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RCC11

— COLUMN

ELEMENT DESIGN to BS &110:1997

SYMMETRICAL RECT-ANGULAR CONCRETE ) 'J_,,ETR
COLUMN DESIGN COLUMN DESIGN m A "
Origihated from RCClIxls on CD  © 1999 BCA for RCC
INPUT Location D&D: external column
Axial load, N 1026 kN feu 40 N/mm?
Moment, M 1UZ.0 kNm fy 460 N/mm2
height, h 200 mm fyv 460 N/mme
breadth, b 300 mm ym 105 steel
Max bar & 25 mm ym 150 concrete
cover (to link) 20 rmim Link & & mm
CALCULATIONS D&D: external column
fromM  As ={M - 0.67fcu.b.dc(h/2 - dc/2)}/[(h/2-d).(fec+fst).gm] (2441)

from N As = (N - 0.67fcu.b.dc/gm) / (fsc - fot)

(Figs 21,22 & 3.3)

where As = Ast = Asc: de=min(h,0.9x)

©7fculgm = 17.9 N/imme d = 505 mm
fy/gm = 4351 N/mme d= 2495 mm
from iteration, n.a. depth, x, = 1621 mm dc= 1639 mm
0.67 feub.dclgm = 8784 kN
Steel comp strain = 0.00253
Steel tens strain = 0.00120
Steel stress in comp. face, foc = 428 N/mm? (Comp. stress in reinf.)
Steel stress in tensile face, fot = 259 N/mma2 (Tensile stress in reinf.)
from M, As = 825 mm?2 from N, As= 825 mm?2
OUTPUT  D$D: external column o
As req’d = 825mmz2 T8B:-  PROVIDE 4729

(ie 2T25T&B - 9862mm2 T&B - 2.2% ol/a - @ 199c¢c.)

Links : - PROVIDE T8 @ 300

Sirain diagram Stress diagram 17.9 Nimire
0.00350
0.00253 438
Notes
f DO130 Stresses in N/mim”
-259 Compression +ve

-0.00227

- - - Neutral axis
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RCC12 Bending and Axial Force.xls

This spreadsheet gives an interaction chart for moment
against axial load for rectangular sections with asymmetrical
reinforcement arrangements. Initially intended for beams
with axial load it is also applicable to asymmetrically
reinforced columns.

MAIN!

Moments are considered to be about the x-x axis. All applied
loads and moments should be ultimate and positive, as
positive moments induce tension in the bottom
reinforcement.

With asymmetrical arrangements of reinforcement the
diagram indicates that negative moments are theoretically
possible. After much consideration, the diagram is
considered to be correct but strictly is valid only for load
cases where the member is operating above 0.1f  and with
at least minimum eccentricity. These limits are shown on
the graph. A reciprocal diagram is generated automatically
when top and bottom steels are reversed in the input.

Calcs!

Calcs! Shows the derivation of the chart where moment
capacity is calculated at intervals of neutral axis depth from
n.a. depth for N=0 to n.a. depth for N=N,_, then in
intervals fromn.a. depthforN = N, ton.a.depthforN=N ..
This sheet shows workings and is not necessarily intended
for printing out other than for checking purposes.
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REINFORCED CONCRETE
Project Spreadsheets o BS 8110 COUNGIL
Client Advisory 6 roup " Made by | Date Page
Location Beam C1-2,Level 3 RMVW | 30-Aug-99 25
BENDING AND AXIAL FORCE 1o BS 8110:1997 Checked | Revision Job No
Originated from RCC12.xls” on CD ©1999 BCA for RCC chg - R6G8
MATERIALS
feu 35 N/mm? ys 1.05
fy 460 N/mm? yc¢ 1.50
SECTION COVERS (v main steel)
450 mm TOP 30 mm
b 300 mm BOTTOM 30 mm
SIDES 30 mm
REINFORCENENT
Bar § No Area % Space
TOP 25 2 282 0.727 190.0
BOTTOM 32 2 2412 1.787 72.0

MN inferaciion chart for 450 x 300 secfion, ¢ 35 concrede.
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RCC13 Punching Shear.xls

This spreadsheet designs punching shear links. Essentially it
is intended to be used with simple rectangular flat slabs to
BS 8110 i.e. with RCC33.xls. Equally it can be used in
conjunction with RCC81.xls or to check wide beams in, say,
troughed slabs.

The spreadsheet is presented as four pairs of sheets dealing
with internal, edge, (external) corner and re-entrant corners.

It should be remembered that in slabs these traditional links
are time-consuming to fix on site - proprietary systems are
generally much quicker to fix on site and this far outweighs
first cost.

INTERNAL! (Similarly EDGE!, CORNER and
REENTRANT!)

These sheets constitute the input and main output. Input is
fairly self-evident but, as ever, care must be exercised in
ensuring correct values are used. The top diagram acts as a
legend and the chart at the bottom of the sheet shows the
column, any holes and link perimeters, and should act both
as a check for input and help explain output. The x-x axis is
across the page.

To the right is a combo-box that allows either:

* Input of both V, (design shear transferred to column)
and V_, (design effective shear including allowance for
moment transfer) is required. These figures should be
available from sub-frame analysis e.g. output from
RCC33.xls under Reactions (see p 50). A value of V
computed from V, and the factor according to location
of the column (see BS 8110: Part 1, Clause 3.7.6) is
suggested under Operating Instructions: in general this
figure may be regarded as a maximum: calculating
effective shear from moment transfer generally results
in lower figures.

or

* Input of V, alone. V . defaults to the values given in
BS 8110: Part 1, Clause 3.7.6

The areas of steel in the two directions should be averages
in each direction, i.e., ensure that it reflects the actual
reinforcement in the sides of the perimeter, an average of
column strips and middle strips as appropriate.

Except when checking column face shear, holes under half
the slab depth or % column side are ignored as in the second
paragraph of BS 8110: Part 1, Clause 3.7.7.7. Multiple holes
should be aggregated pro-rata as if they were one hole at
one position.

The shear at 1.5 d and at the first perimeter requiring no
reinforcement is shown under Results.

ELEMENTS — RCC13

The examples emulate the example used for RCC33.xls, i.e.
emanating from the in-situ building of the European
Concrete Building Project (ECBP) at BRE Cardington. V . is
given as an input. Reinforcement has been increased to T16
@ 150 (1340 mm?/m) both ways to increase v_to overcome
problems with rules regarding v > 2v_(see Clause 3.7.7.5).
As will be seen V . is less than 1.4V, In the case of edge
columns, a factor of 1.25 can be used if bending is about an
axis parallel to edge and 1.4 if perpendicular (Clause 3.7.6.3).
A worse case has therefore been taken.

Int Dets! (Similarly Edge Dets!, Corner Dets
and Re-ent Dets!)

These sheets show design calculations, determination of
critical perimeters, enclosed areas and link requirements
complete with references to BS 8110. They are not necessarily
intended for printing out other than for checking purposes.
The area load is deducted from V,, before V, is enhanced.

These sheets use the relationship V_/V, to calculate shear at
successive perimeters. Deductions for holes in the calculation
of shear perimeters are calculated by finding the angle
defined by the extremities of the hole. The projection of
this angle is deducted from the appropriate perimeter.
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Project Spreadsheets to BS 8110 ﬁ REINFORCED CONCRETE COUNCIL
Client Advisory Group " vace by Date Page
Location ECBP Typical Floor Column B3 INTERNAL| rmw 26-Nov-99 27
PUNCHING SHEAR to BS&110:1997 COLUMNY| checked Revision Job No
Originated from RCC13.xls onCD  © 1999 BCA for RCC chg - Res
MATERIALS feu  Nimn? 40 STATUS Legend

fyv  Nmm? 460 VALID DESIGN

link & mm & k
1 e
DIMENSIONS A mm 400 E mwm 200 3
B mm 400 F mm DO
G mm 120 H mm 150 P‘u
LOADING Vb W 9655 Veff= 10607

ult UDL  wNm? 1810

SLAB h mm 250 dx mm 215 Asx  mmiim 1340
dy mm 195 Asy mnfim 1340
aved mm 205 ave As % 0.655
RESULTS Veff= 1060.7 N ve= 07588 Nimm? (Table 5.8)
At col. face,v max= 3559  N/mm® At 15d perimeter,v= 13650 N/mm®

At 3.75d peritmeter,v= 0.6820 N/mn®
PROVIDE LINKS (single leg) . Fmmmm————— 4

Perimeter1 14 T8 @ 185 102 from col face
Perimeter2  AT8 @179 256 from col face
Perimeterd  17T8 @ 299 410 from col face
Perimeter 4 0 T8 @ 299 564 from col face

Plan Lo
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Project Spreadsheets to BS 8110 % REINFORCED CONCRETE COUNCIL
Client Advisory Gl'oup " Made by Date Page
Location Column B2 EDGE| rmw 26-Nov-99 28
PUNCHING SHEAR to BS8I10:1997 COLUMN{ creckea Revision Job No
Originated from RCCBxsonCD ~ © 1999 BCA forRCC th = Rsa
MATERIALS fou Nimm® 40 STATUS Legend
fyv  Nmmf 460 VALID DESIGN
link & mm & -
P % G
DIMENSIONS A mm 400 E mm :75 lg
B mm 250 F mm 275 A
D mm [0} G mm 150 F% E
H mm 150 T
LOADING vt W 5009 Veff= w6277
ult UDL  kN/m® 1810
SLAB h mm 250 dx mm 215 Asx  mnfim 2010
dy mm 195 Asy mmfim 1340
aved mm 205 ave As % 0.8
RESULTS Veff= 6277 ve= 08147 N/mn? (Table 3.8)
At hole face, vmax = 4.013  Nimm? At 15d perimeter,v= 15976  Nimm®
At 4.5d perimeter,v=0.6936 N/mnm’
PROVIDE LINKS (single leg)
Perimeter 1  NT8 @ 125 102 from col face
Perimeter2 16 T8 @ 120 256 from col face
Perimeter 3 T8 @ 280 410 from col face
Perimeter 4 12T8 @ 279 564 from col face —T B
Perimeter 5 13 T8 @ 300 717.5 from col face : : : : :-LE—I : : : : :
I [ 74
I : : [ 3 : : :
| |l _____ [
R
le L e e e I




ELEMENTS — RCC13 — CORNER

Project Spreadsheets to BS 8110 ﬂ REINFORCED CONCRETE COUNCIL
Client Advisory Group Made by Date Page
Location Columns A1, D1, A5 4 DS CORNER| rmw 26-Nov-99 29
PUNCHING SHEAR to BS&110:1997 COLUMN | creckeat Revision Job No
Originated from RCCBXsonCD  © 1999 BCA forRCC chg = R63
MATERIALS feu Nimn 40 STATUS Legend
fw N 460 VALID DESIGN ‘
link & mm & H-
v 0
DIMENSIONS A mm 400 E mm BO
B mm 250 Foomm =275
C mm QO G mm 150
D mm O H mm 150 c L J
T T
LOADING vt N 2720
ult UDL kN2 1810
SLAB h mm 250 dx  mm 215 Aex  mmPim 2010
dy mm 195 Asy mmim 2010
aved wm 209 ave As % 0.983
RESULTS Veff= 3400 ve= 08686 Nimn (Table 3.8)
At hole face, vmax = 3408 Nimm® At 15d perimeter,v= 1.681&  N/mni”

At 45d perimeter,v= 08243 Nimm’

PROVIDE LINKS (single leg)

Perimeter1 6 T8 @139 102 from col face
Perimeter2 8T8 @129 256 from col face
Perimeter3 $T8 @ 279 410 from col face
Perimeter 4 §T8 @ 260 564 from col face
Perimeter5 TT8 @ 299 7175 fromcolface [~~~ "7 7777 °

Plan
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Project Spreadsheets to BS 8110 ﬂ REINFORCED CONCRETE COUNCIL
Client AMSO’Y Gl'oup Made by Date Page
Location An example RE-ENTRANT| rmw 26-Nov-99 30
PUNCHING SHEAR. to BS&I110:1997 CORNER | criecked Revision Job No
Originated from RCC1xXisonCD ~ © 1999 BCA for RCC chg - R68
MATERIALS fou NmnE 40 STATUS Legend
v Nmm® 460 VALID DESIGN M
link & mm 8 c | A !
DIMENSIONS A 400 E 200 I W Jf M ¢
S w00 o oo 8 [T
C mm -100 G mm 100
D mm -100 H mm 100 E
LOADING Vi W 4780 Veff= N  BILG

ult UDL i 1610

SLAB h o mm 250 & mm 215 Asx  mnfim 1340
dy mm 195 Asy mmim 1240
ave d mm 20D ave As % 0.655
RESULTS veff= 5916 ve= 07588 Nimm? (Table 5.8)
At hole face, vimax = 2213 Nimm? At 1.5d perimeter,v = 1.0039 N/mm?

At 3d perimeter,v=" 06319  N/mm®
PROVIDE LINKS (single leg)

Perimeter1 T8 @ 240 102 from col face b __ B
Perimeter 2 8T8 @ 299 256 from colface ~ L____ 5
Perimeter 3  NT8 @ 285 410 from col face |

Plan L
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Project Spreadsheets to BS 8110 CONCRETE
Location Column B2 EDGE COLUMN =t
PUNCHING SHEAR to BS&8110:1997 Made by rmw  Job No RG&E
Originated from RCC13 xls on CD © 1999 BCA for RCC Date 19-Nov-99
DETAILED CALCULATIONS
Veffivt 12531  (enhancement factor) link leg area 50.5
Hole deduction ¢ YES
CRITICAL PERIMETERS ENCLOSED AREAS
Per No a Internal  Choose i deduct Final .1 Per No Edge D
1 2075 3760 21%0 248 186862 ] 0.566
2 46125 4990 2745 23 2422 2 0.941
3 615 6220 3560 399 2961 % 1.410
4 76875 7450 3975 474 3501 4 1.974
5 9225 8680 4590 549 4041 5 2.632
6 1076.25 2910 5205 624 4581 6 %.365
7 1230 1140 5820 699 5121 7 4,233
& 1283.75 12370 6435 775 5660 & 5175
Hole face 0 1200 9200 129 761 Hole face  0.100
Col face o} 200 o) 200 Colface  0.100
LINK REQUIREMENTS within
Per No v Asv TotalNo  Location  Band?
1 15976 1557 26.59 1504 1
2 12262 466 9.28 225d
3 0.9871 554 11.0% 300 d
4 0.8191 655 13.04 375 d
5 0.6936 756 0.00 450d
6 05957 857 0.00 0.004d
7 05166 958 0.00 0.00d
& 0.4510 1059 0.00 0.004d
Hole face  4.0128
Colface 3.3912
LINK PERIMETERS 147.9527
Per No a Internal  Choose n  deduct Final No  Spacing
1 1025 2120 1310 148 162 11 125
2 256.25 5550 1925 223 1701.8 16 120
3 40 4580 2540 2986 2241.6 10 280
4 563.75 5810 155 574 27815 12 275
5 7175 7040 3770 449 33213 13 300
6 871.25 8270 4385 524 3661.1 15 295
7 1025 9500 5000 599 4400.9 17 290
8 17875 10730 5615 G674 49407 19 290
9 13325 11960 6230 750 548605 20 300
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RCC14 Crack Width.xls a, is the distance from the point considered to the surface
of the nearest longitudinal bar. The input value is defaulted
Crack Width! to the distance at the point on the tension face midway

between two bars. However other values can be entered to
suit other locations, e.g. corner bars. The default value can
be reset by pressing the blue button on the right hand
margin.

In the design of reinforced concrete structures, it is assumed
that the tensile capacity of concrete does not contribute to
the strength of the structure, and steel reinforcement is
provided to resist the internal tensile forces that develop.
Because steel reinforcement can develop the resisting tensile
force only by extension (i.e. steel needs to extend to develop
stress), and hence causes cracks to form in the surrounding
concrete, cracks in reinforced concrete structures cannot be
avoided. In day-to-day practical design, crack widths are
controlled by limiting the maximum spacings of the tension
reinforcement. However there are times when the engineer
will need to carry out more rigorous analysis and calculations,
e.g. in the design of water-retaining structures, and design
for severe exposure where estimation/prediction of crack
width is important. This spreadsheet calculates crack widths
in accordance with BS 8110 and BS 8007.

Crack width limits are set as:

o BS8110: Part 1, Clause 3.12.11.2.1 0.3 mm - In 'normal’
reinforced concrete structures

¢ BS 8007 0.2 mm - In water-retaining structures under
severe Or very severe exposure

¢ BS 8007 0.1 mm - In water-retaining structures with
critical aesthetic appearance

In calculation of crack width, elastic theory with ‘cracked
section’ is adopted. Both BS 8110: Part 2 and BS 8007
appendix B gives the crack width formula.

W: 3xaCTXLm
142 =~
Oh-x O

In calculating crack width, w, the average strain, e_, at the
level where cracking is being considered allows a stiffening
effect, e, of concrete between cracks

b =0~ 0y

where e, is the theoretical strain at the level considered,
calculated on the assumption of a cracked section using half
the concrete modulus Ec to allow for creep effects

bx (h-x)?

2T 3xE, xA_ [d-x)

BS 8007 allows an additional enhancement factor of 1.5 in
calculating e, for structures designed with a crack width
limit of 0.1 mm. The spreadsheet provides an option to adopt
this enhanced factor if design crack width is limit to 0.1 mm.
To choose this option, select the blue ‘check box' on the
right hand margin.
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Project
: Spmadshee‘ls 1o BS 8110etc REINFORCED CONCRETE COUNCIL

Ch’emt‘ Advisory 6 roup SR Vade by Date Page
teet G rid line 1 RC 30-Aug-99 33

Crack Widih C alculafions fo BS 8110: 1997/8S 80071987 Checked Revision Job No

Originated from RCC14.xls on CD ©1999 BCA for RCC chg - R68
CRACK WID TH C ALCULATIONS -FLE XURE -

b
¥ plding & (0.5+fexbxx)
d x _NEUTRAL AXIS v _ | /.
h z
l As (fexAs)
| Lol . e |
L] €1 fe
INPUT
S feu= 35 N/mm?®
= = fy: 460 N/m’m
Area ofreinforcement” As "= 2093 mm-
NS = 1000 mm
3 N> D/A h = 250 mm
d= 200 mm
Minimum coverto tension reinforcement” CO " = 40 mm
Maxmum barspacing " S " = 150 mm
Bardia"DIA" = 20 mm

1
3
3

"ag " =(((86/2)"2+(C O +DIA2)2)(1/2)-DIAI2) as defaultorenter othervalue = .
"acr" is distance from the pointconsidered o the surface ofthe nearestlongitudinal bar

Applied service moment" Mg "= .0 KNm
CALCULATIONS ,
moduli of elasticity of concrete " Ec" = (1/2)"(20+0.2%fcu)= 135 KN/mm’
moduli of elasticity of steel"Es "= 200.0 KN/mm*
Modularratio" a "= (EsEc)= 14.81
"p" =Asbd= 0010
depth o neutral axis, "x" = (-a.p +((a.p)2 + 2.(x.p)0'6.d = &5 mm
"Z" = d-(x/2) = 172 ’
Reinforcementetress " fo ' = Ms/(As*Z) = 192 N/mm?
Concrete stress " fc "' = (f6*As)/(0.5"b ™) = o950  N/mm”®

Strain atsoffitofconcrete beam/slab " €1 " = (fe/Es)*(h<x)/(d~) = 0.001 375

Strain due o stiffening effectofconcrete between cracks " €2" =
2= b.(h=)/(BEs.As.(dx)) for crack widths of 02 mm  Used
€2=1 .5.I7.(h—><)2/(5.E 5.As.(dx)) for crack widths of 0.1 mm n/a
g2,= 0.0001 &9

Average strain for calculation of crack width " €, "= €1-€2= 0.001 186

Calculated crack width, " w " = d.a,.em/(1 +2.(a5-¢)/(h~x))
CALCULATED CRACKWITH, w'= 019 mm




ANALYSIS — RCC21

RCC21 Subframe Analysis.xls

RCC21 SubframeAnalysis.xls analyses sub-frames in
accordance with BS 8110 using moment distribution. Inputs
are required on two sheets.

MAIN!

This single sheet consists of the main inputs, most of which
should be self-explanatory. As in other spreadsheets, avoid
pasting input from one cell to another as this may cause
formatting and other errors.

The dimension of the flange width, b, is automated to be
either b +0.07 x span for Lbeams or b, +0.14 x span for T
beams.

Unwanted data cells are ‘greyed out'. The use of C, K, or E
can alter the characteristics of a support from cantilever to
knife-edge to encastre. Remote ends of supports may be F
for fixed; otherwise they default to pinned. Extraneous data
is highlighted in red or by messages in red. Under Operating
Instructions a number of checks, mainly for missing entries,
are carried out and any problems are highlighted. At the
bottom of the sheet a simplistic but to-scale arrangement
and loading diagram is shown. This is given to aid data
checking. It may prove prudent to write down expected
values for bending moments at each support down before
progressing to ACTIONS!

Also, under Operating instructions, the user should input
the type of redistribution required as explained more fully
under Redistribution (see page 17).

¢ 0 means full redistribution

¢ 1 limits alternate span upward redistribution to the
percentage specified

¢ 2 means no span moment redistribution

UDLs are input as line loads e.g. 4k N/m? for a 5.0 m wide
bay would be input as 20 kN/m.

Ultimate and characteristic support reactions are given at
the bottom of the sheet

ACTIONS!

This sheet includes charts showing the elastic bending
moment diagram, redistributed moment envelope, elastic
shear forces and envelope of redistributed shear forces.
These diagrams are based on data from the analysis
undertaken in Analysis! at 1/20 span points. Maximum span
and support moments are given.

The user is required to input desired amounts of
redistribution to the initial moments in line 26. Cell L14
allows three types of distribution according to the user’s
preference for calculating span moments (see Assumptions
made: redistribution). Redistribution input is included close

to the bending moment diagrams in order to give the user
control rather than relying on blanket redistribution.

The sheet also tabulates elastic and redistributed ultimate
shears and column moments according to the various load
cases.

Analysis!

This sheet details the moment distribution analysis carried
out but is not necessarily intended for printing out other
than for checking purposes

Graf!

This sheet comprises data for graphs used on other sheets,
particularly in ACTIONS! It is not necessarily intended for
printing out other than for checking purposes




ANALYSIS —

RCC21

— MAIN

Project: sl)madgheefg to BS 8110 REINFORCED CONCRETE COUNCIL
Client Advisory Gmup % Made by Date Page
Location Level 2, Beam on line 6 fromBtoE RMW 29-Nov-99 39
SUBFRAME ANALYSIS to BS8110:1997 Checked Revision Job No
Originated from RCC21.xlo on CD © 1999 BCA for RCC chg - RG8
LOCATION Supporte from grid B togrid E
SPANS
L (m) H(mm)  bw(mm)  hf(mm) Type  bf (mm) LOADING PATTERN
SPAN 1 7000 800 275 150 T 1255 min max
SPAN 2 12.000 600 275 150 T 2055 DEAD 1 14
SPAN 3 12.000 00 375 150 T 2055 IMPOSED 0 1.6
SPAN 4 8.000 600 275 150 T 1215
SPAN B
SPAN &
SUPPORTS
ABOVE (m)  H(mm) Blmm)  End Cond | BELOW (m) H (mm) B(mm)  End Cond
Support 1 295 400 300 E 210 400 300 P
Support 2 2.00 400 200 P 210 200 300 I
Support 3 Q.00 210 400 300 P
Support 4 K 300
Support B 400 400 300 |4 210 200 300 P
Support 6
Support 7
LOADING  UDLs (kN/m) PLs (kN) Position (m)
Dead Imposed Position Loaded Dead Imposed Position Loaded
Span 1 Load Load from left Length Span 4 Load Load from left Length
ubL 22.20 1280 ~emnn e UDL| 17250 BBO  ~vmnny e
PLI e PL1 24 2} 2000  ~wenw
eL2f(  ~eees PL2 5 18 4500  ~emnw
Part UDL Part UDL
Span 2 Span 5
upL 22.20 1250 ~evmnn s upbL
0 I PLA1
PL2 25 25 5000  ~evvew PL2
Part UDL Part UDL
Span 3 Span 6
upL 2442 865 ~mmmm mmmaw upbL
0 I PLA1
rL2  ~asee PL2
Part UDL 75 4.5 1500 2400 Part UDL
LOADING DIAGRAM
4
| 1
-
1
o
B E
REACTIONS (kN)
SUPPORT 1 2 3 4 5
ALL SPANS LOADED 153.5 7248 7786.3 478 4 75.0
ODD SPANS LOADED 177.7 465.9 5684 415.9 -86.2
EVEN SPANS LOADED 27.2 06210 030.4 2710 16.7
Characteristic Dead 72.8 2646 286.7 237.2 205
Characteristic Imposed 47 4 1427 148.1 914 462




ANALYSIS — RCC21 — ACTIONS

REINFORCED CONCRETE
Project Spreadsheets 1o BS 8110 g COUNCIL
Client Advisory G roup wanin [Made by Date Page
Location Level2,Beam online 6, fom B o E RMWW | 30-Aug99 | 36
SUBFRANE ANALYSIS to BS8110:1997 Checked Revision Job No
Originated from RCC21 xls on CD ©1999 BCA for RCC ch_g - Res

BENDING MONENTDIAGRANS (kNm)

B Elasfic Nomenis E B Redisiributed E nvelope E
SUPPORT No 1 2 3 4 5
Elastic M 9.3 7433 866.6 427.6 4.5 ~ KNm/m
Redistibuted M 20.5 557.5 694.9 406.2 2.6 ~ KNm/m
Rb| 0.950 0.7%0 0.800 0.950 0.950 ~ ~
Redistibution | 5.0% 25.0% 20.0% 5.0% 5.0%
SPAN No 1 2 3 4
Elastic M 185.0 ©53.1 400.1 121 .4 ~ ~ Based on support
Redistibuted M | 152.1 7468 3735 1188 ~ ~ moments of
Rb | o0.8p2 1.180 0.934 0.979 ~ ~ min(BbM, Mal#3b)
SHEAR FORCE DIAGRANS (kN)

4 M

\_ /
B Elasiic Shears E B Redisiributed Shears E
SPAN No 1 2 3
ElasticV| 191.0 %1 2.6 475.6 422.2 266.9 282.0
Redistibuted V| 177.7 302.0 422.6 433.2 45.1 273.7
SPAN No 4
ElasticV| 2054 11864 ~ ~ ~ N
Redistibuted V| 2047 1167 ~ ~ ~ ~
COLUNN MOMENTS (kN 1 2 3 4 5
ALL SPANS Above 21.0 &0.7 4.1
LOADED Below 15.0 2.9 -40.2 2.2
00D SPANS Above 55.6 0.7 17.5
LOADED Below 0.7 03 51.6 95
EVEN SPANS Above -22.7 1165 -22.2
LOADED Below 162 47.6 -108.0 4121




SLABS — RCC31

RCC31 One-way Solid Slabs (A & D).xls

This spreadsheet analyses and designs (A & D: Analysis and
design) up to six spans of one-way solid slabs to BS 8110
using continuous beam analysis. There is user input on each
of the first four sheets and choice of reinforcement for each
span is implicit.

MAIN!

This single sheet consists of the main inputs, most of which
should be self-explanatory.

The number of spans is altered by entering or deleting data
under L (m). Unwanted data cells are ‘greyed out'. The use
of C, K or E can alter the characteristics of the end supports
from cantilever to knife-edge to encastre. Extraneous data
is highlighted in red or by messages in red. Under Operating
Instructions a number of checks are carried out and problems
are highlighted.

For the purposes of defining load, the section is assumed to
be 1.00 m wide. At the bottom of the sheet a simplistic
loading diagram is given to aid data checking. Great care
should be taken to ensure this sheet is completed correctly
for the case in hand. It may prove prudent to write down
expected values of bending moments at each support down
before progressing to ACTIONS!

Support reactions are given at the bottom of the sheet.

ACTIONS!

This sheet shows bending moment and shear force diagrams
from the analysis undertaken in Analysis! The user is required
to input the desired amount of redistribution to the initial
moments in line 25. Cell J14 allows three types of distribution
according to the user's preferences. Requesting
redistribution at a cantilever produces a warning message
in the remarks column.

SPANS!

In SPANS! the user is required to choose top, bottom and
link reinforcement for each span. The amounts of bending
and shear reinforcement required and checks are derived
from detailed calculations in Bar! Unwanted cells are ‘greyed’
out.

Unless overwritten, reinforcement diameter specified for a
support carries through both sides of the support, i.e. the
diameter specified for the right hand support of a span
carries over to the left hand support of the next span. It
may be possible to obtain different numbers of bars each
side of the support due to differences in depth or to comply
with minimum 50% span steel; practicality should dictate
that the maximum number of bars at each support should
be used.

With regard to deflection, the area of steel required, A mm¥
m, shown under heading Design, may have been
automatically increased in order to reduce service stress, f,
and increase modification factors to satisfy deflection
criteria. The percentage increase, if any, is shown under
Deflection. With respect to cantilevers, neither compression
steel enhancement nor consideration of rotation at supports
is included.

Hogging moments at % span are checked and used in the
determination of top steel in spans. Careful examination of
the Bending Moment Diagram and Graf! should help to
determine whether any curtailment of this reinforcement is
warranted.

To avoid undue sensitivity, especially with regard to
deflection, reinforcement may be over-stressed by up to 2.5%

Please note that this example has a high point load near to
the first support. This load was chosen to illustrate that shear
is checked and that shear links can be designed. In more
usual circumstances, no shear links will be required and the
shear link diameter input at G22 should be deleted.

Weight!

Weight! gives an estimate of the amount of reinforcement
required in one direction of the slab per bay and per cubic
metre. Bay and support widths are required as input.

Simplified curtailment rules, as defined in BS 8110 Clause
3.12, are used to determine lengths of bars. The figures
should be treated as approximate estimates only as they
cannot deal with the effects of designers’ and detailers’
preferences, rationalisation, etc, etc. They do not allow for
reinforcement in supporting beams or for mesh.

Analysis!

This sheet details the moment distribution analysis carried
out but is not necessarily intended for printing out other
than for checking purposes.

Bar!

This sheet shows design calculations, complete with
references to BS 8110. It is not necessarily intended for
printing out other than for checking purposes. In many
instance service stress, f, has been set to 1.0 or 0.0001 N/
mm? to avoid problems with division by zero.

Graf!

This sheet comprises data for graphs used on other sheets,
particularly in ACTIONS! It is not necessarily intended for
printing out other than for checking purposes.




SLABS — RCC31

— MAIN

Project  §preadsheets fo BS 8110 RE'NFORC%EUDI\IEENCRETE
Client Advisory G roup WEEL I Made by | Date Page
Location &ih Floor slab fom At G mw | 30-Aug-99 38
ONE-WAY SOLID RC SLAB DESIGN 1o BS 811011 997 c/iw ANALY SIS Checked Revision Job No
Originated from RCC 3 xls on CD ©1999 BCA for RCC chg - R68
LOCATION ipports from grid A o grid G
MATERIALS COVERS
fcu 35  N/immz h agg 20  mm Top cover 25 mm
fy 460 N/mmz ¥YS 1.05 stel Btm cover 25 mm
fyv 460 N/mme ¥C 1.50 concrete
SPANS Lim) H(mm) SUPPORTS
SPANT | 8.000 350 SupporiNo  Type
SPAN 2| 7.200 250 1 k
SPANB| 7.200 250 LOADING PATTERN 5 E
SPAN 4| 7.200 250 min max K (nife), C (antilever) or E (ncastre )
SPAN B DEAD 1 1.4
SPAN © IMPOSED 1.6
LOAPING UDLs (kN/m®) FPls (kN/m) Position (m) LOADING
Dead Imposed Posiiion Dead Imposed Position
Spani Load Load  from left Span4 | Load Load from left
ubL | 9.70 5.00 Tt ubL| .00 1.50 e
PL1 | 75.00 1.000 PL1
FL2 FL2
Span2 S$pan %
UDL| 6.00 1.50  ~~www~ ubL
PL1 PL1
FL2 FL2
Span 3 $pan 6
upL| 850  5.00 ubL
PL1 PL1
FL2 FL2
LOADING DIAGRAM
A G
REACTIONS (kN/m)
SUPPORT 1 2 3 4 5
Characteristic Dead| 97.97 79.869 4715 5554 19.65
Max Imposed| 19.76 2416 24.67 25.00 7.57
Min Imposed| -26.25  -6.1 2 -2.22 -4.53 -9.44
MAX ULTIMATE [168.77 150.51 105.60 117.75 39.50




SLABS — RCC31 — ACTIONS

Project Spreadsheets to BS 8110 % ettt
Client Advisory 6 roup i [Made by Date FPage
Location &hFloorslab, rom A o 6 mw 30-Aug-99 39
ONE-WAY SOLID RC SLAB DESIGN to BS 8110:1997 cAv AN|Checkesd Revision Job No
Originated from RCC31 xls on CD ©1999 BCA for RCC chg - R68
BENDING MONENT DIAGRAMS (kNm/m)
N 4 N
150 T T T
oo b4 B T [
- /T\A 777777
= = —mA
7 e N7 D
T T AR Ml N R B
150 I VR [ER Y [
60 1\NO7/ S Y RN D T [ S
-250 L 1 |
53] o 10 20 30 40
G / o /
A Elasfic Moments G A Redistribuied E nvelope 6
SUPPORT No 1 2 3 4 5
Elastic M 94.2 56.6 77.2 49.2 ~ ~
Redistributed M 75.4 55.5 09.6 48.7 ~ ~
Rb 1.000 0.600 0.980 0.900 0.990 ~ ~
Redistribution 20.0% 2.0% 10.0% 1.0%
SPAN No 1 2 3 4
Elastic M 199.2 186.6 70.0 24.7 ~ ~
Redistributed M 199.2 161 70.2 22.8 ~ ~
Rb 1.000 0.8665 1.003 0.924 ~ ~
SHE AR FORCE DIAGRANS (kN/m)
4 N O N
200 T T T T T T 200 T T T
115 [ o b I I
0 o o s s s s
O 1 N T\ I L I R N R R
; ‘ 1\ NN o N
SN Y e NN Y
voo b oo oo T S S S T OSSN PR DR
cL | | |
o 5 10 15 20 25 30 35 o 10 20 30 40
N\ AN J
A Elasic Shears G A Redistiribuied Shears 6
SPAN No 1 2 3
Elastic V 168.6 111.2 441 23.9 8.8 74.9
Redistributed V 168.6 108.9 445 50.1 09.7 74.6
SPAN No 4
Elastic V 45.5 39.9 ~ ~ ~ ~
Redistributed vV 441 39.5 ~ ~ ~ ~




SLABS — RCC31 — SPANS
Project Spreadsheets to BS 8110 g REINFORCED CONCRETE COUNCIL
Client Advisory Group 1 [Made by Date Page
Location 8th Floor slab, from A 1o 6 mw 29-Nov-99 45
ONE-WAY SOLID RC SLAB DESIGN o BS 8110:1997 ¢/w ANALYSIS Checked Revision Job No
Originated from RCCBlxls on CD © 1999 BCA for RCC th = RGB
SPAN1 LEFT CENTRE RIGHT
AV mm 1000 7000
ACTIONS M kNm/m 0.0 199.2 75.4
b 1.00 1.00 0.80
Vo kN/m 1686.77 106.87
DESIGN 4 mm 311.0 307.0 309.0
As  mmeim 455 1597 5866
AS  mmeim o} Ag’ 0 Ag’ 0
TOP STEEL T 12 @ 225 10 T 16 @ 300
Agprov  mm/m 503 0] As prov 670
BTV STEEL T 12 @125 T 2 @125 T 16 @ 250
Ag prov  mmzim 205 Asprov 2513 Ag’ prov 504
SHEAR v Nimmz 0.543 0.352
ve  N/mm2 0.499 Shear links re quired 0.453%
Min 19 /m T g
DEFLECTION L/d 26.059 Allowed 26.603 ok (As increased by 49.8%)
& CHECKS % As ok ok ok
aIx ok ok ok
max S ok ok ok
SPAN 2 LEFT CENTRE RIGHT
Av o] 7200
ACTIONS M 75.4 16.1 55.5
b 0.60 0.87 0.98
44.46 26.12
DESIGN d 217.0 219.0 218.0
As 838 225 609
Ag 0 As top 431 @]
TOP STEEL T ® @25 T 0 @15 T 12 @
Asg prov &94 Ag’ prov 449 As prov 646
BTM STEEL T ® @600 T 2 @300 T 12 @30
Ag prov 255 Ae prov 277 Ag’ prov 277
SHEAR v 0.205 0.165
ve 0.613 0.547
Links not re #uired
DEFLECTION L/d 22.877 Allowed 55.325 ok
% CHECKS % As ok ok ok
A1 ok ok ok
max S ok ok ok




SLABS —

RCC31 — SPANS

Project Spreadsheets to BS 8110 % REINFORCED CONCRETE COUNCIL
Client Advisory Group 1 [Made by Date Page
Location 8th Floor slab, from A to 6 mw Nov-99 4
ONE-WAY SOLID RC SLAB DESIGN 1o BS 8110:1997 c/w ANALYSIS Checked Revision Job No
Originated from RCC31xs on CD @ 1999 BCA for RCC chg = Res
SPAN 3 LEFT CENTRE RIGHT
Av o 7200
ACTIONS M 55.5 70.2 69.6
b 0.98 1.00 0.90
\% 69.68 74.60
DESIGN d 219.0 219.0 219.0
As 609 770 764
As o As top 225 As o
TOP STEEL T 12 @ T 0 @5 T 12 @w
As prov 646 As’ prov 249 As prov 205
BTM STEEL T 12 @0 T 2 @ T 0 @25
A8’ prov 452 As prov 905 Ag’ prov 249
SHEAR v 0.218 0.241
ve 0.547 0.612
Links not re quired
DEFLECTION L/d 32.877 Allowed 35.882 ok (As increased by 5.2%)
& CHECKS % As ok ok ok
d/x ok ok ok
max S ok ok ok
SPAN 4 LEFT CENTRE RIGHT
Av (0] 7200
ACTIONS M 69.6 22,8 48.7
b 0.20 0.92 0.99
\% 4415 39.30
DESIGN d 219.0 220.0 219.0
As 764 225 535
As 0 As top 225 As o
TOP STEEL T 172 @ T 12 @300 T 127 @20
As prov 905 Asg’ prov 377 As prov 565
BTM STEEL T 0 @25 T 0 @5 T 2 @30
A8’ prov 349 As prov 249 Ag’ prov 377
SHEAR % 0.202 0.179
ve 0.612 0.523
Links not re uired
DEFLECTION L/d 32.727 Allowed 54.810 ok
& CHECKS % As ok ok ok
d'/x ok ok ok
max S ok ok ok




RCC32 Ribbed Slabs (A & D).xls

Using continuous beam analysis, this spreadsheet analyses
and designs up to six spans of ribbed slab to BS 8110. There
is user input on each of the first three sheets and choice of
reinforcement for each span is implicit.

MAIN!

This single sheet consists of the main inputs which should
be self-explanatory.

The number of spans is altered by entering or deleting data
under L (m). Unwanted data cells are ‘greyed’ out. The use
of C, K or F can alter the characteristics of the end supports
from cantilever to knife-edge to fixed. Extraneous data is
highlighted in red or by messages in red. Under Operating
Instructions a number of checks are carried out and any
problems are highlighted.

For the purposes of defining load the section under
consideration is assumed to be 1.00 m wide. It will be seen
from Bar! that moments per metre are converted to
moments per rib, and calculations of reinforcement areas
required etc., are based on moments and shear per rib. Great
care should be taken to ensure this sheet is completed
correctly for the case in hand. It may prove prudent to write
expected values of bending moments at each support down
before progressing to ACTIONS!

Combo-boxes to the right under Operating Instructions
define minimum bar sizes to be used (e.g. at supports
between ribs) and whether the user wants to use links or
not. If links are required these may be either designed or
nominal links; the centres of nominal links can be changed.

Towards the bottom of the sheet a simplistic loading diagram
is given to aid data checking. At the bottom of the sheet,
support reactions are given.

ACTIONS!

This sheet shows bending moment and shear force diagrams
from the analysis undertaken in Analysis! The user is required
to input desired amount of redistribution to the initial
moments in line 26. Cell L14 allows three types of distribution
according to the user's preferences. See Redistribution under
Assumptions made on page 17.

At some future stage might it be possible in the spreadsheet
to summarise reinforcement and where and why failures
have occurred.

SPANS!

In SPANS! the user is required to choose top, bottom and
link reinforcement for each span. The amounts of bending
and shear reinforcement required and checks are derived
from detailed calculations in Bar! Unwanted cells are ‘greyed’
out.

SLABS — RCC32

The reinforcement diameter specified for a support carries
through both sides of the support, i.e. the diameter specified
for the right hand support of a span carries over to the left
hand support of the next span. It should be noted that
hogging moment is checked both at the centre of support
(solid section) and the solid/rib intersection (ribbed section).
As the moments at the solid/rib intersection each side of
the support may differ, it may be possible to obtain a design
giving different numbers of bars each side of the support.
Practicality should dictate that the maximum number of bars
at each support is used for detailing.

Hogging moments at % span positions within a span are
checked and are used in the determination of top steel in
spans.

WEIGHT!

WEIGHT! Gives an estimate of the amount of reinforcement
required in one direction of the slab per rib and per square
metre. Simplified curtailment rules, as defined in BS 8110:
Part 1, Clause 3.12, are used in the determination of lengths
of bars. The figures should be treated as approximate
estimates only as they cannot deal with the effects of
designers’ and detailers’ preferences, rationalisation, etc, etc.
They do not allow for reinforcement in supporting beams
or for mesh.

Analysis!

This sheet details the moment distribution analysis carried
out. It is not necessarily intended for printing out, other
than for checking purposes.

Bar!

This sheet shows design calculations, complete with
references to BS 8110. It is not necessarily intended for
printing out other than for checking purposes. In spans,
service stress, f, may be reduced to satisfy deflection criteria.
In many instances, minima of 1.0 or 0.0001 have been used
to avoid problems with division by zero.

Graf!

This sheet comprises data for graphs used on other sheets,
particularly in ACTIONS! It is not necessarily intended for
printing out other than for checking purposes.




SLABS — RCC32 — MAIN

. REINFORCED CONCRETE
Proker $preadsheets fo BS 8110 g e
Client  Advisory G roup W Pade by | Dae P age
Location 3rd Floor slab from 1 1o Ba mw | 30-Aug99| 43

RIBBED SLABS o BS 61101997 (Analysis & Design) Checked [Revision Job No
Originated from RCC22xls on CD ©1999BCA for RCC chg - R68
LOCATIONS upports from grid 1 o gtid  Ba 0
MATERIALS COVERS (o links, orifno links, 1o reinf)
feu 5 N/mm? hagg 20 mm Top cover 20 mm
fy 460 N/mm? ym 1.056 steel Btm cover 20 mm
v 460 N/mm2 ym 1.50 concrete Side cover 20 mm
Density 23.6 kN/m? (Normal weightconcrete) RIBS
slab depth, hf 100 mm
SPANS Solid (mm) Rib width 150  mm
L(m) H(mm) Left Right Centres 9200 mm

SPAN 1 ©.500 275 450 1100 1in 10 taper
SPAN 2| 7.000 275 1100 1100 SUPPORTS
SPAN 3| 7.500 275 1100 450 SupporiNc  Type
SPAN 4 1 K
SPAN 5 4 E
SPAN © K (nife), C(antilever) or E(ncastre)

LOADIN(UDLs (kN/m2) PLs (kN/m) Positon (m)

Self AddDead Imposed Posifion Self AddDead Imposed Posifion
Span1 | Weight Load Load fromleft | Span4 | Weight Load Load from left
ubL 2.9% 2.50 4,00 o upL
FL1 ~nn &80 1.00 0450 PLT[ ~w~w
PL2| ~emn PL2
$pan2 ~ ~ ~ - $pan$ ~ ~ ~ -
UbL| 419 2.50 4,00 o upL
PL1 o 850 1.00 1.450 PL1
PL2| ~emn PL2
$pan 3 ~ ~ ~ - $pan 6 ~ ~ ~ -
ubL .62 2.50 4,00 o upL
PL1 o PL1
PL2| ~emn PL2
LOADING PATTERN min max
DEAD 1 1.4
IMPOSED 0 1.6

LOADING DIAGRAM

1 5a
REACTIONS (kN/m)
SUPPORT 1 2 3 4
Characteristic Dead 25.4 57.9 48.0 25.8 ~ ~ ~
Max Imposed 12.8 29.6 29.2 17.5 ~ ~ ~
Min Imposed -8.8 7.5 5.2 -9.0 ~ ~ ~
MAX ULTIMATE 53.% 1285 114.0 ol.5 ~ ~ ~




SLABS — RCC32 — ACTIONS
) REINFORCED CONCRETE
Project Spreadsheets fo BS 8110 COUNCIL
Client Advisory G roup Y Made by |Date Page
Location 3rd Floor slab, from 1 fo 5a mw Aug-99 44
RIBBED SLABS 1o BS 81101997 (Analysis & Design) Checked Revision Job No
Originated from RCC32xls on CD ©1999 BCA for RCC chg - RGB
BENDING MONENT DIAGRANS (kNm/m)
~
25/
1 Elasiic Nomenis S5a 1 Redistributed E nvelope Sa
SUPPORT No 1 2 3 4
Elastic M 0.0 &0.1 8.4 5.9 ~ ~ kNm/m
Redistibuted M 0.0 7211 8.4 73.0 - ~ kNm/m
Rb| 1.000 0.900 1.000 0.850 ~ ~ ~
Redistibution 10.0% 0.0%h 15.0%
SPAN No 1 2 3
Elasic M| 59.62 4875 4413 - ~ ~
Redistibuted M |  57.40 45.66 50.02 ~ ~ ~
Rb| 0.963 0.9%6 1.133

SHEAR FORCE DIAGRAMS (kN/m)

s

N
1 Elastic Shears %5a 1 Redistribuied $ hears Sa
SPAN No 3
ElasticV | 541 3.3 675 57.2 56,6 @3.0
Redistibuted V | 533 é2.1 67 .4 57.4 566 é.3
SPAN No
Elastic V ~ ~ ~ ~ ~ ~

Redistributed V




SLABS —

RCC32 — SPANS

. REINFORCED CONCRETE
Proct  Spreadsheets fo BS 8110 g COUNGIL
Client Advisory G roup paten [Made by Date Page
Location  3rd Floorslab, fom 1 o 9a mw 30-ug99| 45
RIBBED SLABS o BS &110:1 997 (Analysis & Desig|Checked Revision Job No
Originated from RCCZ2.x1s on CD @®1999 BCA for RCC chg - R68
SPAN1 LEFT CENTRE RIGHT
ACTIONS M kNm/m 0.0 57.4 72.1
b 1.00 0.96 0.90
DESIGN d mm 2432.0 239.0 239.0
As  mm2 ) 519 b3
Ag  mm? 0 AsT 218 Ag’ o]
TOP STEEL 2T 12 4b 2T 16 #Ab 27 20 #Aib
+4T&betveen +4T&between
As prov  mm? 427 As T prov 402 Ag prov &29
BTMSTEEL 2T 16 fib 2T 20 Aib 21T 12 4b
Ag'prov  mm? 402 Asprov 825 Ag’ prov 226
SHE AR vV kN/m 53.26 1% &2.09
v N/mmz 0.725 v 1.015
ve N/mm? 0.798 Link & © ve  0.935
LINKS . 216 @1,200 216 @175 for 350
DEFLECTION Lid 27197 Allowed 38.637 ok
% CHECKS % As ok ok ok
Bard & cover ok ok ok
Barspacing ok ok ok
Distt link ok ok ok
SPAN2 LEFT CENTRE RIGHT
ACTIONS M kNm/m 72.1 45.6 ce4
b 0.90 0.94 1.00
DESIGN 4 mm 229.0 239.0 229.0
As  mm2 [65%) 413 ol &
Ag  mm? 0 AsT 149 Ag’ 0
TOP STEEL 2T 20 #Ab 2T 12 Ab 27 20 #Aib
+4T&betwveen +4T&between
Asprov  mm? &29 AsTprov 226 As prov &29
BTMSTEEL 2T 12 #b 2T 20 Aib 27 12 #ib
Ag' prov  mm? 226 Asprov 825 Ag’ prov 226
SHEAR YV kN/m &7 .44 v 57.42
v N/mm2 1.133 v 0908
vc N/mm2 0.925 Link & (2] ve 0925
LINKS 216 @175 for 525 2176 @1,200
DEFLECTION Lid 29.289 Allowed 44.182 ok
& CHECKS % As ok ok ok
Bard & cover ok ok ok
Barspacing ok ok ok
Distto link ok ok ok




SLABS — RCC32 — SPANS

it Spreadsheets o BS 8110 g REINFORCED CONCRETE
Client Advisory G’Oup whin |Made by Date Page
Location  3rd Floor slab, from 1to S5a mw Nov-99 46
RIBBED SLABS to BS 8110:1997 (Analysis & Design) Checked Revision Job No
Originzted from RCCZ2xls on CD © 1999 BCA for RCC chg - R68
SPAN 3 LEFT CENTRE RIGHT
ACTIONS M kNm/m 884 @col face 50.0 73.0
b 1.00 113 0.85
DESIGN d mm 239.0 2565 239.0
As  mmz 618 457 6ol
A’ mm? o} AsT 118 As’ 4
TOP STEEL 2T 20 /rib 2T 12 /rib 27 20 /rib
+ 4 T& between + 4 T& between
As prov  mm? 829 As Tprov 226 As prov 829
BTM STEEL 2T 12 /b T 25 /rib 1T 16 /rib
As’ prov  mmz 226 As prov 491 Asg’ prov 201
SHEAR Vo kN/m 5658 v 6126
v N/mm? 0.669 v 1.221
Ve  N/mmz 0.925 link [5) ve 0.935
LINKS . 276 @ 1,200 216 @ 179 for 875
DEFLECTION L/d 31712 Allowed 38.473 ok
& CHECKS % As ok ok ok
Bar @ & cover ok ok ok
Bar spacing ok ok ok
Dist to link ok ok ok




RCC33 Flat Slabs (A & D).xls

RCC33.xIs analyses and designs bays of simple rectangular
flat slabs to BS 8110: Part 1. The spreadsheet uses sub-frame
analysis with pattern loading to calculate a bending moment
envelope. This envelope may be subjected to redistribution.

For a complete rectangular flat slab the user is expected to
use the spreadsheet at least four times (internal bay(s) x - x,
internal bay(s) y - y, edge bay(s) x - x and edge bay(s) y - y).
Punching shear should be checked using RCC13.xls.

The spreadsheet does not currently allow for holes or drops
(maybe next time!). If holes are considered critical then the
user is directed towards using RCC21.xIs (sub-frame analysis)
and allowing for holes in breadths used. See also Clause 3.7.5.
The single load case of all spans loaded (Clause 3.5.2.3) is
not used. Beyond panel aspect ratios of 1.5 consideration
might be given to the appropriateness of using other forms
of analysis (e.g. grillage or finite element).

The example emulates the design used on the in-situ building
of the European Concrete Building Project (ECBP) at BRE
Cardington, (albeit that on the ECBP f, = 30 N/mm? i.e.
f,=37Nmm?and fy =500 N/mm? were used).

MAIN!

This sheet provides the main inputs to the spreadsheet
(although other inputs occur in other sheets).

Most inputs are (we hope) self-explanatory. LEGEND! should
help with definition of dimensions, e.g. edge distance C is
actually from centreline of column to edge of slab. Cover is
defined as being to the layer under design. The layering is
setat T1-B1(& T2 - B2) although T1 - B2 might be deemed
more appropriate (e.g. with prefabricated mats).

The number of spans is altered by entering data in the
appropriate cells. Unwanted data cells are ‘greyed’ out. The
use of C, K, F or P can alter the characteristics of a support
from Cantilever to Knife-edge to Fixed to Pinned. Extraneous
data is highlighted in red or by messages in red. Under
Operating Instructions a number of checks are carried out
and problems found are highlighted. At the bottom of the
sheet a simplistic loading diagram is given to aid data
checking. Great care should be taken to ensure that this
sheet is completed correctly for the case in hand. It may
prove prudent to estimate values for bay width bending
moments at each support by hand before progressing to
ACTIONS

Cantilevers less than 1.00 m should be described as end
distances (rather than cantilevers; otherwise certain logic
regarding breadth of effective moment transfer strip, b (see
BS 8110: Part 1, Figure 3.13), goes wrong). End distances
equivalent to the half width of the column should be used
to define slabs whose edge is flush with the outside of the

SLABS — RCC33

column. On edge columns, b, restricts M, which in itself
restricts the amount of moment transferred into columns

above and below.

Load input should define the loads on the slab only. A
combo-box is used to switch between the internal or edge
bays. If EDGE is chosen, cells H14:114 and E16:G16 become
operative and information about the perimeter load along
the edge and the distance of the edge from the centreline is
required as input. Perimeter loading is assumed to be dead
load.

Cell L51 gives an estimate of reinforcement requirements
for the element considered in the direction considered (not
both directions).

It will be noted that the example assumes the reinforcement
is in the second layer; therefore warnings concerning cover
greater than 40 mm should not be of too much concern.

The spreadsheet takes automatic measures to ensure
deflection criteria are met. It may be argued that in this
instance, with equal spans in the two directions, these
measures are unwarranted in that deflection criteria will
have been met in the orthogonal T1/B1 layer.

To the right under Operating instructions a number of checks
are carried out. Box markers indicate where checks have been
carried out and proved satisfactory.

ACTIONS!

This sheet shows bending moment and shear force diagrams
from the analysis undertaken in Analysis! The user is required
to input the desired amount of redistribution to the initial
moments in line 26. Cell L14 allows three types of distribution
according to the user’s preference.

The sheet also provides output reactions and column
moments. Using the value of V_, for punching shear obviates
the need to use the 1.15, 1.25 and 1.4 factors in Clause 3.7.6.2
to determine V_, from V..

SPANS!

SPANS! details the amounts of reinforcement required
derived from detailed calculations in Bar!

LEGEND!

LEGEND! gives an explanation of the dimensions used in
MAIN! and for the analysis and design.

WEIGHT!

WEIGHT! gives an estimate of the amount of reinforcement
required in one direction of the slab for the internal or end
bays considered. Simplified curtailment rules, as defined in
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Clause 3.12, are used to determine lengths of bars. The
figures should be treated as approximate estimates only as
they cannot deal with the effects of designers’ and detailers’
preferences, ‘rationalisation’, the effects of holes etc, etc.
They do not allow for punching shear links or link carrier
bars.

Analysis!

This sheet details the moment distribution analysis carried
out but is not necessarily intended for printing out other
than for checking purposes. It is derived from RCC21.xs.

Bar!

This sheet shows design calculations, complete with
references to BS 8110. It is not necessarily intended for
printing out other than for checking purposes.

Hogging moments at % span positions within a span are
checked and are used in the determination of top steel in
spans.

Graf!

This sheet comprises data for graphs used on other sheets,
particularly in ACTIONS!




SLABS —

RCC33

— MAIN

REINFORCED CONCRETE

Projest  Spreadsheets to BS 810 % COUNGIL
Client Ad‘lisow Gfoup - Made by Date Page
Location  ECBP Typical Floor  from grids A to 7} mw 13-0c1-99 49
FLAT SLAB ANALYSIS & DESIGN to BS 810:1997 Checked Revision Job No
Originated from RCC33.xls on CD © 1999 BCA for RCC chyg - R68
MATERIALS fou 40 Nimne hagg 20  mm COVERS mm TO LAYER
iy 460 Nimne 105 steel Top cover 25 1
fywv 460  N/mne 150  concrete Btm cover 25 1
SPANS L (m) GEOMETRY PERIMETER LOADS craracterictic
SPAN1 7500 Bay type|INTERNAL 585 kN/moutside supports1& 4
SFAN 2 7500 Slab depth,h| 250 mm
SPANZ | 7500 Panel width, b| 7500  mm LOADING PATTERN
SPAN 4 min max
SFAN B Enddistance| 125  from supt 1 DEAD 1O 14
SPAN © Enddistance| 125  from supt 4 IMPOSED 1.0
SUPPORTS | ABOVE (v) H(mm) B (mm) EndCond |BELOW () H(mm) B(mm)  End Cond
Support 1| 3750 250 400 E 2.750 250 400 E
Support 2| 3750 400 400 E 2750 400 400 E
Support 3| 3750 400 400 E 2.750 400 400 E
Support 4| 3750 250 400 E 2.750 250 400 E
Support 5
Support 6
Support 7
LOADING UDLs (kN/m2) Pls (kN/m)  Fosition (m)
Dead Imposed  Position Loaded Dead Imposed Paosition Loaded
Span | Load Load  fromleft Length | Span4 Load Load from left Length
upl| 7m0 BEO e s oL
ece o s eLt s
PL2l  aeees PL2l s
Part UDL Part UDL
Span 2 Span
upL| 7m0 BEO  memmn s UL |
ece o s eLt s
PL2l  aeees PL2l s
Part UDL Part UDL
Span 3 Span 6
ubL 750 250  mmmmn v upLy mmmes e
ece o s ecy o e
PL2l  aeees PL2l s
Part UDL Part UDL
LOADING DIAGRAM
1 I
[ |
A D




SLABS — RCC33 — ACTIONS

o REINFORCED CONCRETE
Project Spreadsheets to BS 8110 g COUNGIL
Client Advisory Group TR, |[Made by Date Page
Location ECBP Typical Floor, from grids A to D mw 13-0ct-99 50
FLAT SLAB ANALYSIS & DESIGN 1o BS 8110:1997 Checked Revision Job No
Originabed from RCCBBuxls on CD © 1999 BCA for RCC th - R68

BENDING MOMENT DIAGRAMS (kNm)

Elastic Moments Redistributed Envelope
SUPPORT No 1 2 3 4
Elastic M 128.2 7104 710.4 126.2 ~ - -
Redistributed M 128.2 566.4 5664 128.2 ~ - -
Rb| 1000 0.800 0.800 1.000 ~ - -
Redistribution 20.0% 20.0%
End support reinf. & mm 16 16
* »*
SPAN No 1 2 3
Elastic M | 501.02 52666 501.02 ~ ~ -
Redistributed M | 520.17 280.67 520.17 ~ ~ -
Rb| 1028 0.65% 1.0%8 ~ ~ -
SHEARS FORCE DIAGRAMS (kN)

-~

-
Elastic Shears Redistributed Shears
SPAN No 1 2 3
Elastic V 269.6 551.7 452.8 452.8 521.7 2869.6
Redistributed V 5941 512.7 452.8 452.8 512.7 5941
SPAN No
Elastic V ~ ~ ~ ~ ~ ~
Redistributed V ~ ~ ~ ~ ~ ~
REACTIONS (kN)
SUPPORT 1 2 3 4
ALL SFANS LOADED 500.9 2655 265.5 500.9
ODD SFPANS LOADED 502.1 7224 7224 502.1
EVEN SPANS LOADED 220.4 727.7 7277 2204
Veff for punching &27.7 1059.% 1059.% 627.7
Characteristic Dead 248.0 458.2 458.2 248.0
Characteristic Imposed 96.8 2025 2025 96.8
COLUMN MOMENTS (kNm) 1 2 3 4
ALL SPANS Above 52.9 -45.9 45.9 -53.5
LOADED| Below 52.9 -45.9 45.9 -53.5
0DD SPANS| Above 59.7 -107.1 1071 -59.7
LOADED| Below 59.7 -107.4 1071 -59.7
EVEN SPANS Above 186.0 401 -40.1 -18.0
LOADED| Below 18.0 401 -40.1 -18.0




SLABS —

RCC33

— SPANS

REINFORCED CONCRETE
Proct  Spreadsheets to BS 8110 g COUNGIL
Client Advisory G roup ik (Made by Date Fage
Location ECBP Typical Floor, from grids Afo D mw Aug-99 51
FLATSLAB ANALYSIS £ DESIGN to BS 8110:1997 Checked Revision Job No
Oviginated from RCCEB.xls on CD ©1999BCA for RCC chg - R68
SPAN1 LEFT CENTRE RIGHT
ACTIONS &b 1.000 1.038 0.800
Be B0 3750
TotalM  kNm 79.9 520.2 480.2
Mtmax kNm 183.6 1059.5
MDDLE STRIP  Width mm 6850 3750 3750
M kNm 2.5 2541 120.1
d mm 219.0 215.0 217.0
As mm3m 4 698 254
As deflection mmem 51 254
Provide T12 @325 T Provide T20 @350 B Provide T16 @550 T
As prov mm2im 248 598 260
Top steel Provide T12 @325 T
Deflection L/id = 7,500 /21 5.0 = 34.884 < 26.0x 1 .466x 1.050 x 0.9 = 36.03& 0K
(As increased by 21.9 % for deflection)
COLUMNSTRIP Width mm 650 3750 3750
M kNm 79.9 2866.1 260.2
d mm 217.0 215.0 217.0
As mmam 1403 &b3 1075
As deflection mmem 1194 1075
Provide T16 @125 T1 Provide T20 @250 BA Provide T16 @125:250 T\
As prov. mmém 1608 1257 1206
Top steel Provide T12 @325 T
Deflection L/id = 7,500 /21 5.0 = 34.8684 < 26.0x 1 .454 x 1.060x 0.9 = 35.729 0K
(As increased by 40.0 % for deflection)
CHECKS % As ok ok ok
Singly reinforced ok ok ok
max S ok ok ok
SPAN 2 LEFT CENTRE RIGHT
ACTIONS &b 0.800 0.853 0.800
Be 3750 3750
Total M kNm 480.2 2860.7 480.2
Mtmax  kNm 1059.5 1059.56
MDDLE STRIP  Width mm 3750 3750 3750
M kNm 1201 126.3 1201
d mm 217.0 217.0 217.0
As mmz/m 554 373 554
As deflection mmém 254 4351
Provide T16 @550 T Provide T16 @450 BA Provide T16 @550 T1
As prov. mm2m 566 447 260
Top steel Provide T12 @325 T
Deflection Lid = 7,500 /217.0 = 34.562 < 26.0x 1 464 x 1.050 x 0.9 = 35.970 0K
(As increased by 15.5 % for deflection)
COLUMNSTRIP  Width mm 3750 3750 3750
M kNm 300.2 154.4 260.2
d mm 217.0 215.0 217.0
As mm3m 1075 460 1075
As deflection mmaim 1075 570
Provide T16 @125:250 T1 | Provide T20 @550 BA Provide T16 @125:250 T\
Ag prov. mmém 1206 571 1206
Top steel Provide T12 @325 T
Deflection Lid = 7,500 /21 5.0 = 34.664 < 26.0x 1 .423 x1.060x 0.9 = 34.974 0K
(As increased by 23.6 % for deflection)
CHECKS % As ok ok ok
Singly reinforced ok ok ok
max S ok ok ok
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REINFORCED CONCRETE

Proct  Spreadsheets to BS 8110 g COUNGIL
Client Advisory 6 roup e [Made by Date Page
Location ECBP TypicalFloor, from grids A fo D mw Aug-99 52
FLAT SLAB ANALYSIS £ DESIGN to BS 8110:1997 Checked Revision Job No
Originated from RCCEB.xls on CD ©1999 BCA for RCC chg - R68
SPAN 3 LEFT CENTRE RIGHT
ACTIONS b 0.800 1.038 1.000
Be 35750 (250
Total M kNm 480.2 520.2 79.9
Mtmax kNm 1059.5 182.6
MODLE STRIP  Width mm 3750 3750 6850
M kNm 1201 234.1 2.5
d mm 217.0 215.0 219.0
As mmim 254 095 4
As deflection mmam 254 &51
Provide T16 @550 T1 Provide T20 @350 B1 Provide T12 @325 T
Ag prov mmém 266 £98 248
Top steel Provide T12 @325 T
Deflection Lid = 7,500 /21 5.0 = 34.664 < 26.0x 1.466x 1.050 x 0.9 = 36.058 0K
(As increased by 21.9 % for deflection)
COLUNNSTRIP  Width mm 3750 3750 B0
M kNm 260.2 2861 79.9
4 mm 217.0 215.0 217.0
As mm2m 1075 &53 1403
As deflection mm@m 1075 1194
Provide T16 @125:250 T | Provide T20 @250 B1 Provide T16 @125 T
As prov. mmém 1206 1257 1608
Top steel Provide T12 @325‘"
Deflection L/d = 7,500/215.0 = 34.884 < 26.0x 1.454 x 1.050x 0.9 = 35.729 0K
(As increased by 40.0 % for deflection)
CHECKS % As ok ok ok
Singly reinforced ok ok ok
max S ok ok ok




RCC41 Continuous Beams (A & D).xIs

The spreadsheet designs multiple-span rectangular or
flanged beams using sub-frame analysis to derive moments
and shears. The intention is to provide the design and analysis
of up to six spans of continuous beams with or without
columns above and below. Spans may incorporate
cantilevers, fixed ends or knife-edge supports. There are
three main sheets: MAIN!, ACTIONS! and SPANS!

MAIN!

This sheet contains user input of materials, frame geometry
and load data.

Input data is blue and underlined. New data may be input
by overwriting default values or by entering values in ‘greyed
out’ cells. Entering a value of 5.0 in cell C18 will clear a line
of data in both the span and support data ready for input.
Guidance on input for the type of section and type of end
condition of the support is given under Operating
Instructions.

The sheet has been set up with as many ‘carry throughs' as
possible, i.e. input cells are made equal to preceding input
cells to make the inputting of regular beams easier. Inputting
C18 as "= C17" will insert 6.00 in the remaining spans: it will
also remove the grey conditional background to the
remaining spans, supports and loads and allow data entry.
Deleting C18, indeed C19, will blank out remaining spans,
etc. Generally, values in red or red backgrounds indicate
either incorrect or excess data. For instance, if knife-edge
supports are required, enter ‘K’ in cells C24, C25 etc. This
will elicit red data to the right, which needs to be cleared
manually.

Do not copy and paste input values as this can corrupt
formatting (copy and “paste values only” is OK).

‘Rebar layering’ refers to whether there are beams in the
other direction. Answering yes drops by one bar diameter
the steel at the supports. For instance when using splice bars
at the support, bars in the other direction have to be avoided
- and allowed for in the design.

With respect to cantilevers, design for bending caters for
moments at the face of support; design for deflection
considers the cantilever from the centre line of support. In
beam-to-beam situations the width of support can be input
as being very small to avoid under-design in bending.

The example is taken from Designed and detailed " In order
to reflect this publication, the spreadsheet has been set up
with the beams being considered as rectangular in both the
analysis and design. The analysis in the spreadsheet mimics
Designed and detailed, but as the spreadsheet considers the
rectangular section for design, more reinforcement is
required particularly in the span. Some economy would have

been gained by considering the beams as T sections rather
than rectangular (192 kg/m? c.f. 222 kg/m?). The spreadsheet
notes that cover to the top exceeds 40 mm. In this case, the
crack width should normally be checked.

ACTIONS!

ACTIONS! Includes bending moment and shear force
diagrams, summaries of moments and shears and user input
for amounts of redistribution. users should ensure that the
amounts of redistribution are always considered as there
are no default values.

SPANS!

This sheet designs reinforcement for bending in spans and
supports, and for shear in the spans.

User input is required for the diameters of bending and shear
reinforcement and for the number of legs of links in each
span. Some intuition may be required to obtain sensible and
rational arrangements of reinforcement. In order to
discourage the use of second layers of reinforcement, the
input cells for diameters of reinforcement in second layers
are nominally protected.

Support moments (including cantilever moments) are
considered at the face of the support. This may lead to
unequal amounts of reinforcement being designed for each
side of the support (see Bar!). Usually, the detailer would
be expected to detail the larger amount of reinforcement:
however where different section occur either side of a
support, the detailer should be briefed as to the designer's
detailed requirements.

Non-existent spans are blanked out.

Besides the limit of maximum modification factor for
deflection = 2.0, an additional limit of maximum allowable
area of steel to comply with deflection criteria, A , , =2 x

A__ has been imposed
sreqd! .

sdef!

Weight!

This sheet estimates the weight of reinforcement in the beam
when designed according to normal curtailment rules as
defined in BS 8110. Workings are shown on the right hand
side of the sheet. The estimate may be printed out using
File/print or the print button on the normal toolbar. It should
be recognised that different engineers' and detailers’
interpretations of these clauses, and different project
circumstances and requirements will all have a bearing on
actual quantities used.

Analysis!

This sheet shows the moment distributions used in the
analysis of the beam: it is not intended for formal printing.

BEAMS — RCC41
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It will be seen that the loads are considered initially as 1.0g,
over all spans then as (gfg -1.0)g, + 9,0 over alternate spans.

Bar!

Intended mainly for first time users and young engineers,
this sheet gives further details of the calculations summarised
in SPAN! Support moments are considered at faces of
supports; checks at % span relate to hogging and any top
steel required is provided in the span.

Graf!

This sheet provides data for the charts in MAIN! and
ACTIONS!: it is not intended for formal printing.
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— MAIN

REINFORCED CONCRETE

Project Spl’eadsheel’s toBS 8110 ﬁ COUNCIL
Client Advisory Group S \ode by Date Sheet No
Location 0%0: Main beam Grids C to H from grid 110 3 rmw 13-0ct-99 95
CONTINUOUS BEAM (Analysis & Design) 1o BS 8110:1997 Checked Revision Job No
Originated from RCCH.Alo on CD © 1999 BCA for RCC chg - R68
LOCATION Supports from grid 1 togrid B
MATERIALS COVERS (to all steel)
feu 40 N/mmz h agg 20 mm Top cover 25 mm
fyl 460 N/mmz Ys 1.05 Btm cover 40 mm
fyw 250 N/mmz Ye 1.50 Side cover 35 mm
SPANS L (m) H (mm) bw (mm) hf (mm) Type bf (mm) LOADING PATTERN
SPAN 1 8.00 500 300 175 R 300 min max
SPAN 2 6.00 500 200 175 R 200 DEAD 1 14
SPAN 2 IMPOSED o] 1.6
SPAN 4 REBAR LAYERING
SPAN S Support steel
SPAN & in alt layer ¢ Y
SUPPORTS ABOVE (m)  H (mm) B(mm)  EndCond | BELOW(m) H(mm) B(mm)  EndCond
Support 1 3.50 200 300 F 4.00 300 300 P
Support 2 3.50 200 300 F 5.00 300 2300 P
Support 3 3.50 200 300 F 4.00 300 300 P
Support 4
Support 5
Support 6
Support 7
LOADING UDLs (kN/m)  PLs (kN) Position (m)
Dead Imposed Position Loaded Dead Imposed Position Loaded
Span1 Load Load from left Length Span 4 Load Load from left Length
ubL 25.8 200 ~vemn e uoLy semen e
eLr s Ly e
L2y  ~vees L2y ~aes
Part UDL Part UDL
Span 2 Span §
ubL 25.8 200 ~vemn e vy s
eLr s PL1
L2y  ~vees FL2
Part UDL Part UDL
Span 3 Span 6
10 R e 2 TP uoLy semen e
L s Ly e
L2y  ~vmee L2y ~aes
Part UDL Part UDL
LOADING DIAGRAM
1 3
REACTIONS (kN)
SUPPORT 1 2 3
ALL SPANS LOADED 256.6 529.6 167.4
ODD SPANS LOADED 256.6 412.3 29.9
EVEN SPANS LOADED 781 365.1 171.9
Characteristic Dead 92.7 209.3 59.2
Characteristic Imposed 795 147.8 55.6




BEAMS — RCC41 — ACTIONS

Project  Spreadsheeis fo BS 8110 % REINFORCED CONCRETE COUNCIL
Client Advisory G roup * [Made by Date Page
Location D &D:Mainbeam Grids C o H, from grid 1 o 3 mw 30-Aug-99 56
CONTINUOUS BE AM (Analysis & Design) to BS 8110:1997 Checked Revision Job No
Originated from RCC4 xls on CD ©1999 BCA for RCC chg - R68
BENDING MOMENT DIAGRANS (kNm)
4 N
500
400 -
300 -
200 B
100 -
o
-100 a
-200 .
300 =
-400
15
. /
1 Elasfic Momenis 3 1 Redistribuied Envelope 3
SUPPORT No 1 2 3
Elastic M 193.1 401.7 86.2. ~ ~ ~ kNm/m
Redistributed M 1545 281 .2 86.2. ~ ~ ~ kNm/m
b 0.600 0.700 1.000 ~ ~ ~ ~
Redistribution 20.0% 50.0% 0.0%
SPAN No 1 2
Elastic M 27652 152.75 ~ ~ ~ ~
Redistributed M 328.97 14612 ~ ~ ~ ~
b 1.190 0.957 ~ ~ ~ ~

SHE ARS (kN)

300

-100
-200
-300
| |
400 -400 L L
o 5 10 15 o 5 10 15
-
1 Elasfic Shears 3 1 Redistibuted $hears 3
SPAN No 1 2
Elastic V| 252.9 300.3 252.4 1804 ~ ~
Redistibuted V| 2566 2683 241.3 171.9 ~ ~
Elastic V ~ ~ ~ ~ ~ ~
Redistributed V ~ ~ ~ ~ ~ ~

COLUNN
MOMENTS 1 2 3
ALLSPANS| Above 1083 -35.2 -36.0
LOADED| Below 71.1 185 23.6
0DD SPANS| Above 116.6 -65.1 2.4
LOADED| Below 765 342 1.6
EVEN SPANS| Above 32.8 166 52.0
LOADED | Below 21.5 8.7 -54.2
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Project Spreadsheets to BS 8110 ﬁ REINFORCED CONCRETE COUNCIL
Client Advisory G’o“p wi ([Made by Date Page
Location D%0D: Main beam Grids € to H, from grid 110 3 rmw 13-0ct-99 57
CONTINUQUS BEAM (Analysis & Design) to BS 81101997 Checked Revision Job No
Originated from RCC41xls on CD ©1999 BCA for RCC th - R68
SPAN1 LEFT CENTRE RIGHT
ACTIONS M kNm ne.7 229.0 250.2
b 0.60 119 0.70
DESIGN d mm 453.0 432.0 415.0
As  mm? 656 21868 1617
Ag mm2 800
TOPSTEEL  Layer ! 3 T 20 2 T 1 3 T 32
Layer 2
As prov  mm? 942 Asg’ prov 402 As prov 2413
BTMSTEEL  Layer | 3 T 20 3 T 32 2 T 25
Layer 2
Ag'prov. mm? 942 As prov 2413 Ag’ prov 2862
DEFLECTION L/d 16.519 Allowed 24.149
SHEAR VoW 216.9 Link & 249.8
v N/mm? 1.670 12 2.007
ve  N/mme 0.527 Nominal 0.731
LINKS R12 @ 150 for 1950 R1Z @ 300 R12 @ 125 for 2125
legs No 2 2 2
CHECKS % As ok ok ok
Cover ok ok ok
min 5 ok ok ok
max S ok ok ok
Links ok ok ok
Main bare ok ok ok
max V ok ok
Deflection ok
SPAN 2 LEFT CENTRE RIGHT
ACTIONS M kNm 262.5 146.1 612
b 0.61 0.96 1.00
DESIGN d mm 415.0 4355 439.0
As  mm? 1742 &30 235
Ag’ mm?2
TOPSTEEL Layer 1 3 T 32 2 T 25 2 T 16
Layer 2
As prov  mm? 2413 Ag’ prov 262 As prov 402
BTMSTEEL  Layer 1 2 T 25 2 T 25 2 T 16
Layer 2
Ag’ prov P 262 As prov 282 Ag’ prov 402
DEFLECTION L/d 13.777 Allowed — 32.608
SHEAR VoW 202.8 Link & 131.7
v N/mm? 1.629 12 1.000
ve  N/mm2 0.731 Nominal 0.295
LINKS R12 @ 200 for 1400 R1Z2 @ 325 R12 @ 275 for 1100
legs No 2 2 2
CHECKS % As ok ok ok
Cover ok ok ok
min 5 ok ok ok
max S ok ok ok
Links ok ok ok
Main bare ok ok ok
max V ok ok
Deflection ok




BEAMS — RCC41 — WEIGHT

Project Spreadsheets to BS 8110 % REINFORCED CONCRETE COUNCIL
Client Advisol'y Group Made by Date Page
Location D%D: Main beam Grids C to H, from grid 1o 3 mw 26-Nov-99 58
CONTINUOUS BEAM (Analysis & Design) to BS 8110:1997 Checked Revision Job No
Originated from RCC41xls on CD © 1999 BCA for RCC chg - R68
APPROXIMATE WEIGHT of REINFORCEMENT
Location No Type Dia Length Unit wt Weight
TOP STEEL Support 1 3 T 20 2950 2.466 218
Span 1 2 T 16 4775 1578 15.1
Support 2 3 T 32 4200 ©.21% 795
Span 2 2 T 25 5650 3.853 435
Support 3 2 T 16 2225 1578 7.0
BOTTOM STEEL  Support 3 T 20 1100 2.466 8.
Span 1 3 T 32 7650 ©.21% 144.9
Support 2 2 T 25 2800 3.853 21.6
Span 2 2 T 25 5650 2.853 435
Support 5 2 T 16 1525 1578 4.8
LINKS  spani 43 R 12 1400 0.688 534
Span 2 22 R 12 1400 0.668 273
SUMMARY spacers not included Total reinfercement in bay (kg) 471
Reinforcement density (kg/m?) 215.0
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BEAMS — RCC41 — BAR

Project &lecation  Spreadsheets to BS 8110 : D&D: Main beam Grids C to H : from grid 1to 3 SPAN 1 %
CONTINUOUS BEAM (Analysi & Deslan) to ES 81101997 Originétted from RCCAHxls on CD ©1999 BCAfor RCC
Span 800 m h 50O Top cover 57 mm to main steel JobNo  R&&
R beam bw 300 Btm cover 52 mm to main steel by rimw
hf 175 Side cover 47 mm to main steel Date 13-0ct-99
MAIN STEEL LEFT 251 SPAN RIGHT BSBIO Ref
MCL KNm 1545 2812
M face KNm ne7 809 2290 2502
b 0.600 0.7 1190 0.700
d mm 455.0 455.0 A452.0 4150
bf mim 200.0 200.0 200.0 2000 3415
K 0122 0104 0156 o104 Fig 3.3,
Web Mres KNm 2970 2504 2459 2158 Fig 53]
Flange Mres kNm o oo 3231 oo Fig 33
K 0.082 0.024 047 o121 D444
z mm 4064 422.5 43,5 2594 B4dd
X mrm 591 50.6 1972 1225 D444
a4 mm 94.0 88.0 45.0 265
net fec N/mm? 0.0 0.0 4202 128.5 Fig 5.3
Excess M KNm 0.0 0.0 0.0 245
AS ree i o o o 800
fot N/mmz 4381 4381 4281 4281 Fig 53!
Ao ree i [c3lz] 221 2168 1617
bw/b o e 1.0 o
Min % % 01%% 01%% 01%% O1%% Table 3.25
Min As mm? 195 195 195 195
DEFLECTION
fo N/mm? 2667 2337 2937 Eqn g
Base ratio 260 100.0 B346.5/4
Tens Mod 08& 08 Table 310
Cormp Mod 11 12 Table 511
PermL/d 241 286 2463,
Actual Lid ok 185 ok 00 3451
TENSION STEEL
Ao i [c3lz] 2168 1e17
21 mm ok| 20 ok 22 ok 22
a2 mim o o o]
Max No/lzyer 4 3 3
No1 3 3 3
= mm? 942 2413 2415
No 2 ok| @) ok @) ok @)
As prov i 942 2413 2413
=% % ok 0726 ok 1.862 ok 1.928
Clear dist mm 73.0 55.0 55.0 bebueen bars
Min & mm ok| 250 ok 22.0 ok 220 31211
Max mm ok| 1762 ok 2011 ok 1601 Table3.28)
COMPRESSION STEEL
Re4uired mm? 724 323 800 Table 3,25
21 mm ok| 20 ok ® ok 25
a2 mm o o o
Max No/lzyer 4 5 4
No1 3 2 2
= 942 402 282
No 2 ok| @) ok @) ok @)
Ae' prov mm? 942 402 282
=% % ok| 0726 ok 0310 ok 0782
Clear dist mrm 730 1740 156.0 between bars
Min & mm ok| 250 ok 25.0 ok 250 a2
SHEAR
Vatcl KN 256.6 2683
Vatd KN 2169 2428 24510
v N/mm? 1.670 2,007 Eon3)
ve  Nimn? 0527 Nominal 0731 Tabe 3.8
(vve)bv N/mm 2428 1200 582.6 Table 3.7
Lirk & mm ok| 2 ok 12 ok 12 51271
Legs ok 2 ok 2 ok 2
@ mim 157 524 “ 31271
Adjust to mim 120 300 125
for (UDL only) mm 1999 o 2165 from ¢l
for (with PL) mm 1999 e H#NIA -=-
Adjuet to mm 1980 s 2125 from face
Ag Dist mm ok| 920 ok 870 ok 870 5455
Ag’ Dist mm ok| 73.0 ok 00 ok 00 5127.2)
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RCC42 Post-tensioned Slabs & Beams (A & D).xls

This spreadsheet designs post-tensioned slab and beam
elements in accordance with BS 8110: Part 1, 1997. In essence
the spreadsheet checks a number of parameters: stresses at
transfer, stresses in service, moments of resistance at ULS,
shear, vibration, deflection, neutral axis depth, and
reinforcement service stress. These checks are shown in
SUMMARY!

The spreadsheet is set out in several layers.

¢ MATDATA! Defines load cases, various options and
material properties.

¢ SUMMARY! Summarises the design, analysis, checks
and outputs from the rest of the spreadsheet.

¢ DETAILS! Shows the workings for the moment
distribution for the various load cases, profiles,
prestress losses and checks in some detail.

o DEFLECT! Shows workings for deflection at '/20 points
along each span.

¢ Graf! Provides the data for the graphs, and values
generated are used for checking.

Users are referred to Post-tensioned concrete floors - Design
Handbook!, and Post-tensioned concrete floors""® for
further details of methods and values used.

A maximum of three spans may be considered. Cantilevers
are not available. Shortening is calculated in the losses
section, but is not used to modify column moments. The
effects of restraint to both columns and prestress in the
member must be considered. The spreadsheet considers one
direction at a time only.

MATDATA!

The first sheet includes all the general and material input
data used in the subsequent sheets. Load combinations and
load factors are defined. The input under Options should
be self-explanatory. The choices have implications on the
design as shown below.

e Stressing ends determines where prestressing losses
occur

¢ Prestressing system - Specifying unbonded or bonded
changes prestress loss calculations. Prestress losses tend
to be higher with bonded tendons as wobble factors
and coefficients of friction are higher but using several
strands in a single duct can lead to overall economy,
especially in more heavily loaded beams.

¢ Commonly 70% to 75% is taken for initial estimates for
jacking forceffinal force. This quantity is calculated at
Details!N68:N69 and has to be re-specified in Details!
line 68 to be within 5 % of that calculated.

o With respect to allowable flexural tensile stresses in
prestressed beams (and slabs), BS 8110: Part 1, defines
three classes (see Clause 4.3.4.3). These classes
determine the limits of tensile stress. For example see

BS 8110: Part 1, Clause 4.1.3, which also allows 5.0N/mm?
tensile strength for C40 concrete. For Class 3, which is
generally used for internal environments, cracking is
allowed either up to 0.1 mm or, more usually, to 0.2 mm.

¢ Slab or Beam varies shear requirements and determines
whether nominal top bonded reinforcement is included
in the spans or not. Nominal top steel is included in
mid-span of beams. If slabs are specified, the user may
choose to use nominal top steel to overcome hogging
moments in the spans. Invoking the nominal bonded
reinforcement in mid-span should overcome most
problems with hogging in, say, dissimilar spans of slabs.
Slabs requires a second input; type of slab alters
parameters used in checking vibration.

¢ Normal curtailment rules for bonded reinforcement are
not necessarily satisfactory for post-tensioned slabs and
beams. Nonetheless the spreadsheet assumes that
curtailment occurs at 0.3 x span.

With regard to concrete, the usual minimum strength used
in prestressing is 40 N/mm?2. The minimum allowable strength
at transfer (i.e. when the tendons are initially stressed), f,
is 25 N/mm?. Ambient temperatures during curing may be
taken as 15°C for a UK summer, but otherwise may be
dependent upon curing/insulation regimes. Typically, long-
term Relative Humidity may be taken as 45% indoors, or
85% outdoors for the UK. Other data used in the
determination of various concrete factors, e.g. determination
of creep factors, is shown on the right hand side of the sheet.
These factors are case specific and have been derived from
the best available data for the various parameters shown.
The formulae for calculating creep factors and free shrinkage
strain are from C&CA paper TDH 239117, and use the
following factors.

* K, is a factor depending on the composition of the
concrete,

* K_is an environmental factor,
* K, is a maturity factor,
o K_is an effective member thickness factor, and

o K, covers the development of the deferred deformation
with time.

Factors used in the derivation of material data are shown
on the next page as screen dump from the right hand side
of this sheet.

Details of strand used in the UK are given at the bottom of
the sheet. Users should ensure that their chosen strand is
readily available. Post-tensioned concrete floors!"® gives
typical values for m (coefficient of friction), K (wobble
factors), Rel% (relaxation) and draw-in (mm) in Tables 2.6
and 7.1.

It is usually assumed that working loads are applied at a
concrete age of 60 days (user input). The quasi-permanent



BEAMS — RCC42

imposed load should be assessed from the y, factor in EC2,
which is usually 20% of imposed load for dwellings, 30%
for offices and stores, and 60% for parking. (One never takes
100%, as y, adjusts for the very different f (creep) values.
Hence 30% is appropriate for more or less permanently
loaded structures: the high value for parking is to
compensate for long-term dynamic effects.)

Factors used in the
derivation of material data

BS 8110 Table 4.2
30 38 o 32048
40 5 5 o
50 5.8 O O
1.271 1.267 1258 1249 1.245 1235 1225 1210 1195 1185 1170 1160 1145 1o 1075
Maturity Curve 3 4 5 & o/ & 9 10 11 12 15 14 15 16 17 I
0 08 1 15 2 25 3 4 5 6 7 8 9 10 13 16
08 02 05 05 05 05 1 1 1 1 1 1 1 3 3 4
30 0 26 45 7.9 103 122 137 162 18 195 206 217 226 232 252 265
40 0 52 78 122 155 181 201 232 255 273 29 30.4 313 322 us 361
50 0 1.4 127 181 222 251 27.3 311 337 358 37.8 39.2 403 413 439 255
60 0 137 152 217 26.6 30.1 3238 373 404 43 454 47 484 49.6 527 54.6
40 0 5.2 7.8 122 155 18.1 20.1 23.2 255 27.3 29 304 313 322 345 36.1
50 0 114 127 18.1 22.2 25.1 27.3 311 33.7 35.8 37.8 39.2 40.3 41.3 43.9 45.5
40 0 5.2 7.8 122 15.5 18.1 20.1 23.2 25.5 27.3 29 30.4 313 32.2 34.5 36.1
[EARLY STRENGTH LATE STRENGTH
1 a 038 58 40 60 0 100
40 232 255 23 25.04 40 389 40 11 38.90
Kc = Relative Humidity factor
30 35 40 45 580 5 o) 5 0 Kzl 80 85 90 95 100
32 313 305 295 285 277 265 25 23 213 19 17 15 125 1
50 55 2.85 2.77 0.08 0 2.850
Kd = Ambient factor
30 20 210 420 840 2700 5400 10800
0 120 210 420 1860 2700 5400
18 16 14 12 1 075 065 05
120 120 16 1.4 0.2 30 1.550
1500 1860 1 0.75 0.25 660 0.911 1.000
Kb = Cement Content & W/C Ratio factor
05 06 07 08
200 05 08 102 128
200 o7 09 117 148 1.82
400 083 117 183 21 285
500 0.97 145 2 255 31 0.5
300 0.7 0.9 117 1.48 1.82 0.981
400 0.83 117 163 21 2.55 1.308
0.739 0.981 1.308 1.666 2.039 0.327 1.145

Ke = Effective Thickness factor 4065 4085 #DIV/O!

o 50 100 150 200 250 200 250 400 450 500
10 12 1 094 085 0795 075 0723 072, 0.709 07
Span 1 400 450 0.72 0.709 0.011 6.5 0.719
Span 2 400 450 0.72 0.709 0.011 6.5 0.719

Span 5 #DIV/O!  #DIV/O! #DIV/O!  #DIV/O!  #DIV/O!  #DIV/O!  #DIV/O!

€c = Free Shrinkage Strain

40 45 50 55 &0 5 70 75 80 &5 20 95 100
420 405 280 260 230 2056 275 243 205 162 s B85 o}
50 55 380 360 20 0 380

Ke factor for Shrinkage

o 50 100 150 200 250 200 250 400 450 500
10 13 1.05 0.907 08 o7 065 0587 055 0513 05

Span | 400 450 055 0513 0037 65 0.548

Span2 400 450 055 0513 0037 65 0548

Span 5 #DIV/O! #DIV/O! #DIV/O! #DIV/O! #DIV/O! #DIV/0! #DIV/0!

Ultimate Shrinkage Strain - Bending Ko
0.2 03 04 05 0.6 07 08 0.9 1 093143
% 0.26 0.26 026 026 026 026 026 026 026 026 026
Kp 0.9418 0.9418 0.9418 0.9418 0.9418 0.9418 0.9418 0.9418 09418 0.9418 09418
£s 2089 2089 2089 2089 2089 2089 2089 2089 2089 208.9 2089  microstrain|
w 23,2039 Ec28 28 & 23462, Ec 83677 Ke = 23,75

Ultimate Shrinkage Strain - Prestress

Spanl  Span2  Span3
% 03 03 03
Kp 09235  09Z85 09335

£CS 207 2071 #DIVIO!




SUMMARY!

The first page (top part of the sheet entitled SUMMARY!)
shows input for the sub-frame analysis, i.e. dimensions and
loads.

Input should be fairly self explanatory. It should be noted
that H is in the plane of the screen and b, b, etc. at right
angles to the plane of the screen. Several warnings are given
under Operating Instructions; conditional formatting of cells
flags incorrect data.

Supports can be made to be knife-edge by inputting K in
column D: remote ends of columns can be either F for fixed,
or P for pinned. The line can be left blank. A support width
(h below) can be used in conjunction with a 'K’ support so
that design moments are used at the support face.

Data under ‘Normal Direction’ is used for the vibration
checks. The number of bays affects possible modes of
vibration, which is checked in accordance with CS TR43 (14,
The vibration response factors calculated are accordance with
Steel Construction Institute!® and Concrete Society
guidelines.

Vibration should not be a problem in post-tensioned slabs
and beams. Normally, vibration response factors of 12 are
used for very busy offices, 8 for normal offices, or 4 for high
specification offices or laboratories where vibration is critical.

Loads are characteristic and are for the whole bay width
(not expressed as kN/m? - unless a 1 m bay width is being
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analysed). The self-weight is a user input. The construction
load is intended to be that required to be applied during
transfer (usually 1.5 kN/m?). However, designers should
consider the load history of the slab to ensure worst cases
are checked, e.g. temporary loads while casting floors above.
Bay widths in the normal direction do not affect the loading
unless, of course, the user chooses to introduce a suitable
relationship (in the loads input).

The current configuration is shown in a chart. This gives a
scale representation of the spans, supports, loads and an
idealised cross section of each member. Charts also show
representations of the tendon profiles and equivalent loads
used in the analysis. For the tendons, a reversed parabolic
profile is used but minimum lengths of straight tendon are
used at the supports as recommended by Khan 9. Service
equivalent loads are shown: those at transfer may be viewed
at DETAILS!B361:N372.

The next page (SUMMARY ii) as shown below is the nub of
the spreadsheet: it has a number of key inputs and outputs.
These include inputs of P,/ P (initial force/ jacking force),
P,/ P, (final force/ jacking force), number and height of
tendons, and amounts of bonded reinforcement (some of
the inputs are necessary to avoid circular arguments).

As it is the nub of this spreadsheet the source of any failures
or missing information (e.g. no tendons or no tendon height
specified) will become apparent in SUMMARY ii. It is
suggested that users may wish to create a second window
of this part of the spreadsheet (Window/ New Window/
Arrange).

Extract from SUMMARY ii
SUMMARY ii: Terndons & bonded reinforcement
(=) TENDONS Pj = 120 kN Pf/Pi= 90.0% PR = 800% kN
No of STRANDS Supt1 | Spani Supt 2 Span 2 Supt 3 Span3 | Supt4
Recommended 23 23 25 25 25 25 o o 0
Use 24 24 24 24 24 24 0 0 0
Recommendd height | 295 40 485 40 295 0
Height mm 200 40 480 480 40 200 00 ol
Length Straight mm | 150 150 150 0 0 0
xto max Sag mm 5211 7006 o
PikN 2765 | 2759 | 2757 2757 | 2759 | 2765 0 0 0
Balance Load kN 278.0 NGB 3542 2612 0.0 00
PN 2501 | 2496 | 2493 2493 | 2496 | 2501 o 0 0
Balatice Load kN 2515 3568 3204 256.2 0.0 00
- .
CHECKS 'EFFICIENCY" = | 90%]
Tendons (z) 0K b(C) 74%] !
Stresses at transfer (b) 0K b(1) T 9‘1%]
Stresses in service (c) 0K © 1 507] T
ULS MOR (d) 0K o - !
Shear () 0K omn | 5%
Vibration () 0K d ‘ ; 98%]
Deflection () OK e 36%] 1 I
Neutral axis depth 0K IS 7 : :
Rebar stress 0K . S 1 1
GLOBAL STATUS VALID DESIGN 0% 42% 83% 125%




With regard to Tendons the spreadsheet automatically
calculates the number of tendons for each span using an
algorithm. The algorithm uses either the maximum of the
median stress levels, or the maximum permitted. The
spreadsheet calculates the minimum number of strands
required so that permissible concrete tensions are not
exceeded at either the initial or final stage. Thus the numbers
of tendons are then shown as recommended values, and
the user can override them if required. Once the number of
tendons for each span has been fixed, the program attempts
to find an optimum single level of initial prestress for all
strands (this often appears to be the maximum permissible).
If the minimum force required generates excessive
compressive stresses, the section is deemed to have failed.

Tendons are assumed to be level through supports and
follow a parabolic profile between. The points of inflection
are taken to be at /10 of the clear span points.

Besides number of tendons, the main user control is to adjust
the value of P,/ P,. This adjusts the number of tendons. One
would rarely need to adjust tendon heights.

The checks carried out are listed below.
¢ Tendons (a)

o Stresses at transfer (b)

e Stresses in service (c)

¢ ULS MOR (d)

o Shear (e)

¢ Vibration (f)

¢ Deflection (g)

¢ Neutral axis depth

¢ Rebar stress

In the spreadsheet, those that are unsatisfactory are
highlighted and directions are given for further information.

There are also two charts. The ‘efficiency’ chart gives the
user an idea of how hard the section is working or how far
it is out. The second chart, ultimate limit state moment
envelope and moments of resistance (capacity), should be
used in conjunction with choosing amounts of bonded
reinforcement.

The third page (SUMMARY iii) shows stresses at transfer and
in service in both tabular and chart form. It should be noted
that, in keeping with current practice, moments are
considered at the face of columns. Thus peak moments are
not necessarily at column centrelines and moments might
be different each side of an internal column. Definition of
tendon height is theoretically for the whole of the profile
at supports. The convention used in the stress charts is:

¢ Red squares - tension, blue circles - compression
¢ Solid markers - bottom, hollow markers - top
¢ Dotted lines - permissible stresses
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The fourth page (SUMMARY iv) gives details of shear
envelopes, vibration and deflection together with support
reactions and column moments.

DETAILS!

Over nine pages, DETAILS! shows detailed calculations
regarding section properties, distribution factors, moment
distribution used for the sub-frame analysis, profiling
constants, pre-stressing losses, balanced loads, ULS moment
and shear checks, and finally vibration.

DEFLECT!

The deflection sheet gives details of calculations dealing with
defections. The sheet entitled Graf! shows graph data
extracted from each sheet.

TYPICALC!

This sheet is intended to illustrate typical calculations for a
particular point in a span in order to show how all the criteria
are satisfied. The sheet illustrates the transfer and service
stress checks and the calculation of Moment of Resistance
carried out in tabular form in Graf! The point chosen is at %
span and is highlighted in Graf!

Graf!

Graf! provides the data for the charts of the configuration
and loads, tendon profile, equivalent loads, ULS moments
and capacities, shear envelopes, deflections, stresses at
transfer and stresses in service within SUMMARY! Each chart
is plotted at '/20 points along each span. Many values within
Graf! are used and checked for being minima or maxima for
the various criteria. For instance it may be here that problems
with hogging moments are found.
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Project  Spreadsheets fo BS 8110 g REINFORCED CONCRETE COUNCIL

Client Advisory 6 roup Wi |Made by Date Page

Location Level2-BeamonGrid7 RNW 01-Sep-99 66
POST-TENSIONED ANALYSIS & DESIGN fo BS 8110:1997 Checked Revision Job No
Originated from RCC42.xls on CD ®©1999RCC chg - R63

POST-TENSIONED ANALYSIS & DESIGN o BS 8110:1997 - GENERAL DATA

LOAD C ONBINATIONS NOTES
SLS1 Initial prestress + OW + construction load on all spans INPUT IS UNDERLINED.
INITIAL SLS 2 Initial prestress + OW + construction load on odd spans FRAMES ARE
SLS 3 Initial prestress + OW + construction load on even spans ASSUMED TO BE
SLS 4 Final prestress + dead + imposed load on all spans
FINAL SLS S Final prestress + dead + imposed load on odd spans
SLS 6 Final prestress + dead + imposed load on even spans
ULS 1 Final prestress + factored dead and imposed load on all spans
ULTIMATE ULS 2 Final prestress + factored dead + factored imposed load on odd spans
ULS 3 Final prestress + factored dead + factored imposed load on even spans
DJEFLECTION SLS 7 Final prestress + dead + 30% imposed load on odd spans |
LOAD FACTORS min___ max VBRATION
DEAD 1 1.4 Limiting reponse factor= &
IMPOSED ) 1.6
OPTIONS | Stressing Ends B (L, R, BYrestress system U (U,B) Assume 20% max redistribution
Jacking Flstrength 0.7 BS &110Class 2 (Clause 4.1.2)
Slab orbeam B (BorS)iting crack width 0.2 mm
| Damping, 2 (2% 1 8% ) 5%
MATERIAL} ONCRE TE fou = 40 Ec28= 28 oc=13.20 ot=5.00 unmodified
Atdays 4.80 foi = 25.04 Eci=21.72 oic=10.02 ait = 3.20 unmodified
C ementcontent 330 /IC ratio 0.55 OPC orRHPC 2 OPC
Ave ambientduring curing = 15°C  Longterm R/H % 50 ym=1.50
STRAND fpu= 1860 Ap,mmz:100 b= 0140 K = 00010
Ep=195 Rel% = 2 ‘raw in= © Depth to strand centre = 40
REBAR fy = 460 COVERS Top Botbm Sides
ym =1.05 |wiinke 25 25 25

LOADING SEQUENC Permanentioads ford assessm  30% oflmposed is permanent
Load | @Age | fout Et /] Ee
kN/m2 days N/mme | kN/mm2| Creep |kN/mm?2
Owhweight | 138 4.0 | 25.04 | 21.72 | .64 | 468
Applied dead | 42.00 a0 2890 | 27.54 | 214 878

Quasi-Permanentimposed| 9.60 -=-
COMBINED 5.4 - - 2559 | 2.45 7.4

NOTES on MATERIALS

BRITISH LOW RELAXATION S TRAND

Type Dia  Area Breaking Weight RELAXATION at0.7fpu
Standard 152 139 1670 1.090 AmbienteC 20 40 e0 &0 100
12.5 93 1770 0.720 Relaxation 1.6 35 5.1 75 107
Super 187 150 1770 1.180

12.9 100 1860 0.785
Compact 15.2 1e6 1820 1.295
12.7 112 1860  0.690
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Froct  Spreadsheets to BS 8110 g REINFORCED CONCRETE COUNCIL
Client AdvisoryGroup B fMade by Date Page
Location Level2-Beam onGvid 7 RNW 01-8ep-99 67
POST-TENSIONED ANALYSIS 6 DESIGN to BS 8110:1997 |Checked Revision Job No
Originated from RCC42.xls on CD ©1999RCC chg - R68
SUMMARY |: Dimensions and Loads
NORMAL DIRECTION
SPANS Lm Hmm bwmm hfmm Secion bfmm NoBays BAYWIDTHm
SPAN 1 12.000 525 1800 200 T 3000 5 6.000
SPAN 2 12.500 525 1800 200 T 3000 5 ©.000
SPAN 3
SUPPORTS ABOVE v Hmm B mm EndCond BELOW » Hmm Bmm EndCond
SUPPORT 1 4000 200 600 F
SUPPORT 2 4000 300 600 F
SUPPORT 3 K
SUPPORT 4

Stressed from Both Ends

CONFIGURATION BEAM supporting Solid Slab to BS8110 Class 3 (0.2 mm crack width), fou = 40,

0 -

LOADING UDLs~kN/m (char), PLs~kN (char), Position~m

I

=

Applied Imposed Posifion Loaded Applied Imposed Position Loaded
SPAN1 ow Dead Load from left Length |SPAN 3| OW Dead Load from left Length
UDL | 12.81 42.00 22.00 ~mmmm mwmmms vy ~mmes mmmes
5 R 5 R
rL2f{ o~~~ L2  ~eeas
PartUDL PartUDL
Consimetion| ~~~vnn  ~onnn 18.00 ~mmmn e Csirefion | ~~~~ s s
SPAN 2
UDL | 12.81 42.00 22.00 ~mmmm mwmmms
P N T e
L2 e GLOBAL STATUS
PartuDL
Constuefion| ~~~~n  ~annn 18.00 ~mmmn  mmman
TENDONPROFILE (heights to strand centre: see heights specified under TENDONS below)
| 4I50 I
5po /\ e

43

kN/m

T
240 kN /m

KN7m

T&IKN/m |

-6l kN/m

Ok

-D6KkN/m
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Project  $preadsheets fo BS 8110 y REINFORCED CONCRETE COUNCIL
Client  Advisory G roup asgy ||Made by Date Page
Location LevelZ-Beam onGrid 7 RNW 01-Sep99 68
POST-TENSIONED ANALYSIS & DESIGN fo BS 8110:1997  (Checked Revision Job No
Originated from RCC42.xls on CD ©1999RCC chg - R68
SUMMARY ii: Tendons & bonded reinforcement
(a) TEND ONS Pi=130kN PHPi= 90.0% PfPi= 80.0% kN
No of STRANDS | Supt!l | Spani Supi2 Span 2 Supt3 Span 3| Supt4
Recommended 22 23 25 25 25 25 @) @) o}
Use 24 24 24 24 24 24 0 0 0
Recommend’d heigh| 295 40 485 40 295 0
Heightmm 200 40 480 480 40 200 200 o]
Length Straightmm | 150 150 150 ] ] 0
x 1o max Sag mm 5311 7006 o]
PikN 2765 2759 2757 2757 2759 2765 @) @) (0]
Balance Load kN 278.0 571.5 254.2 201 .2 0.0 0.0
PfkN 2501 2496 2492 2492 2496 2501 0 0 (0]
Balance Load kN 251.5 235.86 5204 2306.2 0.0 0.0
CHECKS EFFICENCY = | 90% |
Tendons (2) 0 »(C) 74%]
Stresses attransfer (b) 0 b(r) | AN% ]
Stesses inservice (¢) 0 o) | 0% ] |
ULS MOR (d) 0 o() | 5% ]
Shear(e) 0 al 96% |
Vibration () OK o o] | }
Deflection (g) OK 1 ‘ ‘
Neutral axis depth 0K L | |
Rebarstress QK o I =7 | ; ;
% 42% 8%, 125%
GLOBAL STATUS VALID DESIGN
REINFORCENENT Inputbonded rebar arrange ment(Support bars cutailed at 0.21.)
Suptl | Span1i Supt2 Span 2 Supt 3 Span 3| Supt4
Main bar & 16 20 20 12 20 20 16
No 20 20 20 20 20 20 20
% 0.426% | 0.665% 0.665% 0.229% 0.665% 0.000% | 0.000%
Link@ =| 10
No oflege 5 e) & 8 & & & e) 8

(d)ULS MONENTS W ith bonded reinforcement
Suptl | Span1i Supt2 Span 2 Supt 3 Span 3| Supt4
Mu 42,7 115221 [1531.7 1B02.2|1765.2| 11.5 0.0 0.0 0.0
MOR |1362.9|2495.4| 22527 2252718151 |1681.3 0.0 0.0 0.0

0o ULS MOMENT ENVELOPE MOR B
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Project  Spreadsheets to BS 8110 REINFORCED CONCRETE COUNCIL

Client Advisory Group — |[Made by Date Page

Location  Level 2 - Beam on 6rid 7 RMW 24-Nov-99 69
POST-TENSIONED ANALYSIS & DESIGN to BS 8110:1997 Checked Revision Job No
Originated from RCC42xls on CD @ 1999 RCC chg - R63

SUMMARY iii STRESSES
(b) STRESSES at TRANSFER

Suptl | Spani Supt 2 Span 2 Supt 3 Span3 | Supt4
Tendon height| 2868 418 4623 4624 4.9 2852 00 00 0.0
Pi| 2764.9 | 27591 | 27666 27566 | 27692 | 27649 00 00 0.0
Max Compression| 313 749 627 608 7.51 2.92 0.00 0.00 0.00
Max Tension| 0.00 -1.69 -2.75 -250 -1.70 0.00 0.00 0.00 0.00
(" STRESSES AT TRANSFER R

Col centres

—6—Com-Top —@—Com-Btm —M—Ten-Btmx4 ==8B==Ten-Topx4 = = = =Comlimit = -Mk = TenLimtx4

(c) STRESSES in SERVICE

Suptl | Spani Supt 2 Span 2 Supt 3 Span3 | Supt4
Tendon height| 2868 | 405 4623 4624 407 2852 00 00 0.0
Pl 28011 | 24959 | 24933 24933 | 24961 | 25011 00 00 0.0
Max Compression| 353 556 1049 1061 6.81 406 0.00 0.00 0.00
Max Tension| 0.00 -2.3% 441 4.5 -295 | -040 0.00 0.00 0.00
ey STRESSES IN SERVICE h
20M = = = = = = = = = == ®=®=®%®m®=+=;°®w=@%@=="=;=8%=8%+%=#%#=#2#2== n
N - fﬁ oo B P i
1~ \ N
10
5
;} i gM- R v\S\..
(—— —©—Com-Top —@—Com-Btm —w—Ten-Btmx4 ==8==Ter-Topx4 =| = =ComLimit = B =TenlLimitx4 Col centres

-
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Project  Spreadsheefs fo BS 8110 RENORCER | REINFORCED CONCRETE COUNCIL
Client  Advisory & roup o [[ade by Date Fage
Location Level2-BeamonGrid 7 RNW 01-Sep99 70
POST-TENSIONED ANALYSIS & DESIGN 1o BS 8110:1997  |Checked Revision Job No
Originated from RCC42.xls on CD ©1999RCC chg - R68
SUMMARY iv
(¢) SHE AR Linkd =10
Spani Span 2 Span 3
Left Right Left Right Left Right
% 6360 &62.1 2193 677.9 0.0 0.0
cracke d?| N Y Y N N N
Ve |1296.8 7368 757.3 13968 0.0 0.0
No oflegs & & & & & &
Link spacing 3715 375 375 375

ULS SHEAR ENVELOPE

000 3 :
~C50.5 \%\ i

=
UV u
1

O uU

| 677.9
-1000 =901 .4 g
-1500 )

A VIBRATION $pan i $pan 2 Span 3

Response factor| 0.62 0.7% 0.00
oK oK OK

(3) DEFLECTION
s MAXDEFLECTIONS

@ . i - T T~a I
5 -~ o i - 9.20 L i
P - S~ ~ . ! - " -~ - . |
b | |
5 i @
4 ' !
e I |
s 9.8 i i
Y i i
\ -20 = = = =Transfer Final —-—-— Col centres ZAe;oAzxia
Span1 =10mm <48 OK Span2=164mm <50 OK
SUPPORTREACTIONS Suptl Supt2 Supt3 Supt 4
ULS 4 650.5 1840.2 o77.9 0.0 kN
ULs 5 cB55.4 12621 232.0 0.0 kN
ULS 6 1991 1409.3 ©77.9 0.0 kN
DEAD 274.4 803.8 289.0 0.0 kN
IMPOSED 147.0 4844 152.6 0.0 kN
COLUMN MOMENTS Suptl Supt2 Supt3 Supt4
ULS 4 Abowe 0.00 0.00 0.00 0.00 kNm
Below 0.00 0.00 0.00 0.00 kNm
ULS 5 Above 0.00 0.00 0.00 0.00 kNm
Below 0.00 0.00 0.00 0.00 kNm
ULS ©  Abowe 0.00 0.00 0.00 0.00 kNm
Below 0.00 0.00 0.00 0.00 kNm
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Project  Spreadsheets to BS 8110 REINFORCED CONCRETE COUNCIL
Client AdViSOYY Gl'oup T iade by Date Page
Location Level 2 - Beam on Grid 7 RMW | 26-Nov-99 N
POST-TENSIONED ANALYSIS & DESIGN to BS 8110:1997 Checked Revision Job No
Originated from RCC42.xls on CD © 1999 RCC GI'IQ - Rss
TYPICAL CALCULATION BS 8110
for Span 1 at 2.60 m from C/L of LH support Reference

Class 3 Tee section, h =525 mm, bw=1800 mm hf = 200 mm, bf =3000 mm.
Ac =1185000mm2, Ztop =120.0E6 mm?3, and Z bottom = 93.3E6 mm?3

Tendons are unbonded, Ap = 100mm2, fpu = 1,660 N/mm2 and 75.9 mm from eoffite
There are 24 tendons, jacked to 1,502 N/mm?2 or 70.0% fpu

Prestress losses at this section are -2,500.7 kN at transfer and -2,237.1 kN longterm

(b) Stresses at transfer 435
M = 394.4 kNm hogging, and prestressing force = 2,761.1 kN

Max compreesion (bottom) = MIZ + PIA = 294.4E3 [ 92.3 + 2,761.11 1165 = 6.56 N/mm?
< 10.02 N/mm? allowed
Max tension (bottom) = M/Z - PIA = -158.3E3 / 93.3 - 2,761.1 / 11865 = 0.96 N/mm?2
< 3.00 N/mm? allowed
(c) Stresses in service 434

M = 400.5 kNm sagging, and prestressing force = 2,497.5 kN
Max compression (top) = 400.40EG [ 120.0EC + 2,497 5E3 [ 1185ES = .44 N/mm?

< 13.83 N/mmé? allowed
Max tension (bottom) = 400.46 / 93.3 - 2,4975 / 1165 = 2,18 N/mm?2
< 4.75 N/mm? allowed
(<) MOR at ultimate limit state 437
M =1,382.7 kNm sagging, and prestressing force = 2,497.5 kN

fpe = 1000 x 2,497.5 | 24 /100 =1,040.6 N/mm?
Reinforcement d = 480 mm

Rp =1860 x 100 x 24 1 40 / 3000 / (525 - 75.60) = 0.063
fpe/fpu = 1,040.6 /1860 x 1.05 = 0.567
Lte =12,250 mm
fpb (unbonded)
=1,040.6 + 7000 x (525 - 75.60) /12,250 (1-1.7x 0.083) =1,261.1 N/mm? Eq 52
Tendon force = 1,261.1 x 24 x 100 / 1000 = 3,026.7 kN
Rebar force = 460 /1.05 x 6,265 /1000 = 2,752.6 kN
Total tensile force = 3,026.7 + 2,752.6 = 5,779.4 kN
Compression block depth, dn =1000 /5,779.4 ] 045 [ 40 | 3000 =107.03 mm
MOR = (3,026.7 ( 525 - 75.9 - 107.03 ] 2) + 2,752.6 x (460 - 107.03 [ 2)) / 1000 Eq 51
=2,371.4 kNm > 1,582.7 ok
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Project §preadsheets fo BS 8110 % REINFORCED CONCRETE COUNCIL
Client  Advisory G roup 1 |Made by Date Page
LocatiorLevel2 ~Beam on Grid 7 RNW 01-8ep99 12
POST-TENSIONED ANALYSIS  DESIGN fo BS 8110:1997 Checked Revision Job No
Originaled from RCC42.xls on CD © 1999 RCC u}lg Re_@
DETAILED CALCULATIONS
SECTION PROPERTE §
Suptl | $pant Supt2 $pan 2 Supt3 0 0
Flange area, Af 240000 240000 (0]
Web area, Aw 245000 245000 0]
Totzlarea, Ac 11 85000 11 85000 0
Flange YF 100 100 o
Web Yw 262.5 2625 0
s =Ac.Y 2.7E+08 2.7E+08 o}
e 229.59 229,59 0.00
Yb 295.41 295.41 0.00
If 4,88 +09 4.8E +09 0
w 2.3E+10 2.3E+10 0
5 =1xx 2.8E+10 2.8E+10 0
71 1.2E+08 1.2E+08 0
Zb 9.3E +07 9.BE +07 0
em| 459 | 25541 | 18459 18459 | 25641 | 452  B00.0C | 0.00 |####u#s
st 1.045 | 1.521 | 2822 2822 | 1.521 | 1.045 0000 | 0.000 | 0.000
Sb| 0942 | 4244 | 1.345 1345 | 4244 | 0242 0000 | 0.000 | 0.000
DISTRIBUTION FAC TORS
HUAR surPT 2 SUPT 3 SUPT 4
Upcol Locol R L Upcol Locol R L Upcol Locol R L Upcol Locol
| o 1.35E+09 2.76E+10[2.76E+1 0 (0] 1.35E+09 2.76E+10(2.76E+10 [¢] [¢] (o) (o) (o) [¢]
Stiffness o 2.38E+08 2.2E+09 | 2.3E +09 (9] 2.38E+086 2.2E+09 | 2.2E+09 o] o] o] o] o] o]
Sum 2.EBE+09|4.84E +09 2.2E+09 (0]
Factor | 0.0000 01281 02719 | 0.4746 0.0000 0.0697 0.4556 | 1.0000 0.0000 0.0000 0.0000 | 1.0000 0.0000 0.0000
PariialUD L factors
[ 1 2 3
a ol o] o]
1] o 0 o
FIXED END MOMENTS
OWN SPAN1 SPAN 2 SPAN 3 APPLEED DEAD SPAN1 SPAN 2 SPAN 3
WEIGHT| L R L R L R L R L R L R
C ant] 994.0 |1078.6 0.0 C ant| 2024.0 | 5281.% 0.0
UDL| 1687 1657 | 1798 1798 | 00 0.0 UDL| BO4.0 BO4.O | B469 5469 | 0.0 0.0
FL1| 00O 0.0 0.0 0.0 |#DW/OI #DW 0! FL1| o0 0.0 0.0 0.0 |#DW /I #D WV /O
FL2| 00 0.0 0.0 0.0 |[#DWV/OL #D W JO! FL2| 00 0.0 0.0 0.0 |#DW /0L #D IV /O
artUDL| 0.0 0.0 0.0 0.0 0.0 0.0 partUDL| 0.0 0.0 0.0 0.0 0.0 0.0
f FEM| 1697 1657 | 1798 1792 0.0 0.0 FEM| 5040 5040 | 5469 546.9 0.0 0.0
INPOSED CONSTRUCTION
Cant] 2304.0 | 2600.0 0.0 C ant| 1296.0 | 14063 0.0
UDL| 284.0 3840 | 4167 4187 0.0 0.0 UDL| 21860 2180 | 2244 2244 | 00 0.0
FL1| 00 0.0 0.0 0.0 |[#DWV/OL #D W JO! FEM| 2160 2160 | 2344 2344 | 0.0 0.0
FL2| 00O 0.0 0.0 0.0 |[#DW/OI #DW 0!
artUDL| 0.0 0.0 0.0 0.0 0.0 0.0
FEM| 3840 3840 | 467 4167 0.0 0.0
MONENTDISTRIBUTION
HiCol SUPT1 LoCol HiCol SurPT 2 LoCol HiCol SUPT 3 LoCol HiCol SUPT 4 LoCol
OWN -165.7 1657 0.0 0.0
WEBHT| 00 1444 212 0.0 786 756 -11.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
000 -39.3 72.2 0.0 -37.7 0.0 0.0
SPANS | OO 4.3 5.0 0.0 345 229 B0 0.0 7.7 0.0 0.0 0.0 0.0 0.0
A7 174 189 165 0.0 0.0
0.0 14.9 2.2 0.0 474 164 25 0.0 185 0.0 0.0 0.0 0.0 0.0
-85 7.5 8.2 8.2 0.0 0.0
0.0 7.5 1A 0.0 7.5 7.2 KN 0.0 8.2 0.0 0.0 0.0 0.0 0.0
3.7 3.7 4. 3.6 0.0 0.0
0.0 2.2 05 0.0 3.7 3.6 -0.5 0.0 2.6 0.0 0.0 0.0 0.0 0.0
1.9 1.6 1.8 1.8 0.0 0.0
0.0 1.6 0.2 0.0 1.6 1.6 -0.2 0.0 1.8 0.0 0.0 0.0 0.0 0.0
0.8 0.8 0.9 0.8 0.0 0.0
0.0 0.7 o1 0.0 -0.8 -0.8 0.1 0.0 0.8 0.0 0.0 0.0 0.0 0.0
s 0.0 -30.4 304 0.0 12510 4040 241 0.0 0.0 0.0 0.0 0.0 0.0 0.0




BEAMS —

RCC42

— DETAILS

Project Spreadsheets fo BS 8110

REINFORCED CONCRETE COUNCIL

Client Advisory G roup win  ||Made by Date Page
Locatior Level 2 ~Beam on Grid 7 RNW 01-5ep99 13
POST-TENSIONED ANALYSIS & DESIGN to BS8110:1997 Checked Revision Job No
Originaled from RCC42.xls on CD ©1999RCC c]lg - R@
DETAILED CALCULATIONS ii
HiCol SUPT1 LoCol | HiCol suPT2 LoCol | HiCol SUPT3 LoCol | HiCol SUPT4 LoCol
OWN -179.8 179.6
WEIGHT| ©0 0.0 0.0 00 853 &.9 125 0.0 1798 00 0.0 0.0 0.0 0.0
EVEN 42.7 0.0  -89.9 4.0 0.0 0.0
SPANS | 00 372 55 0.0 427  M4.0 6% 00 4.0 00 0.0 0.0 0.0 0.0
21.3 186 205 20.5 0.0 0.0
00 186 27 00 185 178 2.7 00 205 00 0.0 0.0 0.0 0.0
9.% 235 02 8.9 0.0 0.0
0.0 81 4.2 0.0 9.% 8.9 1.4 0.0 8.9 0.0 0.0 0.0 0.0 0.0
4.6 40 45 4.5 0.0 0.0
0.0 4.0 06 0.0 4.0 %9 0.6 0.0 4.5 0.0 0.0 0.0 0.0 0.0
2.0 2.0 22 1.9 0.0 0.0
0.0 1.6 03 0.0 2.0 1.9 0.% 0.0 1.9 0.0 0.0 0.0 0.0 0.0
1.0 0.9 1.0 1.0 0.0 0.0
0.0 0.9 01 0.0 0.9 0.8 o1 0.0 1.0 0.0 0.0 0.0 0.0 0.0
3 0.0 104 404 | 00 1279 4518 239 0.0 0.0 0.0 0.0 0.0 0.0 0.0
INPOSED -384.0 284.0 0.0 0.0
00D 0.0 33486 492 0.0 83 1750 268 | 00 0.0 0.0 0.0 0.0 0.0 0.0
SPANS 911 167.4 00 875 00 0.0
00 795 117 00 795 76% 1.7 | 00 @ 875 0.0 0.0 0.0 0.0 0.0
-39.7 397 437 281 0.0 0.0
00 346 51 0.0 %96 380 58 00 381 0.0 0.0 0.0 0.0 0.0
198 17.%2 191 120 00 0.0
00 173 2.5 00 7% 66 25 0.0 190 0.0 0.0 0.0 0.0 0.0
8.6 8.6 9.5 -85 0.0 0.0
0.0 7.5 1.1 0.0 86 83 1.5 0.0 8.5 0.0 0.0 0.0 0.0 0.0
4.3 2.8 44 4.1 0.0 0.0
0.0 %8 0.6 0.0 58 B6 -06 0.0 4.1 0.0 0.0 0.0 0.0 0.0
1.9 1.9 2.1 1.8 0.0 0.0
0.0 1.6 0.2 0.0 1.9 1.8 03 0.0 1.8 0.0 0.0 0.0 0.0 0.0
b3 0.0 04 704 0.0 2809 24.0 489 0.0 0.0 0.0 0.0 0.0 0.0 0.0
INPOSED -4 67 # 67 0.0
EVEN | 00 0.0 0.0 0.0 197.86 1898 291 0.0 467 00 0.0 0.0 0.0 0.0
SPANS 98.9 0.0 2083 24.9 0.0 0.0
00 862 27 | 00 989 949 145 0.0 949 00 0.0 0.0 0.0 0.0
49.4 431 475 47.5 0.0 0.0
0.0 431 635 0.0 430 M3 6% 0.0 475 00 0.0 0.0 0.0 0.0
21.5 21.6 257 20.6 0.0 0.0
00 187 2.8 00 215 206 @ 32 00 206 00 0.0 0.0 0.0 0.0
107 24 105 103 0.0 0.0
0.0 9.4 4.4 0.0 9.% 2.0 1.4 00 40% 00 0.0 0.0 0.0 0.0
4.7 4.7 5.2 4.5 0.0 0.0
0.0 44 0.6 0.0 4.7 4.5 0.7 0.0 4.5 0.0 0.0 0.0 0.0 0.0
2.% 2.0 22 2.2 0.0 0.0
0.0 2.0 03 0.0 2.0 1.9 0.% 0.0 2.2 0.0 0.0 0.0 0.0 0.0
3 0.0 240 240 00 29%4 3518 554 0.0 0.0 0.0 0.0 0.0 0.0 0.0
APPLID -504.0 504.0 0.0 0.0
DEAD 0.0 4294 46 | 00 2392 2296 -252 | 00 0.0 0.0 0.0 0.0 0.0 0.0
00D 1196 2197 00 1148 00 0.0
SPANS | 00 1043 153 0.0 1043 1001 53| 00 1148 00 0.0 0.0 0.0 0.0
521 52.1 57.4 50 0.0 0.0
00 455 6.7 0.0 B20 499 7.6 00 501 0.0 0.0 0.0 0.0 0.0
26,0 227 250 250 00 0.0
00 227 2% 0.0 227 21.6 33 00 250 0.0 0.0 0.0 0.0 0.0
11.% M3 125 1098 00 0.0
0.0 2.9 1.5 00 1.3 408 A7 00 109 0.0 0.0 0.0 0.0 0.0
5.7 4.9 5.4 5.4 0.0 0.0
0.0 4.9 0.7 0.0 4.9 4.7 0.7 0.0 5.4 0.0 0.0 0.0 0.0 0.0
2.5 2.5 2.7 2.4 0.0 0.0
0.0 2.1 0.% 0.0 2.5 2.4 0.4 0.0 2.4 0.0 0.0 0.0 0.0 0.0
h3 00 924 924 | 00 32805 363 642 0.0 0.0 0.0 0.0 0.0 0.0 0.0




BEAMS — RCC42 — DETAILS

Project Spreadsheets 1o BS 8110 REINFORCED CONCRETE COUNCIL
Client Advisory G roup smam  [Made by Date Page
LocatiorLevel2 ~Beam on Grid 7 RNW 01-5ep-99 14
POST-TENSIONED ANALYSIS & DESIGN to BS 8110:1997 Checked Revision Job No
Originated from RCC42.xle on CD ©1999 RCC chg - RQ@
DETAILED CALCULATIONS il
HiCol SUPT1 LoCol HiC ol SUPT 2 LoCol HiCol SUPT 3 LoCol HiCol SUPT 4 LoCol
APPLID -546.9 546.9 0.0
DEAD 0.0 0.0 0.0 0.0 259.6 2492 381 00 B469 00 0.0 0.0 0.0 0.0
EVEN 129.8 0.0 2734 1246 00 0.0
SPANS | 00 1132 166 0.0 1298 1246 191 0.0 246 00 0.0 0.0 0.0 0.0
64.9 566 -62.3 62.% 0.0 0.0
0.0 56.6 -85 0.0 564  B42 8.5 0.0 -62.% 0.0 0.0 0.0 0.0 0.0
28.2 2835 311 27.1 0.0 0.0
0.0 246 3.6 0.0 282 274 4.4 0.0 271 0.0 0.0 0.0 0.0 0.0
141 123 135 125 0.0 0.0
0.0 125 1.8 0.0 123 11.8 1.8 0.0 135 0.0 0.0 0.0 0.0 0.0
6.1 -6 6.6 5.9 0.0 0.0
0.0 5.3 0.8 0.0 &1 5.9 0.9 0.0 5.9 0.0 0.0 0.0 0.0 0.0
3.1 2.7 2.9 2.9 0.0 0.0
0.0 2.7 -0.4 0.0 2.7 2.6 0.4 0.0 2.9 0.0 0.0 0.0 0.0 0.0
b3 0.0 3NS5 0.0 380.0 4618 727 0.0 0.0 0.0 0.0 0.0 0.0 0.0
216.0 216.0 0.0 0.0
© 00 1883 277 0.0 1025 984 A5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
E 51.5 94.2 0.0 -49.2 0.0 0.0
4 0.0 44.7 6.6 0.0 447 429 -6.6 0.0 492 0.0 0.0 0.0 0.0 0.0
= 22.3 223 246 215 0.0 0.0
H 0.0 195 2.9 0.0 225 214 33 0.0 21.5 0.0 0.0 0.0 0.0 0.0
I A1 9.7 10.7 107 0.0 0.0
2 0.0 9.7 1.4 0.0 9.7 2.3 1.4 0.0 10.7 0.0 0.0 0.0 0.0 0.0
é -4.9 4.9 5.5 -4.7 0.0 0.0
S 0.0 4.2 0.6 0.0 4.8 4.6 -0.7 0.0 4.7 0.0 0.0 0.0 0.0 0.0
2.4 2.1 2.3 2.3 0.0 0.0
0.0 2.1 0.3 0.0 2.1 2.0 -0.% 0.0 2.% 0.0 0.0 0.0 0.0 0.0
-1 1.1 1.2 -1.0 0.0 0.0
0.0 0.9 0.1 0.0 A 1.0 -0.2 0.0 1.0 0.0 0.0 0.0 0.0 0.0
3 0.0 3906 39.6 0.0 1631 41356 215 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2344 2%4.4
. 0.0 0.0 0.0 00 111.2 1068 163 0.0 2344 00 0.0 0.0 0.0 0.0
E 55.6 0.0 1172 5%.4 0.0 0.0
d 0.0 485 7.4 0.0 556 534 8.2 0.0 53,4 0.0 0.0 0.0 0.0 0.0
g 27.8 242 267 26.7 0.0 0.0
s 0.0 242 5.6 0.0 242 232 2.6 0.0 -26.7 0.0 0.0 0.0 0.0 0.0
= 124 21 133 11.6 0.0 0.0
13 0.0 105 1.5 0.0 121 11.6 1.8 0.0 1.6 0.0 0.0 0.0 0.0 0.0
& 6.0 53 58 5.6 0.0 0.0
2 0.0 5.3 -0.8 0.0 5.5 5.0 0.8 0.0 5.8 0.0 0.0 0.0 0.0 0.0
. 2.6 2.6 2.9 2.5 0.0 0.0
0.0 2.3 -0.3 0.0 2.6 2.5 0.4 0.0 2.5 0.0 0.0 0.0 0.0 0.0
1.3 A1 1.3 1.3 0.0 0.0
0.0 14 -0.2 0.0 1.1 1. 0.2 0.0 1.3 0.0 0.0 0.0 0.0 0.0
3 0.0 135 435 0.0 166.7 4979 3.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ELASTIC SUPPORTMONPBEFORE EQUIVALENT LOADING (32.2.1.2.2)
SUPT1 SUPT 2 SUPT3 SUPT 4
LEFT  RIGHT | LEFT  RIGHT
sLs1 | 461 | Beze 5892 | 00 0.0 0.0
sls2 | 596 | 4160 221.3| 00 0.0 0.0
sLS3 | 65 | 4197 4837 | 00 0.0 0.0
sLs 4 | 127.2 |16088 16267 | 0.0 0.0 0.0
sLs5 | 151.3 [1312.4 12748 00 0.0 0.0
slse | es (13189 12857 00 0.0 0.0
SLS7 | 102.0 |11094 11394| 0.0 0.0 0.0 1.9 09.
ULS 1 | 187.4 |2369.6 22959 0.0 0.0 0.0 Minload 1.0 xdead
ULs 2 | 242.6 |16885 1587.5| 0.0 0.0 0.0 Max load 04 xdead+ 1.6 ximposdable 2.1)
ULe® | 257 |17035 1842.2| 0.0 0.0 0.0
REDISTRIBUTION 20% (3.2.2.1)
Rb - 80% Rb + 110%
Max M | 194.1 19167 0.0 0.0
ULS1 | 1941 |19167 19167| 0.0 0.0 0.0
ULS 2 | 1941 |1857.4 1746.3| 0.0 0.0 0.0
ULS 3 | 282 |1873.9 19167| 00 0.0 0.0




BEAMS — RCC42 — DETAILS

Project Spreadsheets o BS 8110 REINFORCED CONCRETE COUNCIL
Client Advisory G roup win  [Made by Date Fage
Locatior Level 2 -Beam on &vid 7 RNW 01Sep99 75
POST-TENSIONED ANALYSIS & DESIGN to BS 8110:1997 Checked Revision Job No
Originated from RCC42.xls on CD ©1999RCC chg - Rss
DETAILED CALCULATIONS iv
TOTAL LOADS
Span1 Span 2 0

upL PL1 PLZ partUD | UDL PL1 PL2 partUD | UDL PL1 PL2 partUD
S5LS1 | 8817 0.0 0.0 00 | 3976 00 0.0 0.0 0.0 0.0 0.0 0.0
SLs52 | 381.7 00 0.0 00 | 1726 00 0.0 0.0 0.0 0.0 0.0 0.0
5L53 | 1667 00 0.0 00 | 397.6 00 0.0 0.0 0.0 0.0 0.0 0.0
SL5 4 (10827 0.0 0.0 0.0 |1097.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5L55 [108387 00 0.0 00 |e97.6 00 0.0 0.0 0.0 0.0 0.0 0.0
5L56 | 6697 0.0 0.0 00 |[1097.6 00 0.0 0.0 0.0 0.0 0.0 0.0
5L57 | 7849 00 0.0 00 | 876 00 0.0 0.0 0.0 0.0 0.0 0.0
ULS1 |15851.9 00 0.0 00 |16l 00 0.0 0.0 0.0 0.0 0.0 0.0
ULs2 |1851.9 00 0.0 00 | 697.6 00 0.0 0.0 0.0 0.0 0.0 0.0
ULs 3 | 6697 00 0.0 00 [16166 00 0.0 0.0 0.0 0.0 0.0 0.0

SUPPORT SHE ARS BEFORE EQUIVALENT LOADING
Spani Span 2 Span 3
sLs1 | 1461 236.6 | 245.9 151.6 | 00 0.0
sLs2 [ 1614 2205 | 117.6 55.0 0.0 0.0
5153 | 484 173 | 225.1 1625 | 00 0.0
SL5 4 | 4054 603 | 678.9 se7 | oo 0.0
5155 | 4301 6256 | 450.8 2468 | 00 0.0
L5 6 | 2297 4400 | €59.6 4379 | 00 0.0
5157 | 2085 4764 | 499.9 #7.6| 00 0.0
ULS1 | 632.4 9195 | 961.6 6.0 | 00 0.0
ULS 2 | 637.4 NAG | 4885 200.1 0.0 0.0
ULS3 | 181.0 486.6 | 261.6 5.0 | 00 0.0

SLS SPAN MOMBEFORE EQUIVALENT LOADING

SPAN1| Left <> pu <> PL2 < > Right Loadings 0 0
ElasticV 5L53 484 0 48.4 0 484 100 1173|138 000 000 0.00 |
5L556 4%0.1 0 420.1 0 4201 100 @236 | 8781 000 000 000
Xbar 5153 0.000 0000 0.000 0.000 3506 12
5155 0.000 0000 0.000 0.000 4898 MAX

$panM SL53 6.5 -6.5 -6.5 -6.5 -6.5 784  M97 | 784
5L55 1513 -151.5 AB1.5 -151.3 -151.5 9020 13124| 902.0 at  4.896

SPAN 2 0 0
Elasie V 5152 1176 0 117.6 0 1176 100 550 | 138 000 000 0.00 |
5L56 669.6 0] 59.6 0 669.6 100 4379 | 8781 000 000 000
Xbar 5152 0.000 o) 0.000 0] 8518 12.5
5.5 6 0.000 0 0.000 0 7.512 MAX
SpanM 5L52 291.3 -391.3 -391.% -%91.3 -291.3 1095 0.0 | 1095
S5LS5 6 13867 13867 3857 13867 12867 10921 0.0 |10921 at 7512
SPAN 3 0 0
ElasticV 5L53 00 100 0.0 100 0.0 100 0.0 e (@PD @EYD EEY |
5L55 00 100 0.0 100 0.0 100 0.0 G @ED ©EY 00D
Xbar 5153 0.000 o) 0.000 0] 0.000 0
5L55 0.000 0 0.000 0 0.000 MAX
SpanM 5.5% 00 00 00 00 00 00 00 0.0
5L55 00 00 00 00 00 00 00 0.0 at  0.000

TEND ONS3(z)king load = 1860  Assume 104.2 kN max perstrand

| Supt1 | Span1 Supt2 Span 2 Supt3 0 0

Pfinin ¢} 12907 | 2295.2 25%2.7 |1959.6(-6314.0 0.0 0.0 ¢} 25%2.7 min

Plnax | ######| 2727.9| 51002 501 69| 2811.7 | ###### 0.0 0.0 0.0 2727.9 max

MIN 2295.2 25%2.7 0.0

MAX 2727.9 0K 2811.7 |OK 0.0 [OK 104.2 Pfperstrand

ecomm’ed Numbqd 23 25 1 0.225
Actual Number 24 24 0] Max(MIN):Min(MAX ) = 0.9008&
Recomm’ed heighti 40 40 9] Margin (Min:Max)< 1 0%




BEAMS — RCC42 — DETAILS

Froject Spreadsheets 1o BS 8110 g REINFORCED CONCRETE COUNCIL
Client  Advisory G roup T [Made by Date Page
LocatiorLevel2 -Beam on Grid 7 RNW 01-5ep-99 76
POST-TENSIONED ANALYSIS & DESIGN to BS 8110:1997 Checked Revision Job No
Originated from RCC42.x1s on CD @1999RCC cllg - Rg_a
DETAILED CALCULATIONS v
PROFLING Spant Span 2 0
a 1050 1100 0
X -0.692 0.4091 0 riere e r v
Y 1.758 1.846 o] ' ' t
z 0.91 0% 0.8988 0 - . ___..-7“_ 1
b 5161 6856 0 L - .
¢ | 1080 1250 o ' e e
netl | 11700 12350 0 [ i DI DL 1
N 260 440 ] M RTHHT IO G -
v3 440 260 0 T _ - -
Al | -BE-0B -GE -05 0 - - _
A2 | 1E-0B 1E-05 0
A3 | -eE-05 4E-05 0
ya | 2071 369.4 0.0
ye 269.4 200.8 0.0 STRESSING LENG THS
Stressed from BOTH ends
PRESTRESS LOSSES Pj= 130kN Ap =100  Ltmax = 24650 SPAN No  Length | AVGE
[ Suptt [ Spant Supt2 Span 2 Supt 3 0 0 24 246850
FRICTION & WOBBLE 1 0 24650 | 24650
Angle 8| 0.101 0125 0.128 0.095 0.000 0.000 0 12300
xleft| © 5161 | 11700 11700 | 18556 | 24060 24050 | 24050 | 24050 24 24650
0 @856 | 122360 12350 | 12350 | 122350 2 0 12650 | 24€50
0 0 0 0 12650
x right| 24050 | 18669 | 12350 12350 | 5494 o 0 0 o} 0 24650
24050 | 18889 | 12350 12250 | 5494 o 3 0 12650 0
11700 | @539 o} 0 o}
um g left| o 0202 | 0471 0471 | 0727 | 0917 0917 | 0.917 | 0917
0.000 | 0.257 | 0.446 0.446 | 0.446 | 0.446
0.000 | 0.000 | 0.000
me right| 0017 | 0.715 | 0.446 0446 | 0189 | 0.000 0.000 | 0.000 o}
0917 | 0.715 | 0446 0446 | 0169 o
0471 | 0.269 0
from left| 0.0 | 102.6 | 2223 2333 | 2544 | 441.7 4417 | 441.7 | 441.7
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sum| 00 | 1026 | 2333 2233 | 2644 | 4417 4417 | 441.7 | 441.7
from right| 441.7 | 350.6 | 226.2 2252 | 984 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sum | 441.7 | 2506 | 2252 2252 | 984 0.0 0.0 0.0 0.0 Deanna Troi’s Table
Loss | 2208 | 2266 | 2292 2292 | 2264 | 2206 0.0 0.0 0.0 for Bonded Tendons
DRAW -IN £ z Pi
x left| 200 | B4l | 12000 12300 | 19166 | 24660 24660 | 24650 | 24650 00008 12227 1114 | 1 Left
300 | 7156 | 12650 12650 | 12650 | 12650 0.0000 0 00 | 2Left
0 0 0 00000 0O 0.0 | 3left
X right| 24350 | 19189 | 12650 12350 | 5494 0 0 0 0 00000 0O 0.0 |1 Right
24250 | 19189 | 12660 12350 | 5494 0 00007 12522 1115 |2Right
12000 | 6839 | 300 00000 0 0.0 | ?Right
Px left(B)| 2671.1 | 2768.0 | 28690.9 26655 | 2666.5 | 2665.5 2665.5 | 2666.5 | 2665.5
X right(B) | 26763 | 2676.3 | 26763 28975 | 2774.7 | 26763 0.0 0.0 0.0
Loss | 1139 | 1129 | 1129 1139 | 1129|1129 00 0.0 0.0
ELASTIC LOSS
Loss | 25.1 25.1 265.1 25.1 265.1 25.1 0.0 0.0 0.0
slosses | 359.9 | 3e5.6 | 3622 2682 | 3654 | 3599 0.0 0.0 0.0
|Inifial Ford 2765 | 2759 | 2757 2757 | 2759 | 2765 0 0 0
RELAXATION
Loss | 553 | 852 | 551 55.1 55.2 | 553 0.0 0.0 0.0
SHRINKAGE
loss | 969 | 969 | 969 969 | 269 | 269 0.0 0.0 0.0
CREEF
loss | 1116|1114 [ 1113 1113|1114 | 111.6 00 0.0 0.0
s losses | 262.6 | 2635 | 2653 2633 | 2605 | 263.86 0.0 0.0 0.0
Final Ford 2501 2406 | 2493 2403 | 2406 | 250 0 0 0




BEAMS — RCC42 — DETAIL

Froject §preadsheets 1o BS 8110 REINFORCED CONCRETE COUNCIL
Client Advisory G roup Made by Date Page
LocatiorLevel2 -Beam on 6rid 7 o RMW 01-8ep-99 n
POST-TENSIONED ANALYSIS & DESIGN to BS 8110:1997 Checked Revision Job No
Originated from RCC42.xls on CD @ 1999 RCC chg - R68
DETAILED CALCULATIONS vi
BALANCE LOADS
Suptl Span Supt2 Span 2 Supt3 0 0
Left Right Left Right Left Right Left Right Left Right
vl 260 260 440 440 440 440 260 260 o o o o
a 1050 | 1050 1050 | 1050 1100 | 1100 1250 | 1250 ¢} ¢} *] °]
b 51 61 51 61 6639 | 6539 6856 | 6856 5494 | 5494 o] o] o] o
TIAL PRESTRESS
V1=-Wel 278.03 371.%0 354.1 9 261 .16 0.00 0.00
uDL | 264.8 | -67.6 -67.6 | 35%.6 3220 | -61.5 @&1.5 | 2089 0.0 0.0 0.0 0.0
FINAL FPRESTRESS
V1=-We 251.48 3%5.64 320.36 236.23 0.00 0.00
upL | 2295 | @12 a2 | B1eo 2012 | 557 557 |189.0 00 | o0 0o | oo
BALANCE LOAD Span 1 Span 2 0
Left Right Left Right Left Right
CENTR  all 0.34% 0.460 0.000
ELEFT b/ 0.271 0.330 0.1 00
factor | 0132  0.055 0130 0.073 0.081  0.009
FEM I | -441.2 1850 576.9 -324.1 0.0 0.0
FEMf | -399.7 1673 521.6 2932 0.0 0.0
E all 0.457 0.340 0.800
RIGHT biL 0.671 0.730 0.500
factor | 0.073  0.130 0.055 0132 0.098 0.098
FEMI | -324.3 -581.2 1795 -432.3 0.0 0.0
FEM f | 2933 5257 1623 -391.0 0.0 0.0
LEFT all 0.088 0.088 #D IV /O]
END bl 0.056 0.056 #D IV /Ol
factor | 0.049  0.004 0.049  0.003 #D IV /Ol #D IV /O]
FEMi | 1633 11.7 2157 155 0.0 0.0
FEMf| 1477 106 196.1 14.0 0.0 0.0
RIGHT all 0.088 0.100 #D IV /01
END 28 0.944 0.950 #D IV /01
factor | 0.004  0.049 0.00%  0.044 #D IV /Ol #D IV /O]
FEMi| 157 2180 1041 142.3 0.0 0.0
FEMf| 142 1972 9.1 128.7 0.0 0.0
TOTALS FEMI | 95813 -536.5 530.6 -598.6 0.0 0.0
FEMf | 531.2 -485.2 4799 S54.4 0.0 0.0
BALANCE LOAD MOMENTDISTRIBUTION
HiCol SUPT1 LoCol HiCal SUPT 2 LoCol HiC ol SUPT 3 LoCol HiCol SUPT 4 LoCol
INITIAL 587.3 -5%6.5 530.6 -598.6 0.0 0.0
0.0 8120 752 0.0 2.8 2.7 0.4 0.0 598.6 0.0 0.0 0.0 0.0 0.0
1.4 2566.0 299.3 1.3 0.0 0.0
0.0 1.2 -0.2 0.0 205 197 3.0 0.0 1.3 0.0 0.0 0.0 0.0 0.0
103 -0.6 -0.7 -9.9 0.0 0.0
0.0 2.0 1.3 0.0 0.6 0.6 0.1 0.0 2.9 0.0 0.0 0.0 0.0 0.0
0.3 4.5 4.9 0.3 0.0 0.0
0.0 -0.% 0.0 0.0 4.5 4.3 0.7 0.0 -0.% 0.0 0.0 0.0 0.0 0.0
2.2 -0.1 -0.1 2.1 0.0 0.0
0.0 1.9 0.3 0.0 0.1 0.1 0.0 0.0 2.1 0.0 0.0 0.0 0.0 0.0
0.1 1.0 1. 0.1 0.0 0.0
0.0 -0.1 0.0 0.0 1.0 -0.9 -0.1 0.0 -0.1 0.0 0.0 0.0 0.0 0.0
-0.5 0.0 0.0 -0.5 0.0 0.0
0.0 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0
3 0.0 73.8 138 0.0 8102 8135 3.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2ndy M| 0.0 &1 .1 -5 .1 0.0  -300.9  B04.2 0.0 0.0 12.7 0.0 0.0 0.0 ######E 0.0
FINAL 531.2 -485.2  479.9 -541 .4 0.0 0.0
0.0  -4631  -681 0.0 2.5 2.4 0.4 0.0 541 .4 0.0 0.0 0.0 0.0 0.0
1.3 2%1.6 2707 1.2 0.0 0.0
0.0 A -0.2 0.0 186 178 2.7 0.0 1.2 0.0 0.0 0.0 0.0 0.0
-9.% -0.5 -0.6 -8.9 0.0 0.0
0.0 8.1 1.2 0.0 05 0.5 0.1 0.0 8.9 0.0 0.0 0.0 0.0 0.0
0.3 4.1 4.5 0.3 0.0 0.0
0.0 0.2 0.0 0.0 4.0 3.9 -0.6 0.0 -0.% 0.0 0.0 0.0 0.0 0.0
2.0 -0.1 -0.1 1.9 0.0 0.0
0.0 1.8 0.3 0.0 0.1 0.1 0.0 0.0 1.9 0.0 0.0 0.0 0.0 0.0
0.1 0.9 1.0 0.1 0.0 0.0
0.0 -0.1 0.0 0.0 -0.9 0.8 -0.1 0.0 -0.1 0.0 0.0 0.0 0.0 0.0
-0.4 0.0 0.0 -0.4 0.0 0.0
0.0 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0
3 0.0 66.8  66.8 0.0 <7329 7358 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2nd’ry M| 0.0 553  -B5.3 0.0 2722 2751 0.0 0.0 1.5 0.0 0.0 0.0 0.0 0.0
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— DETAILS

Project Spreadsheets o 8BS 8110

REINFORCED CONCRETE COUNCIL

Client  Advisory G roup s [Made by Date Page
Locatior Level 2 -Beam on Grid 7 RNW 01-Sep-99 18
POST-TENSIONED ANALYSIS & DESIGN to BS 8110:1997 Checked Revision Job No
Originated from RCCA2.xls on CD ©1999RCC c_hg - Rﬁ_@
DETAILED CALCULATIONS vii
SUPPORTMNIOMNEW ITH EQUIVALENT LOADING
SUPT1 SUPT2 SUPT 3 SUPT 4
LEFT RIGHT | LEFT RIGHT
SLS1 | 277 | 2275 2243 | 00 0.0 0.0
SLS2 | 4.2 | -2942 -4222| 00 0.0 0.0
SLS3 | 673 | 3905 -359.9| 00 0.0 0.0
SLS4 | 605 | 875.9 89086 | 0.0 0.0 0.0
SLS5 | 845 | B795 B39.0 | 00 0.0 0.0
sLs6 | 99 | B8BO 6498 | 00 0.0 0.0
SLS7 | 352 | 3766 4036 | 00 0.0 0.0
ULS1 | 127.3 [11829 11809 0.0 0.0 0.0
ULS2 | 1273 [11245 10104 | 00 0.0 0.0
ULS 3 | 285 [1141.0 1180.9| 0.0 0.0 0.0
DEAD | 256 | 7503 7887 | 11.5 0.0 0.0
IMPOSEN 464 | 5863 5928 | 0.0 0.0 0.0
SUPPORTSHEAWITH EQUIVALENT LOADING
Span1 Span 2 0.0
sLs1 | 1eel 200 2186 | 2206 253 177.0| 00 0.0 0.0
sls2 | 1811 200 2006 | 922 25.3 80.3 0.0 0.0 0.0
S5L53 | ee4 200 973 | 2007 sz 187.8| 00 0.0 0.0
SLS4 | 421.4 81 @322 | 6560 229 4416 | 00 0.0 0.0
SLS 5 | 4461 81 @0BSB | 427.86 229 2897 | 00 0.0 0.0
SLS 6 | 247.7 181 421.9 | ©36.7 22.9 460.9 0.0 0.0 0.0
SLS7 | 2266 81 4B83 | 477.0 229 3406 | 0.0 0.0 0.0
ULS 1 e50.5 181 01 .4 | 9287 22.9 a77.9 0.0 0.0 0.0
ULS 2 | 854 o1 8965 | 4666 229 2320 | 00 0.0 0.0
ULS 3 | 1991  <e1 4706 | 9387 229 @77.9| 00 0.0 0.0
DEAD | 274.4 295.2 | 408.6 280.0 | 0.0 0.0
IMPOSEL 147.0 257.0 | 247.4 1852.6 | 00 0.0
ELASTIC
ULS1 6122 181 929.7 | 977.0 22.9 ©29.6 0.0 0.0 0.0
ULS 2 | 673.6 a1 8784 | 452.9 229 2447 | 00 0.0 0.0
ULS 3 | 2131 <21 4566 | 9%2.86 229 @839 | 00 0.0 0.0
ADJUSTED SPAN MOMENTS Loadings 0 0
Spani Left <> PU <> PL2 < > Right | UDL PL1 PL2  puplL 12
v SLS1 1661 0 166.1 0 166.1 100 2156 | 31.8 0.0 0.0 0.0
sLs2 18l 0 1801 0 181.1 100 2006 | 31.8 0.0 0.0 0.0
SLS D 6e4 0 8.4 0 684 100 97.% | 128 0.0 0.0 0.0
SLS 4 4214 0 421 4 0 4214 100 em22 | &7.8 0.0 0.0 0.0
SLS 5 448.1 0 4481 0 4481 100 6055 | &7.8 0.0 0.0 0.0
SLS 6 2477 0 247.7 0 2477 100 4219 | BB 0.0 0.0 0.0
sLs 7 5.4 0.0 0.0 0.0
ULs1  es05 0 650.5 e) 05 100 901.4 | 1293 0.0 0.0 0.0
ULS 2  &Bb.4 e) &55.4 0 54 100 8965 | 12903 00 0.0 0.0
ULs 3 1991 0 1991 0 199.1 100 4706 | 558 0.0 0.0 0.0
Xbar | SLS1 0.000 0.000 0.000 0.000 5.222
SLS 2 0.000 0.000 0.000 0.000 5.694
5L 3 0.000  0.000 0.000 0.000 4953
SLS 4 0.000  0.000 0.000 0.000 4.800
SLS 5 0.000 0.000 0.000 0.000 5104
SLS 6 0.000 0.000 0.000 0.000 4439
uLs1 0.000  0.000 0.000 0.000 B.0%0
uLS 2 0.000 0.000 0.000 0.000 5068
ULS 3 0.000 0.000 0.000 0.000 3568
M sLs1 ABI 15.1 151 15.1 1851 4487 281.8 M Xbar T height
sLs2 15 1.5 1.5 1.5 1.5 B17.2 1181 | BI7.2 max (5694 4.8
SL53  B47  BAT  BAT  BAT  BAT 2240 1188 | 2240 min (4955 4.6
sLs4 719 719 71.9  -71.9  71.9 9295 13366
SLSB 980 <960 960 960 960 1047.7 1040.2|1047.7 max (5104 405
sLse 1.5 1.5 1.5 1.5 1.5 B4s4 10467 | B4&4 min (4439 493
ULS1 1288 -1288 -128.86 -13288 -1388 14971 16445
ULS2 1288 -1288 -12886 -1388 -3886 15221 15862 [15221 max (5068 407
ULS 3 27.09 27.09 27.09 27.09 27.09 38227 ######| 262.5 min (3568 77.2
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REINFORCED CONCRETE COUNCIL

Client Advisory G roup Made by Date Page
Locatior Level 2 ~Beam on Grid 7 RNW 01-Sep99 79
POST-TENSIONED ANALYSIS& DESIGN to BS8110:1997 Checked Revision Job No
Originated from RCC42.xls on CD ©1999RCC chg - RG8
DETAILED CALC ULATIONS vii 0 0
Span2 Left <> PU <> pL2 < > Right | UL PU PL2  puUDL | 125
v sL81 2206 O 2206 O 2206 100 1770 .8 00 0.0 0.0
5L52 @2 0 R2 0 >®2 100 803 | 138 00 0.0 0.0
5L53 2097 0 209.7 0 2097 100 1878 3.8 00 0.0 00
554 @60 0 &G0 0 @60 100 4N6| &8 00 0.0 0.0
5L85 42786 O 4278 0 4278 100 2897 | B8 00 0.0 0.0
5L56 €367 0 6367 0 67 100 4609 | 8.8 00 0.0 00
5.5 7 &4 00 0.0 0.0
ULs1 9287 0 o387 0 987 100 6779|1293 00 0.0 0.0
ULs2 4666 O  46B6 O 4666 100 2220| BBS 00 0.0 0.0
ULs® 9287 0 98,7 0 9887 100 6779|1293 00 0.0 0.0
Xbar | 5LS1 0000 0000 0000 0000 6975
5152 0000 0000 0000 0000 6682
5153 0000 0000 0000 0000 654
SLS 4 0000 0000 0000 0000 7.471
5155 0000 0000 0000 0000 7.667
5156 0000 0000 0000 0000 7.251
ULS 1 0000 0000 0000 0000 7.258
ULS 2 0000 0000 0000 0000 8343
ULs » 0000 0000 0000 0000 7.258
M |5ls1 285 286 285 285 285 480 13 M Xbar T height
sLs2 &7 -87 -87 -87 -87 221 13 | B42.0 max (65HM  M.9
SLS3 149 149 149 149 149 B42 13 | 221.0 min 6682 412
SLS4 1282 ABB2 A2 B2 A2 1090 11
SL85 1000 -1000 1000 1000 1000 640 11 |11980 max 7251 407
sLs6 1111 <111 A1 111 111 1198 11 6404 min  (7.667 44.9
ULST 1642 1642 642 1642 4642 1766 11
ULS2 1471 1471 A471 471 4471 4N 11 |17662 max ¢7.2568 407
ULS? 1642 1642 4642 642 s 1766 11 47086 min (8343 599
Loadinas o 0
0 Left <> P <> P2 < > Right | UpL _ pl1 PLZ  pUDL 0
v sL81 00 100 00 100 00 100 0.0 00 0.0 0.0 0.0
sL52 00 100 00 100 00 100 0.0 0.0 0.0 0.0 0.0
5153 00 100 00 100 00 100 0.0 0.0 0.0 0.0 0.0
sL54 00 100 00 100 00 100 0.0 00 0.0 0.0 0.0
5L85 00 100 00 100 0.0 100 0.0 00 0.0 0.0 0.0
5156 00 100 00 100 0.0 100 0.0 0.0 0.0 0.0 0.0
5157 0.0 0.0 00 0.0
uLs1 00 100 00 100 0.0 100 0.0 00 0.0 0.0 0.0
uLs2 00 100 00 100 0.0 100 0.0 0.0 0.0 0.0 0.0
uLs® 00 100 00 100 0.0 100 0.0 0.0 0.0 0.0 0.0
Xbar | 5LS1 0000 0000 0000 0000 0.000
5152 0000 0000 0000 0000 0.000
5153 0000 0000 0000 0000 0.000
SLS 4 0000 0000 0000 0000 0.000
5L55 0000 0000 0000 0000 0.000
5156 0000 0000 0000 0000 0.000
ULS 1 0000 0000 0000 0000 0.000
ULS 2 0000 0000 0000 0000 0.000
ULS 3 0000 0000 0000 0000 0.000
M |5Ls1 0 0 0 0 0 o #mar#| M Xbar T height
sl52 0 0 0 0 0 O #####| 00 max (0000 0.0
583 0 0 0 0 0 O  #m####| 00 min (0000 0.0
sL54 0 0 0 0 0 0 0
555 0 0 0 0 0 0 0 00 max 0000 00
5156 0 0 0 0 0 0 0 00 min 0000 00
ULS 1 0 0 0 0 0 0 0
uLs2 o 0 0 0 0 0 0 00 max (0000 00
ULss o 0 0 0 0 0 0 00 min (0000 0.0




BEAMS — RCC42 — DETAILS

Project Spreadsheets o BS 8110 REINFORCED CONCRETE COUNCIL
Client Advisory G roup wmin  |Made by Date Page
Locatior Level 2 -Beam on Gvid 7 RNW 015ep-99 80
POST-TENSIONED ANALYSIS & DESIGN TOBS 8110 Checked Revision Job No
Originated from RCCAZ.xle on CD ©1999RCC chg Date R68
DETAILED CALCULATIONS ix
(4)ULS MONEN| Supti Supt2 Supt3 0
Right Spant Left  Right Span2 Left  Right 0 Left
DESIGN MOMENT 42.7 15221 1831.7 1502.2 1765.2 1.5 0.0 0.0 0.0
TENDON HEIGHT| 300.0 40.7 480.0 480.0 40.7 300.0 0.0 0.0 0.0
fpe 1042 1040 1039 1029 1040 1042 (o) (0] o]
Hinges 2 2 (o]
Lt 24.50 24.50 0.00
Lt 12250 12250 (0]
dt 200.0 484.5 480.0 480.0 484.3 300.0 0.0 0.0 0.0
dr 482.0 480.0 480.0 480.0 484.0 480.0 0.0 0.0 0.0
Rp 0.207 0.077 0129 0129 0.077 0.207  0.000 0.000 0.000
foefou 0.566 0.587 0586 0.586 0.587 0588 0.000 0.000 0.000
TABLE 4. 1a 0.90 1.00 1.00 1.00 1.00 0.90 0.00 0.00 0.00
b 0.92 1.00 1 1 1.00 0.92 9] 0.00 9]
2a 0.86 1.00 0.97 0.97 1.00 0.86 (o) 0.00 O
2b 0.68 1.00 0.99 0.99 1.00 0.6 9] 0.00 o}
fob bonded 1616 1771 1756 1758 1771 1616 9] (0] 9]
for unbonded 1153 1281 1255 1255 1281 1153 9} (o] O
TENDON FORCE| 2768 3075 2007 2007 2074 2768 9] (o] 0
As 4021 (672556 o285 2262 6285 (0] %)
REBAR FORCE [1761.7 2752.6 2752.6 2752.6 9920.9 2752.6 2752.6 0.0 0.0
TOTAL TENSION| 4530 5826 5760 5760 4065 5521 2753 o} 9]
dn 129.8 107.9 177.86 177.8 75.5 1704 0.0 0.0 0.0
Steel stress 4356 458 428 458 458 458 o} o o}
Zt 2301 430.5 291 1 391 .1 446.7 214.8 0.0 0.0 0.0
Zr 41 2.1 4261 2911 291 1 440.4 54.86 0.0 0.0 0.0
MOR 1362.9 2495.4 2252.7 2252.7 18151 1681.5 0.0 0.0 0.0
(¢)SHEAR Span1i Span 2 0 ft=1.518
Left Right Left Right Left Right
' 6500 8821 2198 ©/7.9 0.0 0.0
Mu 427 1531.7 15022 11.5 0.0 0.0
Mo 211.9 5702 5702 211.9 0.0 0.0
Cracked ? N Y Y N N N
UNCRACKED  fep 211 2104 2104 2111 0.000 0.000
Vco [1396.86 1295.7 12957 1396.6 0.0 0.0
CRACKED  Aps 2200 2500 2500 2500 o) 0
As 6521 585 87865 8785 0 o}
d M58 4800 480.0 209.0 0.0 0.0
As% 0845 0.99% 1.0017  2.3%5 0.000 0.000
fpefpu | 0411 0.250 0362  0.205 0.000  0.000
Ve 0555 0585 0590 0915 0.000 0.000
Ver | 34793 7268 757.3  #iHHtE 0.0 0.0
Ve 1290.86 73686 757.5 1296.86 0.0 0.0 Links re quired
Asv/Sy 1.645 1.645 1.643 1.643 0.000 0.000
Sv 275 375 375 375 9] 9]
() VBRATION nx = 2
Span 1 Span 2 0
ny:ly 5 ©.000 5 G.000 0 0.000 KhanW illiams Ref
Ix:ly SE+10 Z2E+09 2E+10 2E+09 o) o (Concrete Society Method)
AXIAY 1.924 5170 2015 4.96% 0.000 0.000 ©.8)
kx : ky 1.267 1.057 1.246 1.041 0.000 0.000 (29 210)
w 5.4 54.51 b.M 54.51 0.00 0.00
Xy 10.04 1647 164 1647 0.00 0.00
fx: fy 5.57 5.84 5.47 4.58 0.00 0.00 @11)
fox: oy 5.57 5.84 5.47 4.58 0.00 0.00 (@12, 913)
fx o fy 5.57 5.84 5.47 4.56 0.00 0.00 @14)
Nx : Ny 1.288 2.0%6 1.404 1.995 1.000 1.000 (217,918
Cx:Cy 25652 2509 2566 281.6 0.0 0.0 (@19)
Rx: Ry 0.37 026 0.26 0.57 0.00 0.00 (9.20)
R 0.e2 0.73% 0.00 (e.21)
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COLUMNS — RCC51

RCC51 Column Load Take-down & Design.xls

Conventional column load take downs by hand can be time-
consuming. This spreadsheet emulates conventional column
design to BS 8110@ by providing on separate sheets: load
take down from inputs of location, dimensions, levels and
loads to give design axial loads and moments per floor.
RCC51.xls is intended as a stand-alone column design
spreadsheet for use when a sub-frame analysis is not
available or is unwarranted. As in COLUMN! within
RCC11.xls, this spreadsheet determines the area of steel
required (A).

The spreadsheet is set up in such a way that one column size
(inputin CDES!) is used throughout the height of the column
location and that the critical section for design occurs where
axial load is at its maximum.

The example is based on Designed and detailed " but differs
in several respects:

¢ Seven storeys used in the example rather than three (in
order to demonstrate automatic input adequately)

¢ No special account taken of roof loadings (in order to
demonstrate automatic input adequately)

¢ All columns are taken as 4.00 m long (again, in order to
demonstrate automatic input adequately)

¢ Load distribution according to BS 8110: Part 1, Clause
3.8.2.3, i.e. reaction factors of Y2 are used for loads
from adjacent spans rather than results of analysis or
using shear force factors from BS 8110: Part 1 Tables 3.5
and/or 3.12.

¢ No double counting of floor slabs due to allowances for
floor slabs in design of, therefore reactions from, edge
beams spanning parallel to floor slab span.

As a default the level with maximum axial load with
concurrent maximum moment, i.e. the bottom level, is
chosen for consideration in DESMMNTS! (derivation of
design moments) and CDES! (design). The user may
investigate other levels by choosing the appropriate level in
the combo-box on the right hand side of CDES!.

Unbraced columns may be designed, but the spreadsheet
demands some input of applied moment in LOADTD! in the
appropriate axis. If the column is unbraced then it must be
part of a stability frame - if only nominally - with moments
that should be input as applied moments in LOADTD!

LOADTD!

Input is self explanatory but, in order to facilitate use of this
spreadsheet, some degree of automation has been
introduced. It is vital that input data is hand checked to
ensure the loads are described properly. It is also advised
that a clean version of the spreadsheet should be used for
each column analysed and designed (i.e. reload the base
spreadsheet each time).

Please note when inputting a location for numbered
gridlines to start with an apostrophe, i.e. use 12 - 3 (otherwise
2 - 3 will give the result of -1!). Cantilevers may be dealt
with by inputting no beam on the appropriate axis but
inputting additional loads and moments (under ‘At column
position, other applied loads (e.g. loads from cantilevers)’).
Note that, so far as the column is concerned, cantilever
moments will relieve (or even exceed fixed end) beam
moments and should be specified as negative moments.

As explained under Operator Instructions deleting a level
will ‘grey out’ subsequent columns and set spans to 0.0 m.
Enter data (and delete any subsequent hatches, #i####) or
equate cells to previous cells (avoid copying cells across) to
get up to 10 levels of load take down. Deleting or setting a
value of 0 in columns G to P will ‘grey out’ values to the
right, which will be set at 0.0. Generally, input values are
carried through to the right. Red figures or red backgrounds
mean inconsistent or incorrect data entries. Overwrite if
incorrect.

Slab spans may be parallel to x or y, or two-way spanning.
Troughed slabs may be modelled by using the topping
thickness for the slab and adding widths of ribs within a bay
to the width of the beam.

Some input (highlighted in magenta) defaults to values from
other sheets. For instance column dimensions are input in
CDES! The user may immediately see whether the design is
viable or not and change dimensions accordingly. These cells
are not protected so can be overwritten: beware.

For troughed slabs use topping thickness and aggregate
width of ribs with width of beam.

Reduction factors for live load to according to BS 6399: Part
109 Clause 5.2 are automatically applied to axial load unless
specified otherwise.

DESMMNTS!

The basic design procedure is covered in BS 8110: Part 1
Clause 3.8. In order to determine design moments several
inputs are required:

¢ Values of b for braced and unbraced columns, see
Clause 3.8.1.6 and Table 3.19 as shown below and
Table 3.20 as shown on next page

Table 3.19 Values of § for braced columns

End condition End condition at bottom

at top 1 2 3

1 0.75 0.80 0.90
2 0.80 0.85 0.95
3 0.90 0.95 1.00




Table 3.20 Values of p for unbraced columns

End condition End condition at bottom

at top 1 2 3

1 1.20 1.30 1.50
2 1.30 1.50 1.80
3 1.60 1.80 -
4 2.20 = =
Essentially:

Condition 1 - column monolithically connected to
beam at least as deep as the column in the plane
considered (or foundation specifically designed for
moment)

Condition 2 - column monolithically connected to
beams or slabs shallower than the column in the plane
considered

Condition 3 - column connected to members which
will provide some nominal restraint

Condlition 4 - column unrestrained

.

Whether the column is braced or un-braced - see
BS 8110: Part 1, Clause 3.8.1.5.

In order to evaluate N ,and thus K accurately, an initial
assessment of the area of reinforcement, A_is required.
An indication of the probable percentage of
reinforcement is given (automation of this figure
would cause a circular reference error in the
spreadsheet). If A is set at 0% then effectively K =1,
which is conservative (see BS 8110: Part 1, equation 33
and definitions under Clause 3.8.1.1).

.

CDES!

As in COLUMN! within RCC11.xls, this sheet designs
symmetrical rectangular columns where both axial load, N,
and design moment, M, or M, (see BS 8110: Part 1, Clause
3.8.2, 3 and 4) have been calculated from previous sheets.
CDES! iterates x/h to determine where the neutral axis lies.
The sheet includes stress and strain diagrams to aid
comprehension of the final design (please refer to notes
regarding COLUMN! in RCC11.xls).

The spreadsheet is set up in such a way that one column size
(inputin CDES!) is used throughout the height of the column
location and that the critical section for design occurs where
axial load is at its maximum. Other levels can be investigated
by choosing the appropriate level from the combo-box
located under Operating Instructions. Always ensure that
the size of column designed is correct for the level under
consideration.

For simplicity, where three or more bars are required in the
top and bottom of the section, a (rotationally) symmetrical
arrangement of reinforcement is proffered, i.e. top and

COLUMNS — RCC51

bottom reinforcement with additional side bars. The
argument goes that using the critical axis method of BS 8110
to determine areas of steel in bi-axially bent columns implies
that the bars are in the corners of the element. Therefore
‘additional’ side bars help ensure this is so. Counter-
arguments suggest these additional bars are unnecessary.
Bresaler’s load contour check [(M /M ) + (My/ Muy)a <10,
where a =2/3+5N/3N_], used in CP 110 is not adopted in
this spreadsheet but may be investigated using RCC53.xls.

The use of T40s in such small columns would not normally
be advocated. However, the choice of T32s would lead to
the use of either 61325 (5.6%, OK) or, using the (rotationally)
symmetrical arrangement, 8732 (7.7%, no good). Reference
to RCC53.xls. suggests that 6T32 would satisfy Bresaler's load
contour check. The use of C45 concrete would make 4T32s
sufficient.

Some input (highlighted in magenta) defaults to values from
other sheets. These cells are not protected so can be
overwritten: beware.

Ltdcalcs!

This sheet shows workings for the load take-down and is
not necessarily intended for printing out other than for
checking purposes. Load distribution works according to BS
8110: Part 1, Clause 3.8.2.3 - “...axial force in a column may
be calculated on the assumption that beams and slabs
transmitting force into it are simply supported”.

Stiffs!

This sheet shows workings for beam and column stiffnesses
and is not necessarily intended for printing out other than
for checking purposes.

In the determination of section properties, beams are
considered full height - beam widths are deducted from
slab widths. Moment distribution works according to BS
8110: Part 1, Clause 3.2.1.2.5 - “... beams possess half their
actual stiffness”.
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] REINFORCED CONCRETE
Project Spreadsheets fo BS 8110 COUNCIL
Client Advisory G roup nL [ by |pate Page
Locaton  Edge ColumnBl  (akinto D&D) mw | 1-Sep99 | 85
COLUNN LOAD TAKE DOWN & DESIGN FOR SYNMETRICALLY REINFORCED RECT. COLUNNS BENT ABOUT TWO AXES
T0 8S 2110:1997 Checked |Revision Job No
Originated from RCC51.xls on CD ©1999BC A forRCC chg - R68 |
INPUT 12
Locafion E dge C olumn B1 (akinb D 8D) concrete density, kN/m> 24.0
U Yegk 1.40
Orientafion AB x x  BC iH Veak 1.60
v
nia
Level| 7 & 5 4 B 2 1
D imensions
Spans  ClwCl AB m 5.00 5.00 5.00 5.00 5.00 5.00 5.00
B-C m 5.00 5.00 5.00 5.00 5.00 5.00 5.00
12 m 800 &.00 800 800 200 800 &.00
nia m 0.00
Slab thickness (solid) mm 175 175 175 175 175 175 175
span direction,(lw)x, yorb X X x X x X X
Beams  width AB  mm 200 B0 BO B0 BOD B0 300
depthola  A-B mm 250 260 250 250 260 250 260
width BL  mm 200 20 Z0 B0 BD 00 300
depthola  B-C mm 250 950 280 250 250 280 50
width 12 mm 200 200 200 200 200 200 200
depthola  1-2 mm 200 500 500 500 200 500 200
width  n/a mm [0}
Column below (col above)
Hloyy) mm e, 200 200 200 200 200 200 0
B (loxx) mm 9 300 300 300 300 300 200 500
Height(f. o floor.) m 00| 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Level 7 2] 5 4 5 2 1
Loads  (characteristic uno)
Slab (inc swt), gk kN/m2 5.00 5.00 5.00 5.00 5.00 5.00 5.00
L3 kN/m2 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Beams (5Wt] gk kN/m included included included  included included included included
line loads (-extra overslab loads and beam selfweight)
AB gk kN/m 5.0 20 50 50 2.0 5.0 20
o« KN 00
B-C gk kNim 5.0 50 5.0 5.0 5.0 5.0 5.0
o« KN 00
12 gk kN/m 0.0
o« KN 00
nia ok KN/m 00
o« KN 00
Atcolumn position, other applied loads (¢g loads from cantilevers)
Gk kN (chan 0.0
Qk kN (char 0.0
Mxx  kNm (ult) 0.0
Myy  kNm (ul) 0.0
Loads perfloor
Floor Gk kN 140.7 1407 140.7 140.7 140.7 140.7 1407
Floor Qk kN &0.0 &0.0 0.0 &£0.0 0.0 &0.0 &0.0
Columnbelow Gk kN 86 &6 86 86 8.6 86 &6
ouTteut Columnlevel 7% 6 6105 5blod 4103 302 211 Below
Cumulative loads in column.
Gk kN 149.3 2086 4479 597.2 7465 £95.86 10451
Qk kN &0.0 160.0 240.0 2200 4000  4E00 560.0
Qk redn  factor 1.0 0.9 08 0.7 0.6 (0X2) 0.6
Qk red* kN &0.0 144.0 192.0 224.0 240.0 288.0 2326.0
N kN 357 A8 954 1194 1429 1715 2001
Moments in column
aboutx-x  Mxx top kNm 1246 1086 1086 1086 1086 1086 1086
abouty-y Myy top kNm 1.5 1.2 1.2 1.3 1.3 1.9 1.9
Mxx bottorn  kNm 1086 1086 108.6 1086 1086 1086

Myy botomn  kNm 1.2 1.3 1.3 1.2 1.3 1.2
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. REINFORCED CONCRETE
Projest  Spreadsheets to BS 8110 COUNCIL
Client AdViSOI'Y GI'OHD Made by  |Date Page
Location  Edge Column Bl (akin to D£D) rmw | 24-Nov-99 86
COLUNN LOAD TAKE DOWN & DESIGN FOR SYMMETRICALLY REINFORCED RECT. COLUNINS BENT ABOUT TWO AXES
TO BS 81101997 Checked Revision Job No
Originated from ROCS!xe on CD © 1999 BCA for RCC chg - R68
INPUT Location Edge Column Bl (akin to D&D)
Level considered: Bottom (Max N) Orientation 1-2
Y,
Dimensions about x-x about y-y N
h(lltoyy) mm 200 - A-B X X B-C i H
b(ltoxx) mm - 300 v
lo, clear height mm 2500 2650
 value 090 095 nla
Column properties
Braced or Unbraced? Borl B B feu 25
fy 460
Loads cover to link mm 20
Axial N kN 2001 - Max sized main bar ~ mm 40
Momente top  kNm 10866 12 Probable percentage As % 2.00%
bottom  kNm 00 0.0 link diameter — mm 10
ouTRPUT
Design criteria
N kNm 2001
M kN 109.0
about X-X
R F
Sn o n n n  cont) about x-x about y-y
mm 2150 24675 D m m unbraced columns
S 1050 ns56 2+100% kNm n/a n/a
m m 15.0 15.0 m kNm n/a n/a
D m S xm m  kNm n/a n/a
m S S
X X Yy n n
kNm 108.6 1.2
n n about x-x about y-y
y 0.05 m 20.0 Short
Braced  Braced
/ m
mm 240 240
22041 22044
6300 630.0 Biaxial bending
K 0.12 0.12 Mx/h® 0452
’ T omm 240 240 My/b 0.005
00 © 0.104 | direction X-X
mm 33 4.0
m 0.0 0.0 N/bhfeu 0.64
Eq 322325 B 0.320
m 1 m 0.0 0.0
m 5.2 0. Maximum design moment
=0 !/ >20 m 652 0. = 10 .6+0.30*240/240"1.5
=0 /33 852 0.
= kNm 109.0 -
D m m m
2 m 10 6 1.3
+ m 852 0.
T+ /2 m 0.0 0.0
m m 30.0 /
xm m m 10 6 1.3
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Project §preadsheets fo BS 8110 ONGREEE| O D S CRETE
—
Client AdvisoryGroup QUNCIL (\V adde by Date Page
Locatior Edge Column B1 (akinto D&D) mw 18ep99 81
COLUMN LOAD TAKE DOW N & DESIGN FOR 5YMMETRICALLY REINFORCED
RECT. COLUMNS BENT ABOUT TWO AXES Checked Revision Job No
Originated from RCC51.Xs on CD ©1999 BCA for RCC cm - R68
leUT Leveldesigned: Bottom (Max N)
Axial load, N 2001 kN feu 5 N/mm?2
Moment M 109.0  kNm fy 420 N/mm?
about XX axie fyv 400 N/mm?2
Height h (o yy, L'r 1o xx) 300 mm ym  1.05 steel
Breadth, b (Il o xx) 500 mm ym 1.5 concrete
Max bar diameter 40 mm Link & 10 mm
cover (o link) 20 mm
CALCULATIONS
fromM  As={M-0.67fcu.b.do(h/2 - dc/2}[(h/2-d").(fec +fet).gm]
from N As=(N-0.67fcu.b.dcigm)/ (fec - fot) As = Ast= Asc: dc=min(h,0.%)
d'= 0 mm B/foulgm = 15.6 N/mm?
d= 240 mm fylgm = 4281 N/mm?2
crifical aboutX X axis:...... h= 200 mm
b= 340 mm
from iteration, neutral axis depth, x, = 253.6 mm
dec 228.2 mm
0.67 feu.b.dclgm 10705 kN
Steelcomp strain - 0.00267
Steeltens strain - -0.0001 9
Steel stress in comp. face, fec 428 Nimm2  (Comp. stress in reinf.)
Steel stress in nsile face, fot -57 NimmZ  (Tensile stress in reinf.)
from M, As = 1958 mm2
from N, As = 1957 mm2 0K

Asreqd =1957mm2T&B:- PROVIDE 4140
(ie 2TAOT&B - 251 4mmeT&B) -5.5% ola - @180cc.)
Links : - PROVIDE T10 @300

OK

$irain diagram Siress diagram
15.6 N/mm?2

100250
428

0.00267
aboutX X axis

-0.00064 Stresses in N/mm?

Compression +ve
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RCC52 Column Chart Generation.xls

This spreadsheet generates axial load:design moment
interaction charts for symmetrically reinforced rectangular
columns. It checks the capacity of the columns with various
arrangements of reinforcement against input load cases of
axial load and uniaxial bending

Within RCC11.xls, COLUMN! allows the user to determine
the area of steel required from inputs of axial load and
moment about the x - x axis. Another approach, adopted in
BS 5400@"and CP 110® and more suited to the grouping of
columns on particluar projects and adopted here by
RCC52.xls, is to give an interaction chart. This shows axial
load against moment for symmetrical sections of specified
size, strength and reinforcement. It works on the premise
of calculating the moment and axial load capacities of a
section with assumed amounts of reinforcement and
assumed neutral axis depth. Iterations of neutral axis depth
give data for the Axial load:Moment interaction chart for
the specified section. The spreadsheet also checks the
reinforcement required for input load cases. The user may
try different arrangements of reinforcement.

RCC52.xls assumes that the moments input in the load cases
have already been adjusted, if necessary, for bi-axial bending.
For many side and all corner columns, there is no choice but
to design for bi-axial bending, and the method given in
Clause 3.8.4.5 must be adhered to, i.e. RCC53.xs should be
used.

MAIN!
Main! contains all input and output data,

Bending is assumed to be about the x - x, i.e. horizontal
axis, and the input moment is assumed to be the maximum
design moment as defined in BS 8110 i.e. including M_,, etc
and in the correct orientation.

Where more than two bars are required per face, the user
may choose to specify a similar arrangement of bars on the
side faces in order to avoid confusion in detailing and fixing.
In this respect, there is also a question regarding design. To
an extent all columns are bi-axially bent and BS 8110 directs
that bi-axially bent columns are effectively designed about
one axis only (by adding moment in the critical direction to
account for moment in the non-critical direction). By
implication the second axis is not designed specifically. One
reason for adding side bars (when three, four or more bars
are required T & B) in square(ish) sections, is to ensure that
the second axis is catered for. Ideally with BS 8110, the
resultant axis should be found and calculations done
accordingly. But this presumes that the arrangement of bars
is known to start with. With BS 5400 and CP 110 checks are
carried out on a chosen section about both axes. Bi-axially
bent columns are dealt with in RCC53.xls

The chart shows lines for 0.1f A and M . . The user should
be aware that all load cases should be within the boundaries
of these lines.

Calcs!

Calcs! Shows the derivation of the charts where moment
capacity is calculated at intervals of neutral axis depth from
n.a. depth for N=0 to n.a. depth for N=N_, then at
intervals fromn.a. depthforN=N,_ton.a.depthforN=N_.

bal

Cases!

Cases! identifies the smallest bar diameter that satisfies each
of the load cases.
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MAIN

. REINFORCED CONCRETE
Project Spreadsheeis fo BS 8110 g COUNGIL
Client Advisory G roup TR WMade by |Date Page
Location Columns atAl,A2efc RNVW  [30-Aug99| &9
COLUMN CHARTFOR SYMNETRICALLY REINFORCED RECTANGULAR
COLUNNS BENT ABOUT THE X-XAXS TO BS 8110:1997 Checked  |Revision Job No
Originated from 'RCC52.xls' on CD ©1999 BCA for RCC chg - R68
MATERIALS
fcu 35 N/mm?2 ym 1.05 steel Cover 30 mm
fy 460 N/mm?2 ym 1.5 concrete hagg 20 mm
SECTION
h 300 mm
b 300 mm . S N I X SINGLE AXIS
with 3 bars perface BENDING
Allbars in 300 wide faces
BAR ARRANGENENTS
Type Bar® | Asc% | Link® | Barcé | Nbal (kN) | Nuz (kN) Checks
T 40 8.5 10 20.0 Asc >6%
T 2 5.%6 8 96.0 715.0 B445.6 ok
T 25 2.27 & 29,5 702.% 2e61.3 ok
T 20 2.09 6 104.0 703.4 220%.% ok
T 16 1.34 &} 106.0 701.2 19166 ok
T 12 0.75 6 106.0 700.6 16937 ok
N:MINTERAC TION CHART for 300 x 300 column, grade C 39, 30 mm cover and 3
bars on 300 mm faces
4000
KEY
3500 M i
= >
~ 3000 A = 2 5600 —————
N 1_6T32_
= NN ~o
. 2500 :
g TN S~ etz
2 2000 oSG T~
2 S~ \> 1 850 Mo [ 6120
X K
2 (500 L N O-+560
8 N [_6T16
jry AN
= N N
s 1000 OO ~ < 6T12
500 > 7 O566 >'
D fouho // / /
0 | =
o) 50 100 NDNEWTMk 200 250 300
kNm
LOADCASES |Loadcase| N (kN) | NK (kNm) Load case | N (kN) [ NK (kNm)
Al fop 500 200 |6T32 4 1500 150 (6732
Al bot | 1850 100 |6T32 5 1000 150 |6T2%
A2bot | 3000 50  |No Fit 6 1000 50 [6T12




RCC53 Column Design.xls

RCC53.xIs generates column design charts for symmetrically
reinforced rectangular columns bent about two axes and
checks input load cases.

RCC53.xls also gives interaction charts, showing axial load
against moment for the critical axis for symmetrical
rectangular sections of specified size, strength and
reinforcement arrangement. The user may try different
arrangements of reinforcement. It also provides designs for
input load cases, which are plotted on the relevant x- or y-
axis chart.

RCC53.xIs takes account of any side-bars.

Philosophy of design for bi-axially bent columns

When preparing this spreadsheet, there was some discussion
about the interpretation of BS 8110 with respect to bi-axially
bent columns and the provision of side bars.

For simplicity, where three or more bars are required in the
top and bottom of the section, it appears to be common
practice, in small- to medium-sized columns at least, to
provide a (rotationally) symmetrical arrangement of
reinforcement, i.e. to provide additional side bars. The
argument goes that using the critical axis method of BS 8110
to determine areas of steel in bi-axially bent columns implies
that the bars are in the corners of the element. Therefore
‘additional’ side bars help ensure that this is so.

There is a counter argument to suggest that the design
procedure for bi-axially bent columns in BS 8110 makes the
precaution of adding additional side bars unnecessary.

Rafiq® argues that the Bresaler's load contour check, as
used in CP 110 should be adopted to ensure a safe design
for biaxially bent columns otherwise designed to BS 8110,
as shown below.

MM )+ (My/Muy)a < 1.0, where a=2/3 +5N/3N ,

The project’s Advisory Group requested that this check
should be included in the spreadsheets for biaxially bent
columns.

MAIN!

MAIN! contains all input data and gives designs for the input
load cases.

Guidance for the input is given within the spreadsheet but
users should be familiar with BS 8110: Part 1, Clause 3.8.
There is a facility to input up to six user-specified load cases.
The input moments under LOADCASES are the initial end
moments due to ultimate design loads as defined in BS 8110
about the appropriate axes. The spreadsheet calculates the
the additional design ultimate moment induced by
deflection of column (M_, ), the critical direction for bi-axial
bending and the design moment.

COLUMNS — RCC53

CHARTS!

CHARTS! shows two charts, one chart for when M_is critical
and one for when My is critical. These Axial load:Moment
interaction charts for the specified section also show relevant
input load cases. The load cases are identified by axial load
only (a quirk of Excel!).

The charts show lines for 0.1f A and M (i.e. e  N). The
user should be aware that all load cases should be within
the boundaries of these lines. Due to a quirk in Excel, load
cases can any be identified by axial load, N, on the charts.

Xcal! and Ycal!

These sheets show the derivation of the charts where
moment and axial load capacity is calculated at intervals of
neutral axis depth (in intervals from n.a. depth for N =0 to
n.a. depth for N=N,_, then in intervals from n.a. depth for
N=N, tona. depthforN=N_).

Cases!

Cases! identifies the smallest bar diameter that satisfies each
of the load cases. Clause 3.8.3.2 is included for both directions
(columns K & L) and the spreadsheet decides which axis is
dominant.
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Project Spreadsheets 1o BS 8110 RE'NFOFE:%E&EENCRETE
Client Advisorvsmup EELE \Made by Date Fage
Location G round foor columns atB1,B2eic RNW | 30-Aug-99 9N
SYMMVE TRICALLY REINFORCED RECTANGULAR COLUNN DESIGN, BENT
ABOUTTWO AXES TO BS 8110:1997 Checked Revision Job No
Originated from RCC53.xls’ on CD ©1999 BCA for RCC chg - R68
MATERIALS
feu 25 N/mmz ymsteel  1.05 Covert link 30 mm
fy 460 N/mmz ym, conc 1.5 hagg 20 mm
SECTION
ho 400 mm ® o o
b 200 mm
with 3 bars per 300 face x ° ° x
and 3 bars per 400 face
ie. 400 x 300 columns with &bars o o o
RESTRAINTS Top Bim
Lo (mm) | Condifion | Condifion | Braced ? B Le (mm) Slendemess Status
X-AXIS | 3600 E E N 1.2 4320 Lex/h = 10.80 Column is
Y-AX1S | 3600 F F N 1.2 4320 Leyb = 14.40 SLENDER
LOADCASES AXIAL TOP NDMENTS (kNm) BTMNDMENTS (kNm)
N (kN) Mi Miy Mix Miy
Bl 3500 20.0 25.0 920.0 25.0
B2 3000 0.0 ©0.0 80.0 ©0.0
Loadcase 1000 100.0 5.0 100.0 5.0
Loadcase 4 1200 50.0 150.0 50.0 150.0
Loadcase 5 500 220.0 920.0 220.0 920.0
Loadcase 6 2500 25.0 25.0 25.0 25.0
BAR ARRANGENENTS BAR CENTRES (mm)
Bar ¥ Asc % Link @ | 300 Face | 400 Face | Nuz (kN) Checks
T 40 838 10 20 140 0 Asc >6% (312.6.2)
T 32 5.36 & 26 146 4594 ok
T 25 3.27 & 100 150 3535 ok
T 20 2.09 6 104 154 2938 ok
T16 1.34 6 106 156 2556 ok
T12 0.75 6 108 158 2258 ok
DESIGN MOMENTS (k X AXIS Y AXIS COMNBINED
K Madd Nk Madd [\'/'Z Axis M REBAR | maxV
B1| 0.297 24.2 14.2 %2.% 57.% X 1284 87132 28.9
B2| 0.432 20.% 1103 40.4 100.4 Y 123.9 87132 101.7
Loadcase 3| 0.965 22.5 1225 30.0 5.0 X 187.9 87120 72.4
Loadcase 4| 0.921 25.8 75.8 34.4 184.4 Y 220.3 87132 101.0
Loadcase 5| 1.000 1.7 231.7 15.6 105.6 X 359.5 No Fit
Loadcase 6| 0.395 23.1 58.1 30.7 55.7 Y 684 8125 87.5
SEE CHARTS ON NEXT SHEET
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REINFORCED | REINFORCED CONCRETE
Project  Spreadsheets o BS 8110 CONCRETE COUNGIL
—d
Client Advisory G roup COUNEE I Made by | Date P age
Location Ground foor columns atB1,B2 etk RMW | 30-Aug99 | 92
SYMVE TRICALLY REINFORCED RECTANGULAR COLUNMN DESIGN,
BENT ABOUT TWO AXES TO BS 8110:1997 Checked | Revision Job No
Originated from RCCB3.x1s’ on CD ©1999BCA for RCC chg - R68

N:Minieracfion chart NIX crifical
400 x 300 column (h x b), grade C 35, 20 mm cover

5000
4500 T~ bt
N KEY

4000 ‘:.'\ -

2500 > 555 —
E \ S N |._8132._
= 5000 TN AN
pur'y < »

%:' 2000 \\\\\‘\ o ¥ 8120
S N
AN > 8116

1500 I:, \ \ X < _

1000 }j ) Y gmna2
500 -,-':‘ ---------------------------------- VA / -------------- O--“---'i: OTfeuAc
06 ‘ e J
o) 100 200 300 400 500
MK kNm

N:Minteracfion chart My' crifical

400 x 300 column (hx b), momentaboutyy axis), Grade C 35, 20 Cover

5000
N My min
4500 \\\ ; KEY
\“ ..'
4000 S <
B = ~
3500 o < fr—sm e
: R 1. 8132
3000 : O-Seseg

T~ ~. 8125
2500 ™ < >

2000 < AN =
; N

1500 \\ AN X g1 e

§ \ \ 01200 |

AXIAL kN

1000 | \“ 812
': / y !
500 ".‘ """"""""""""""" /"“/ """ 7--- ----------------- - OlfcuAc
J v
000 = -
@] 50 100 1920 200 250 200




RCC61 Basement Wall.xlIs

This spreadsheet designs simple retaining basement walls
and is intended for walls up to 3.5 m high. It is based on
complying with BS 8002: 1994® and BS 8004: 19861, It may
also be used to design walls to comply with CECP 2¢ and BS
8007%). The spreadsheet has been developed with both the
BS 8002 and the conventional (CECP 2) methods in mind. On
balance, the spreadsheet provides reasonable flexibility and
in doing so, encourages the designer to employ his/her own
engineering judgement and interpretation of the codes.

The spreadsheet is intended to cover only short walls and to
help ‘general’ engineers who, from time to time, design
retaining walls as part of a wider interest in structures, rather
than the specialists. The 3.5 m wall height is an arbitrary
limit set for a short wall which is intended to cover over
90% of the cases encountered in ‘general’ structural designs.
Although many of the design principles still apply to higher
walls, criteria such as wall movements and the validity of
the assumptions made (e.g. no wall friction) require further
consideration and investigation.

The effects of compaction pressures can be generated using
idealised imposed / surcharged loads. Residual lateral
pressure calculations were considered to be too complicated
to be covered in the spreadsheet.

Many cells are referred to in formulae by names; for example,
DATA!C24 is given the name H which is used in formulae at
M50:N50, Diagrams!D146:D150, etc. A list of names and
where they are defined can be seen by referring to Insert\
Name\ Define in Excel.

Input is required on three sheets.

The spreadsheet is laid out in a very similar manner to
RCC62.xls.

DATA!
This single sheet consists of the main inputs.

Most inputs, which are in blue and underlined, should be
self-explanatory. The top diagram defines most input
parameters. A simplistic diagram shows the geometry of a
section of the wall and base.

The spreadsheet is based on a number of assumptions, which
should be assessed as being true or erring on the safe side in
each case. These assumptions are:

¢ Wall friction is zero
¢ Minimum active earth pressure = 0.25qH
¢ Granular backfill is used

¢ The spreadsheet is not intended for walls over 3.5 m
high

WALLS — RCC61

STABILITY! details other assumptions, i.e:

¢ The wall idealised as a propped cantilever (i.e. pinned
at top and fixed at base)

¢ The wall is braced

¢ Maximum slenderness of wall is limited to 15, i.e.
[09x(H, -T /2T, <15]

* Maximum ultimate axial load on wall is limited to 0.1f
times the wall cross-sectional area

* Design span = Effective wall height = H_ - (T,/2)

¢ -ve moment is hogging (i.e. tension at external face of
wall)

¢ +ve moment is sagging (i.e. tension at internal face of
wall)

o "Wall MT ' is maximum +ve moment on the wall

¢ Estimated lateral deflections are used for checking the
PD effects.

Factors for g, can be set at 1.4 or 1.6 in accordance with BS
8110 or may be set to 1. The designer has, and should have,
the final decision and responsibility to select the load factors
he or she feels are suitable to the design conditions. Under
Operating Instructions a number of checks are carried out
and problems highlighted.

An estimate of reinforcement per metre length of wall and
base is given.

Further details about DATA! can be seen under the
description for RCC62.xls.

STABILITY!

STABILITY! calculates the overturning and restoring
moments, sliding and resisting forces on a section together
with ground bearing pressures and factors of safety. Failures
are highlighted.

Factors of safety against overturning and sliding are required
as input. As noted in the sheet, wall and/ or surcharge loads
may have stabilising effects. By using the boxes in column L
the user should toggle between maximum and minimum
values to ascertain worst case(s) (perhaps this will be
automated some time).

In the case of sliding, where sliding resistance of the base
alone is insufficient, the user may choose, outside of the
spreadsheet, to rely on a propping force through the
basement slab.

DESIGN!
The first page of this sheet tabulates moments and shears.

Input of eccentricity of vertical load, reinforcement diameters
and centres is required for main bending steel on both
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internal and external faces and for transverse reinforcement.
The spreadsheet works on the principle of checking a
proposed section and reinforcement arrangement rather
than proposing an arrangement of reinforcement.

The second page details the design of both outer and inner
parts of the base. Again, the spreadsheet works on the
principle of checking a proposed section, and input of both
reinforcement diameter and centres is required for both
main bending and transverse reinforcement.

WEIGHT!

This sheet shows the build up to the estimate of
reinforcement weight given. The figures should be treated
as approximate estimates only as they cannot deal with the
effects of designers’ and detailers’ preferences,
rationalisation, etc.

Diagrams!

Diagrams! shows data for the charts used in other sheets
but is not necessarily intended for printing out other than
for checking purposes.

Crack width!

This sheet shows calculations to determine crack widths in
the wall. It is not necessarily intended for printing out, other
than for checking purposes.
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Project Spmadsheeis foBS 8110 eic REINFORCED CONCRETE COUNCIL
Client Advisory G roup . | Made by Date Page
Location  Gridline 2 r© 30-Aug-99 95
Basementwall design to BS811 011 997, BSB002:1 994. BS 8004:1 986 eto. Checked Revision Job No
Originated from RCCEI BasementWallxls’on CD @1999 BCA for RCC th - R68
IDEALISED STRUC TURE and FORCE DIAGRANS DESIGN STATUS :  VALID

Line Load L&k LOK in kKN/m

Wall Load
Surcharge SGK, SQK.in kN/m WK, WeKin kN/m
WU re=——
| Prop by Grourd Rcor
PL:_ EXTERNAL Tw
PS o WATER
PE > ] B1 -
W > © | ]g: T; BASEMENT
4 u =
Eid 1 A
Line Heel/‘
Water Earth Surcharge | a4 =
D IMENSION¢ (mm)
H= 2500 B= 3500 Tw 225
Hw = o) Bl= 150 Tb 250
He = 2500
MATERIAL PROPERTES
feu = 25 N/mm?> ym = 1.50 concrete
fy= 460 N/mm? ym = 1.05 steel
Coverto tension reinforcement(co) = 40 mm
Max. allowable design surface crack width (W) = 0.3 mm L
Concrete density =  24.0  kN/m3 Wall G eomeiry
SOIL PROPERTIES
Design angle ofintl friction of retained matl (&) = 20 degree
Desighn cohesion of retained matl (C ) = o kN/m2 (Only granular backfill considered, ie "C" = O)
Density of retained matl (q) = 20 kN/m3
Submerged Density of retained matl (qs )=  13.35  kN/m3 (default=2/3 of &), only apply when Hw >0
Desighn angle ofintl friction of base matl (@b) = 20 degree = 20.00
Desigh cohesion of base matl (Cb ) = (0] kN/m2 ASSUNMPTIONS
Density of base matl (ap ) = 10 kN/m3 a)W all friction is zero
Allowable gross ground bearing preseure (GBP) = 150 kN/m2 b) Minimum active earth pressure = 0.25qH
LOADINGS (unfaciored) ¢) Granular backfill
Surcharge load - live (5QK) = 10 kN/m2 h) Design notintended forwalle over 2.5 m high
Surcharge load --dead (5GK) = 10 kN/m2
Line load -~ live (LQK) = 15 kN/m
Line load -- dead (LGK) = 20 kN/m
Distance ofline load from wall (X) = 250 mm
Wallload - live (WQK) = 50 kN/m
Wallload - Dead (WGK) = 50 kN/m
LATERAL FORCES Ko = 050 defaultko=(1-6INZ)= 050
Kac = 141  =2Ko™
Force (kN) Lever amm (m) \2 Ulimate Force (kN)
FPE = 31.25 LE = 0.8%3 1.40 43.75
PS(CGK) = 12.50 LS = 1.25 1.40 17.50
PS(QK) = 12.60 LS = 1.25 1.60 20.00
PL(CK) = 10.00 LL= 2.29 1.40 14.00
PLQK) = 7.50 LL = 2.29 1.0 12.00
PW = 0.00 LW = 0.00 1.40 0.00
Total 7375 107.25
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Project Spreadsheeis 1o BS 8110 eic REINFORCED CONCRETE COUNCIL
Client Advisory G roup Sewen | Made by | Date Fage
Location G tid line 2 r 30-Aug99 96
Basement wall design to BS 8110:1997, BS8002:1994 BS 80041986 elg Cheoked Revision Job No
Originated from RCCE! BassmentW allxls on CD @ 1999 BCA for RCC chg - RG8
EXTERNAL STABILITY STABLITYCHECK:  OK

ANALYSIS -Assumptions & Notes

)
2)
3)
4)
)
)

+ve momentis sagqing (i.e. tension atintemal face ofwall )

7)"WallMT." is maximum +ve momenton the wall.
8) Estimated lateral deflections are used for checking the PA effect.

UNFACTORED LOADS AND FORCES

1)Wallidealised as a propped cantilever (i.e. pinned attop and fixed atbase )
W allis braced.
Maximum slendermess ofwallis limited 10 15, L.e [0.9"(He-Tb/2)/Tw <15]

Maximum Ulimate axialload on wallis limited to O.1 fcu imes the wall cross-sectional area
5) Desigh Span (Effective wall height) = He - (Th/2)
@) ~ve momentis hogging (i.e. tension atexternal face ofwall )

Force Leveramm | Base MI. | Wall MI. |Reaciion at|Reaction al| Esiimated Elasfic
Lateral Force (kN) fo base (m)|  (kNm) (kNm) | Base (kN) | Top (kN) Deflection A (mm)
PE = 26.98 0.78 -11.46 4.27 2414 2.84 0.2
PS(GK) = 11.62 116 5.72 2.90 9.28 2.35 0.2
PS@QK) = 11.62 116 5.72 2.90 9.28 2.35 0.1
PL(GK) = 10.00 212 -5.25 5.79 5.22 4.78 0.5
PL@K) = 7.50 212 -3.94 4,34 3.91 359 0.1
PW = 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Total 67.73 -32.07 2019 91.82 15.90 0.8
GROUND BE ARING FAILURE
LOAD CASE: WallLoad MAX
Taking moments aboutcentre ofbase (anticlockwise "+") Surcharge MIN
Veriical FORCES (kN) Lever amm (m Nbment (kNm)
Wallload = 100 1.49 148.7% BEARING PRESSURE (KN/m2)
Wall (sw) = 17.01 1.49 25.30 0.00 5.50
Base = 2940 0.00 0.00 °
Earth= 645 1.68 10.80 o
Water=  0.00 1.68 0.00
Surcharge = 1.50 1.68 2.51 00
Line load = 20.00 0.00 0.00
SV= 17436 > M= 181.371 150
MOMENT due to LATERAL FORCES, Nb = 2242 kNm 200
RESULTANT MOMENT, M= NU+Nb = 164.95 kNm
ECCENTRICITYFROM BASE CENTRE, MAN = 095 m
MAXIMUM GROSS BEARING PRESSURE = 14458  kN/m® <150 0K
SLIDING ATBASE (using overall factor of safety instead of partial safety factor) F.O5 = 1.50
SUM of LATERAL FORCES, P =  51.82 kN
BASE FRICTION,F, =-(V TANGb +B.Cb ) = -6346 kN
FaclorofSafety, Fy P = 1.22 <1.50 FAL.. but

therefore, LATERAL RESISTANCE fo be provided byBASENMENT SLAB

= 1427 kN
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Location Grid line 2 ] 30-Aug-99 a7
Basement wall design fo BS8110:1997, BS2002:1994 BS 20041986 efc) Checked Revision Job No
Originated from "RCCE! BasementWallxls’ on CD @ 1999 BCA for RCC chg - R68
STRUCTURAL DESIGNS (ulimate) DESIGNCHECKS: 0K
Bse110
WALL (permeire length ) reference
AXIAL LOAD CAPACITY (Limited o O1fcu )= T7871.90 kN >150 0K 3441
Force Ve Uliimate |Ult meenl‘ Ult. Shear | Uit Shear
Laferal Force (kN) Force (kN) Jtbase (kNmiatbase (kN) atiop (kN)
PE = 26.98 1.40 57.77 -16.04 3379 .98
PS(GK) = 11.62 1.40 1627 -8.00 12.99 2.256
PS(QK) = 11.62 1.60 18.60 -9.15 14.85 3.75
PL(CK) = 10.00 1.40 14.00 -7.25 7.20 870
PLQK) = 7.50 1.60 12.00 -6.30 626 5.74
PW = 0.00 1.40 0.00 0.00 0.00 0.00
Total 67.73 92.64 ~46.84 7919 2345
EXT MOMENT (kNm) INT
Design Bending Nbmenis \oo = o o
0.00
On INTERNAL face due o lateral forces, M,.=  27.76  kNm
OnEXTERNAL face due to lateral forces, Moo= -46.84  kNm N % o
Eccentricity of AXIAL LOADS = 125 mm 2
LATERAL DEFLECTION "A"= 08 mm B % s
Due o eccentricity of axial loads, M., = 98.4 kNm E
Due o PA effect M= 087  kNm |2 § o
Total Mmton INTERNAL face (MiyctO.BMcc+Mp) = 716 kNm 3 r§ seo
Total Mmton EXTERNAL face (MexetOBMocc) = 861 kNm N g '
— 3.33
EXTERNAL FACE INTERNAL FACE
WALL REINFORCEMENT: Min. As = 293 293 mm Table 3.25
¢= 25 20 mm
centres = 225 <24 225 <299 mm 0K z1211.27(0)
As= 2182 >293 1396 >293 mm° 0K
MOMENT of RESISTANCE : d= 1725 175 mm
z= 142 155 mm 3.4.4.4]
Ag’ = 0 0 mm* 3444
Meo= 1357 >96.05 95.1 >71.65 KkNm 0K
BASE of WALL TOP of WALL
SHEAR RESISTANCE: As= 2182 Q= 12 @225 mm 505 mm“/m
100Aslbd = 1.26% = 029%
ve = 0.94 0.57 N/mm* Table 3.8
Veo= 162.8 >75.19 100.4 >23.45 «N 0K 5.5.5.2
CRACK WIDTH TO BS8007: X= 7856 mm egm= 0.00052 BS8007
NOTE:Temp. & shrinkage Acr= 111.66 mm w= 009 <0.30 mm 0K App.B.2
effects notincluded
REINFORCENENT SUNMARY for WALL
Type [0} cenires Asz Mn. Ié\s
mm mm mm mm
EXTERNAL FACE T 20 225 1396 293 0K
INTERNAL FACE T 25 225 2182 293 0K
TRANSYERSE T 10 225 349 293 0K
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Project Spreadsheets fo BS 8110 efc REINFORCED CONCRETE COUNCIL
Client Advisory G roup —e Made by Date Page
Location Grid line 2 r 30-Aug-99 98
Basement wall design fo BS 8110:1997, BS2002:1994 BS 20041986 efc) Checked Revision Job No
Originated from RCCE BasementW al.xls’ on CD  @1999 BCA for RCC chg - R68
OUTER BASE (permeire Iengh) BS8110)
Ye= 1.0 (ASSUMED) retorance
Ul Shear = 10.35 kN (AT d from FACE of WALL)
Ult MT. = 1.66 kNm TENSION -BOTTOM FACE
BOTTOMREINFORCENENT : Min. As = 455 mm? Table 5.25
0= 12 mm
centres = 225 mm <762 0K
As=  B0B  mm? >45% 0K
MONENT of RESISTANCE : d= 304  mm
Z= 289 mm 3.4.4.4]
Ag’ = 0 mm?
Mres= ©63.60 kNm >1.66 0K
SHE AR RESISTANCE: 100Asbd =  0.2%
ve= 042  Nimm? Table 3.8
Vres= 12635 kN >10.35 0K 2552
CHECKCRACK WIDTH INACCORDANCE WITH BS8007 :
X = c0.62 mm Em= -0.001 co BS8007
Acr= 11554 mm W= 438 mm <0.30 0K pp. B.2
INNER BASE (permeire length)
Ult Shear = -71.40 kN (AT d from FACE of WALL)
Ul MT. = 49.77 kNm TENSION -BOTTOM FACE
BOTTOMREINFORCEMENT : Min.As= 455  mm® Table 3.25
0= 12 mm
centres = 225 mm <762 0K
As = 503 mm® >45% 0K
MONENT of RESISTANCE : d= 304  mm
Z= 289 rrm
As’ = 0 mm?
Mres =  63.60 kNm >40.77 0K 3.4.4.4]
SHE AR RESISTANCE: 100Asbd =  017%
ve= 042  Nimm? Table 3.8
Vres= 1263% kN >N.40 0K 5552
CHECKCRACKWIDTHIN ACCORDANCE WITH BS 8007 :
X = c0.62 mm Em= -0.00033 BS8007
Acr= 11554 mm W= 407 mm <0.30 0K App. B2
REINFORCEMENT SUMMARY forBASE
Type [0} cenires As Mn. As
mm mm mmz I’I’II’]’I2
ToP T 12 225 505 455 0K
BOTTOM T 12 225 503 485 0K
TRANSYERSE T 12 225 50% 455 0K




RCC62 Retaining Wall.xIs

RCC62.xIs designs simple retaining walls with stems up to
3.0 m high. The spreadsheet has been developed with both
the BS 8002 and the conventional (CECP 2) methods in mind.
On balance, the spreadsheet provides reasonable flexibility
and, in doing so, encourages the designer to employ their
own engineering judgement and interpretation of the codes.
It is based on complying with BS 8002: 1994“ and BS 8004
1986@. It may also be used to design retaining walls to
complying with CECP 2 and BS 8007°.

The spreadsheet is intended to cover only short walls and to
help ‘general’ engineers who, from time to time, design
retaining walls as part of a wider interests in structures rather
than the specialists. The 3.0 m wall height is an arbitrary
limit set for short wall which is intended to cover over 90%
of the cases encountered in general structural designs.
Although many of the design principles still apply to higher
walls, criteria such as wall movements and the validity of
the assumptions made (e.g. no wall friction) require further
consideration and investigation. For instance, with reference
to pressures, the engineer is expected to judge between
using the default of k_ (active coefficient) or inputting a
larger figure relating to k (at rest coefficient).

The effects of compaction pressures can be generated using
idealised imposed/ surcharged loads. Residual lateral pressure
calculations were considered to be too complicated to be
covered in the spreadsheet.

Stability analysis is done about the toe of the base. (Stability
analysis taken about toe of nib is ignored; the nib is a section
sticking down from general level of the base, and stability
analysis about its toe gives strange answers). Global slope
stability checks are not undertaken in the spreadsheet and
should be addressed using other means.

Input is required on three sheets.

Many cells are referred to in formulae by names; for instance
DATAI!C23 is given the name H which is used in formulae at
C56:D60, Diagrams!D88:D137, etc. The spreadsheet is laid
out in a very similar manner to RCC61.xls.

DATA!

This single sheet consists of the main inputs. Most inputs,
which are in blue and underlined, should be self-explanatory.
The top diagram defines most input parameters.

The designer should determine the ‘Design Soil Parameters’
based on the combinations in BS 8002 which will give the
worst credible loads i.e. the design values should be the lower
of (a) the peak strength reduced by a mobilisation factor or
(b) the critical state strength.

As default values, the earth pressure coefficients are
calculated using the simplified Rankine's formula for smooth

vertical walls based on values of the design soil parameters.
Alternatively, the engineer can enter his or her own
coefficients to suit the conditions of the design by
overwriting the default values.

Maximum earth pressure occurs during service and not at
ultimate limit state, as at ultimate limit state the actual earth
pressure will be less. BS 8002 also uses a mobilisation factor
on soil parameters, increasing load on the active side of the
wall and reducing soil resistance on the passive side. In so
doing, the code recommends that no further partial load
factors are necessary in design of the structure. The above
are not entirely compatible with BS 8110: Part 1, Table 2.1,
nor to our knowledge have they been fully accepted by the
general practising engineer. Many designers do seem to use
the BS 8002 mobilisation factor as well as the traditional
safety factors. Therefore the built-in partial load factors may
be changed. Factors can be set at 1.4 or 1.6 in accordance
with BS 8110 or may be set to 1.0. The designer has, and
should have the final decision and responsibility to select
the load factors he or she feels are suitable to the design
conditions.

BS 8002 suggests that no additional factors of safety are
required in checking of external stability (i.e. overturning
and sliding) provided that the structure is in equilibrium
and the ‘worst credible loads’ are used in the design.

For the calculation of bearing pressures, all partial load
factors are switched to unity and the design checks are based
on allowable ground bearing pressure, i.e. the permissible
stress approach. The bearing pressure is then factored up
with the partial load factors adopted from above for the
design of concrete base. Bearing pressure is calculated using
the concept of 'no tension’ equilibrium, i.e. triangular stress
blocks are used when eccentricity is outside the middle third.

BS 8002 has minimum surcharge and minimum unplanned
excavation depth requirements. However in the spreadsheet,
the surcharge loads are set as input data. The minimum 10
kN/m? limit in BS 8002 has not been used with the
understanding that the BS 8002 committee is considering
reducing the 10 kN/m? to 6 kN/m? for 3 m high walls.

The spreadsheet is based on a number of assumptions which
should be assessed as being true or erring on the safe side in
each case. These are:

¢ Wall friction is zero

¢ Minimum active earth pressure = 0.25gH. A minimum
active pressure of 0.25H (made to be a function of soil
property rather than an arbitrary value equivalent to
approx. 5 kN/m? per m height) to cover conditions
regarding tension cracks. However, this does not
comply with BS 8002, which recommends that full
hydrostatic pressure is used. As the majority of small
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retaining walls have granular backfills, the cohesion
value of retaining soil has been ‘locked’ to zero.

e Granular backfill is used. Even a small value of effective
cohesion, ¢, can significantly reduce active pressures.
However, to acknowledge the fact that many retaining
walls are built with granular backfill for drainage and
to err on the side of caution, the spreadsheet assumes
only cohesionless materials.

¢ The spreadsheet does not include checks on rotational
slide/slope failure.

¢ The spreadsheet does not include checks on the effects
of seepage of ground water beneath the wall.

¢ The spreadsheet does not include checks on deflection
of the wall due to lateral earth pressures.

¢ The spreadsheet is not intended for walls over 3.0 m
high.

Many engineers have reservations about including the effect
of passive pressure in front of the wall and a warning
message has been used to help ensure that passive pressure
is considered only if it can be guaranteed that there will be
no future excavation in front of the wall.

Under Operating Instructions a number of checks are carried
out and problems are highlighted.

K, is calculated using base material properties. Lever arm of
passive reaction is measured from bottom base level
downward. In the calculation of passive force, cohesion of
the base material is also taken into consideration.

STABILITY!

STABILITY! calculates the overturning and restoring
moments, sliding and resisting forces on a section together
with ground bearing pressures and factors of safety. Failures
are highlighted.

Required Factors of safety against overturning and sliding
are required as input. In some circumstances, some loads
may have stabilising effects. By using the check boxes to
switch loads off and on, worse cases should be investigated
by hand.

For stability calculations, overall factor of safety is used
instead of partial safety factors and fill on the external face
of the wall is ignored.

All loads are assumed to be static loads. Dynamic loads /
vibration are not covered. However, at the discretion of the
designer, dynamic effects may be modelled by factoring up
static loads.

The equation for sliding assumes that passive pressure acts
without movement. The user may consider that the situation
is better modelled by applying a partial safety factor to
passive pressure at cell K39.

WALLS — RCC62

Idealisation, rounding errors and assuming a triangular
pressure diagram (which is not strictly correct) may lead to
theoretical inaccuracies. Moments at the top of the wall may
be small to the point of being indistinguishable on the
Bending Moment Diagram - a problem of scale.

An estimate of reinforcement per metre length of wall is
given.

DESIGN!

The first page of this sheet summarises the checks carried
out for moment resistance, shear resistance, crack width and
minimum reinforcement requirements.

Input of both reinforcement diameter and centres is required
both for main bending steel and for transverse and secondary
reinforcement: the spreadsheet works on the principle of
checking a proposed section and reinforcement arrangement
rather than proposing an arrangement of reinforcement.

The second page details the design of both outer and inner
parts of the base. Again, the spreadsheet works on the
principle of checking a proposed section and input of both
reinforcement diameter and centres is required for both
main bending and transverse reinforcement.

WEIGHT!

This sheet shows the build up to the estimate of
reinforcement weight given. The figures should be treated
as approximate estimates only as they cannot deal with the
effects of designers and detailers preferences,
‘rationalisation’, etc.

Diagrams!

Diagrams! shows data for the charts used in other sheets
but is not necessarily intended for printing out other than
for checking purposes.

Crack width!

This sheet shows calculations to determine crack widths in
the wall.

This check is included so the spreadsheet can also be used
for design of water-retaining structures to BS 8007. For
example a water tank may be looked at by setting H, within
DATA! to the water level of the tank, switching soil
properties to 0 and crack width, at DATAIF31, to 0.3 mm.
The crack width check to BS 8007 is the same as that to BS
8110.
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Foeston Grid line 1 ] 30-Aug-99 101
RETAINING WALL design to BS 2110:1997, BS 2002:1994 BS 20041988 efc. |Checked Revision Job No
Originated from 'RCCE2.x1s’ on CD @1999BCA for RCC Ghﬂ - R68
IPEALISED STRUC TURE and FORCE DIAGRANS DESIGN STATUS:  VALID
Line Load L&k, LoKin kN/m
WARNING : X
Passive pressure should Surcharge SGK, SGKin kN/m
only be considered ifit Llig’iiil
canbe guaranteed that [ ——
there will be no future Tw PL
excavation in frontof PS5
the wall. WATER T
B1 4 | FE
) o = o
z ) i PW L
i = 3
PP & = E—
bapd | Tos ] =
3 L BN % *TN Line
DIVENSIONS (mm) Fassive B Load Earth Surcharge  Water
H= 2200 = 2750 Tw= 250
Hw = 100 Bl = 1000 Tb = 400
Hp = 200 BN = (9] TN = o
Hh = Q
MATERIAL PROPERTE S
feu = 35 N/mm?2 ym = 1.5 concrete
fy= 4c0 N/mm2 ym= 1.05 stkel
coverto tension steel = 50 mm
Max allowable design surface crack width W)= 0.3 mm
Concrete density = 24 kN/m?
SOL PROPERTIES Wall G eomeiry
Desighn angle ofintl friction of retained matl (&) = 20 degree
Design cohesion of retained matl (C ) = ] kN/m? (Only granularbackfil considered, "C" = zero)
Density of retained matl (9) = 20 kN/m?2
Subterged Density of retained matl (s )= 1332 kN/m?® [default=2/3"q (only apply when Hw 12.32
Design angle of intl friction of base matl (@b) = 20 degree ASSUNPTIONS
Design cohesion ofbase material (Cb )= 10 kN/m2 a)Wall friction is zero
Density of base material (ap ) = 10 kN/m3 b) Minimum active earth pressure = 0.25qH
Allowable gross ground bearing preseure (GBP)= 200  kN/m? ¢) Granular backfll
d)Does notinclude check of rotational slide /slope fa
LOADINGS Surcharge load - live (5QK)= 10 kN/m? e)Does notinclude effectof seepage of ground
Surcharge load -- dead (5GK) = 10 water beneath the wall.
Line load - live (LQK) = 15 kN/m flDoes notinclude deflection check ofwall due o
Line load --dead (LGK) = 20 kN/m lateral earth pressures
Distance ofline load from wall(X)= 1000 mm h) Design notintended forwalls over 3.0 m high
LATERAL FORCES (unfachored) Ka= 033 [defaultka=(1-5IN2)(1+SIN@)] 033
Kp= 204 [defaultkp = (1+SIN @b)(1-SIN &b’ 2.04
Kpc= 286 [defaultkpc= 2kp™7] = 2.86
Kac= 115 [2ka™]
Force Lever am Nbmentabout TOE Vi Fuit M
(kN) (m) (kNm) (kN) (kNm)
PE = 2412 LE = 1.067 26,41 1.40 47.77 50.97
PS(CGK) = 1067 LS =1.60 17.07 1.40 14.9% 23.89
PS@QK) = 1067 LS5 =1.60 17.07 1.60 17.07 27.21
PL(CK) = e.e7 LL = 236 15.74 1.40 9.33 22.0%
PLQQK) = 5.00 LL = 2.6 11.80 1.60 8.00 1889
PW = 0.05 LW = 0.03 0.00 1.40 0.07 0.00
Total 6717 9809 9717 14310
PP = 612 (LP-HN)= 010 -0.60 1.00 612 -0.60
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Foect Spreadsheets to BS 80ete g REINFORCED CONCRETE COUNCIL
Client Advisory Group T [Made by Date Page
Locztion Grid line 1 r 26-Nov-99 102
RETAINING WALL design to BS 8110:1997, BS 2002:1994. BS 8004:1986 etc) chocked Revioion Job No
Originated from 'RCC62:4s on €D © 1999 BCA for RCC chg - R68
EXTERNAL STABILITY STABILITY CHECKS : 0K
OVERTURNING about TOE F05 = 150
(using overall factor of safety instead of partial safety factor) LOADING OPTION
Overiurning Lateral FORCE (kN) Lever arm (m) Moment (kNm) (select critical load combination)
Moments PE= 2412 LE= 107 2640 vEARTH
PS(CK) = 1067 LS = 160 17.07 = pS(GK)
PS(QK) = 10.67 LS = 160 17.07 B ps(QK)
PL(CK) = 667 LL= 226 15.74 EA PLGK)
PL(QK) = 50O L= 236 1.80 EHPLQY
PW= 0.05 W= 003 0.00 Elpw
s P =611
Pp= -612 (LP-HN) = 010 -0.60 Warning:
s Mo = 97.48 Under some
conditions,surcharge & line
Restoring | Vertical FORCE (kN) Lever arm (m) Moment (kNm) loads may have stabilising
Moments Wall = 16.80 112 18.90 effects on the structure,
Base = 2640 1286 26.50 and It is recommended that
Nib = 0.00 0.00 0.00 stability checks should also
Earth = 84.00 2.00 168.00 be carried out without
Water = 0.00 2.00 0.00 these loads.
Surcharge = 20.00 2.00 c0.00
Line load = 35.00 225 78.75
sV =19220 s Mr = 36195
Factor of Safety, Mr/Mo = 37 >150 0K
SLIDING (using overall factor of safety instead of partial safety factor) FOS = 150
Sum of LATERAL FORCES, P = 6717 kN
PASSIVE FORCE, Pp x Reduction factor (1) = -6.12 kN Red'n factor for passive force = LOO
BASE FRICTION (Y VTANGb+BCb) = -9746 kN
Sum of FORCES RESISTING SLIDING, Pr =  -10358 kN
Factor of Safety, Pr /P = 154 >150 0K
GROUND BEARING FAILUI Taking momente about centre of base (anticlockwise "+") :
Vertical FORCES (kN) Lever arm (m Moment (kNm) BEARING PRESSURE (KN/m?)
Wall = 16.60 025 420 275 000
Base = 2640 0.00 0.00 50
Nib = 0.00 138 0.00
Earth = 84.00 -0.63 -62.50
Water = 0.00 -0.63 0.00
Surcharge= 30.00 -0.65 -18.75
Line load = 35.00 -0.85 -20.65
S v = 19220 S Mv= 9768
Moment due to LATERAL FORCES, Mo = 9748  kNm
100
Resultant Moment,M = Mv + Mo = ~0.20 kNm
Eccentricity from base centre, M /V = 0.00 m
Therefore, MAXIMUM Gross Bearing Fressure (GRP) = 70 kN/m? <200 0K
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R Spreadsheets to BS 8110etc g REINFORCED CONCRETE COUNCIL
Client Advisory 6 roup Tuwy |Made by Date Page
Location Grid line 1 re 30-Aug-99 103
RETAINING WALL design to BS 8110:1997, BS 8002:1994 BS 8004 1Checked Revision Job No
Originated from RCCER.xls" on CD ©1999 BCA for RCC chg - R68
STRUCTURAL DESIGNS (ulimaie) DESIGNCHECKS: 0K
WALL (permeire lengh)
Force |Lleveramm | Nbment Ve V ult Mult
(kN) (m) (kNm) (kN) (kNm)
EARTH | 2607 0.9% 24.20 1.4 3645 24.02
SURCHAR GE (GK) 9.3% 1.40 12.07 1.4 13.07 1629
SURCHARGE(QK) 9.3% 1.40 13.07 1.6 14.93 20.91
LINE LO AD (GK) 6.67 1.96 12.07 1.4 9.3% 18320
LINE LO AD(QK) 5.00 1.96 9.80 1.6 8.00 15,60
W ATER 0.45 0.00 0.00 1.4 0.6% 0.00
Tofal | 56.82 3.3 82.4 107.1
BS&110
reference
MOMENT (KNm)
o 50 oo 150 VAN REINFORCENENT : )
000 Min. As = 225 mm Table 2.25
0= 16 mm
N centres= 125  mm <220 0K  =i1211.270)
g 056 Asprov= 1608 mm* >32% 0K
= NDNENT of RESISTANCE :
I d= 192 mm
§ z= 16946 mm B.4.4.4
1.6% Ag = o] mm*
: = Mres= 119.42 kNm 0721 0K
T o4 E‘
v SHEAR RESISTANCE:
% 100Aslhd = 0.84%
220 = ve= 080 Nimm“ Table 5.6
Vres= 19374 kN >82.4 0K 3552
Uliimate Bending Nbment D iagram
CHECK CRACK WIDTH IN ACCORDANCE WI X= 7521 mm
Acr= 7727 mm
Em= 0.001 626 BS&007
W = 0.29 mm <030 OK App.B.2
REINFORCENENT SUNNVIARY for WALL
Type P Cenires As Mn. As
mm mm mm? mm?
VERTICAL EXT. FACE T 10 200 295 225 0K
VERTICAL INT. FACE T 16 125 1608 225 0K
TRANSYERSE T 10 200 %9% 225 0K
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Project Spmadsheels 10 BS 8110eic REINFORCED CONCRETE COUNCIL

Client Advisory 6 roup ?-;. Made by Date Page
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RE TAINING WALL design to BS 8110:1997, 8S 2002:1994 BS 20041 Checked Revision Job No
Originated from 'RCCE2.xls’ on CD ©1999BCA for RCC chg - R68
OUTER BASE (permeire length) BSEI 10
yr= 1.46  (default=ultmt/non-factored mt ) 1.46 reference
V oult= 86.79 kN
M ult= 53.64 kNm (TENSION -BOTTOM FACE)
BOTTOMREINFORCENENT : Min. As = 520 mm? Table .25
®= 12 mm
centres = 200  mm <762 0K 342.11.2.7(b)
Asprov = 565 mm? >520 0K
NONMENT of RESISTANCE : d= 244 mm
z= 322680 mm 54441
As’ = o] mm”
Mres=  80.96 kNm >53.64 0K
SHEAR RESISTANCE: 100 Aslbd =  0.16%
ve= 040  N/mm? Table 3.8
Vres= 13835 kN >86.79 0K 5552
CHECKCRACKWIDTH INACCORDANCE WITH BS2007 :
X= 06849 mm Em= -0.00076 BS8007
Acr= 10861 mm w= <4018 mm <0.30 0K App. B2

INNER BASE (permeire length)

Voult=  &1.20 kN

Mult = 8946 kNm (TENSION -TOP FACE)
TOP REINFORCENENT : Min. As = 520  mm? Table 3.25
o= 16 mm
centres = 150 mm <766 0K 312.11.2.7(b)
Asprov = 1340 mm? >520 0K
NONENT RESISTANCE : d= 342 mm
z= 32322 mm 2.4.4.4
Ag’ = (0] mm®
Mres= 189.80 kNm >89.46 0K
SHEAR RESISTANCE: 100Ashd = 0.39%
ve=  0B4  N/imm? Table 3.8
Vies= 18402 kN >81.20 0K 35.5.2
CHECK CRACK WID TH wrtBS 8007 : (Temperature and shrinkage effects notincluded)
X = 9205 mm Em= 0.000222 BS&007
Acr= 8681 mm w= 005 mm <0.30 0K App. B2

REINFORCEMENT SUMMARY for BASE

Type [0} Centers M4 Mn. es
mm mm mm mm
TOP (DESIGN) T 16 150 1340 520 0K
BOTTOM (DESIGN) T 12 200 565 520 0K
TRANSYERSE T 12 200 5665 520 0K
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RCC71 Stair Flight & Landing - Single.xls

RCC71.xIs designs simply supported flights and landings to
BS 8110. Input is required on two sheets.

FLIGHT!

This single sheet consists of the input and main output. Inputs
are in blue and underlined and most should be self-
explanatory.

Only simply supported spans are catered for. If flights are
continuous with floors, the user should specify continuity
steel over supports as appropriate. Calculations are done
per metre width of flight. Input loads are assumed to be
characteristic and acting vertically. They should account for
any undercuts. Self-weight, moments and reactions are
calculated automatically. The area of steel required, Am,
may be automatically increased to increase modification
factors and satisfy deflection criteria. Where the stair flight
occupies more than 60% of the span an increase in allowable
span to depth ratios of 15% is included in accordance with
Clause 3.10.2.2. Nominal top reinforcement may be specified
in order to help overcome deflection problems. Dimensions
are not checked for compliance with Building Regulations.

Ultimate, characteristic dead and characteristic imposed
reactions are given below the indicative diagram.

LANDING!

Again, this single sheet consists of the input and main output.
Input defauls in magenta have been derived from FLIGHT!
but may be overwritten. Calculations are done per metre
width of landing.

Inputs are underlined and most should be self-explanatory.
As defaults, which can be overwritten, the material data
and characteristic flight reactions carry over from FLIGHT!
Self-weight, moments and reactions are calculated
automatically. The maximum width of landing over which
flight loads can be dispersed has been restricted to 1.8 m in
the spirit of Clause 3.10.1.3. Reactions are ultimate, both
total and per metre run. The area of steel required, A, can
be automatically increased to satisfy deflection criteria.

Dias!

Dias! calculates the reinforcement sizes and reinforcement
percentages for deflection modification factors used in
FLIGHT! and LANDING!
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Projest  Spreadsheets to BS 8110 REINFORCED CONCRETE COUNCIL
Client Advisory Group % Made by Date Page
Location  South Staircase FLIGHT mw 24-Nov-99| 106
STAIR FLIGHTS AND LANDINGS to BS 2110:1997 Checked Revision Job No
Originated from Betaltrial version of RCC71.xls" on CD © 1999 BCA for RCC chg - R68
MATERIALS
feu 25 Nmm2 ym 15  concrete Min bar & = 10
fy 460 Nmm? ym 105 steel Max bar & = 16
hagg 20 mm Density 226  kN/m?
Cover 25 mm (Normal weight concrete) Nominal top steel 7 Y
DIMENSIONS Sectional Elevation
a= 000 mm landing Ah =175 a b [
b= 2500 mm flight waist = 200 q‘_l%
c= 1200 mm landing B h = 200
d= 600 mm
e= -100 mm
Going= 250 mm L= 4300 R1 H_’D
Rise = 1900 mm total 10 treads
Rise = 173  mm each step Rake = 34.64 ° L 1
LOADING R2
Imposed 4.00 kN/m2 47.0& kN/m ult 57.81 kN/m ult
Flight finishes 160 kN/m? (20.67 + 11.16) (16.91 + £.64)
Landing finishes 130 kN/m?
DESIGN
LANDING A, gk = 413 + 1.30 = 5.43 kN/m?2 n=14x543+ 1.6 x 4.0 = 14.00 kN/m2
FLIGHT, gk = 7.76 + 1.60 = 9.3&6 kN/m? n=14x9235 + 1.6 x 4.0 = 19.55 kN/m?
LANDING C, gk = 4.72 + 1.30 = 6.02 kN/m? n=14x06.02+ 1.6 x 4.0 = 14.63 kN/m2
Zero shear is at 0.6 + (47.08 - 16.860) /19.53 = 2151 m from left
M = 47.06 x 2151 - 16.60 x 2151 - 19.53 x 1.5512/2 = 41.64 KkNm/m
d =200 -25-& =167 mm K = 0.0427 As = 599 mm?d/m
PROVIDE T16 @ 3008 = 670 mm2/m
Enhanced by 8.5 % for deflection  TI0 @ 300 T in span
L/d = 4,500 N67 = 25.749 < 20.0 x 1.256 x 1.050 = 26.375 allowed 0K
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project  Spreadsheets to BS 810 g REINFORCED CONCRETE COUNCIL
Client Advisow G’oup - Made by Date Page
Location  South Staircase LANDING mw 30-Aug-39| 107
STAIR FLIGHTS AND LANDINGS 1o BS 8110:1997 Checked Revision Job No
Originated from Betaltrial version of RCC71xlg’ on CD © 1999 BCA for RCC th R68
MATERIALS
feu 5 N/mm2 ym 1.5 concrete Min bar & = 10
fy 460  N/mme ym 105  steel Max bar & = 16
hagg 20 mm Density 236 kN/m?
Cover 25  mm (Normal weight concrete) Nominal top steel 7 Y

DIMENSIONS a THTG b
a= 1200 wmwm depth,h= 175 mm d d
b= 1200 mm  width,w= 1200 mm ﬂ =~ nl n2 — %
c= 250 mm | |

d= 175 mm L= 3000 mm th ] Tkz

LOADING
LANDING  Imposed 400  kN/mz 79.%3 kN ult 74.0 kN ult
Finishes 1B0O  kN/m2 66.1 kN/m ult 61.6 kN/m ult
Slab  41%  kN/mz h=14x565 + 1.6x 40 = 14.26 kKN/m?2
gk ak
Flight @ reaction 20.867 116 kNim fl = (1.4 x 20.87 + 1.6 x 1116)/1.20 = 39.23 kN/m?
Flight b reaction 1691  £.84  Nim n2 = (1.4 x 16.91 + 1.6 x 8.84)11.20 = 51.51 kN/me
DESIGN

Zero shear is at (66.11 - 2.50) [(14.28 + BI.23) + 0.175 = 1.364 m from left
M = BB x 1.364 - 1428 x 1.3642/2 - 39,25 x 118692/2 = 49,15 kNm/m
d=175 - 25 - & = 142 mm K = 0.0696 AG = 863 mme/m
PROVIDETI6 @ 2208 = 914 mm2/m
Enhanced by 3.7 % for deflection  TI0 @ 325 T in span

L/d = 3,000 N42 = 21127 < 20.0 x 1.01& = 21.450 allowed 0K
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RCC72 Stairs & Landings - Multiple.xls

This spreadsheet designs the flights and landings of a
staircase in a stair core to BS 8110. It is assumed that flights
are supported on the landings and that the landings are
simply supported on bearings at each end.

STAIRCORE!

This single sheet consists of the input and main output. Inputs
are in blue and underlined and most should be self-
explanatory. Dimensions are not checked for compliance
with Building Regulations. Simple supports are assumed.
Calculations are done per metre width of flight and landing.
Input loads are assumed to be characteristic and acting
vertically. They should account for any undercuts. All stairs
are assumed to start from flight 1. Superfluous flights and
landings are blanked out. Self-weight, moments and
reactions are calculated automatically. Where the stair flight
occupies more than 60% of the span an increase in allowable
span to depth ratios of 15% is included in accordance with
Clause 3.10.2.2 and, as with other spreadsheets, the area of
steel required may be automatically increased to satisfy
deflection criteria. Ultimate reactions per metre are given.

Dias!

Dias! calculates the reinforcement sizes and reinforcement
percentages for deflection modification factors used in
STAIRCORE!
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STAIRCORE

REINFORCED CONCRETE
Project Spreadsheets to BS 8110 g COUNCIL
Client Advisory Gl'oup gEHLs | Made by Date Page
Location  North Staircase RMW 24-Nov-99| 109
REINFORCED CONCRETE STAIRCASES to BS 8110:1997 Checked Revision Job No
Originated from RCC72 Xl on CD © 1999 BCA for RCC chg - R68
MATERIALS Plans
feu 25 N/mm2 ym 15 concrete 9 ¥6 L6
fy 460 N/mm2 ym 105 steel SL ,,,,,,,,,,,,,,,,,,
hagg 20 mm Density 236 wme ¢ TITITT
Cover 20 mm (Normal weight concrete) E = u; ‘*mkt‘e ©
£ o | £ £
DIMENSIONS No of Flighte = &} ey § 5
A= 1200 mm B= 150 mmvbearing - < 5
C= 250 mm Going = 250 mm T ””””””””
L1 =] 1200 mm F1= 2200 mm 10 treads 13 ¥4 L4
L2 =[ 1200 mm F2= 2500 mm 10 treads SL iiiiiiiiiiiiiiiiii
L2 = 1200 mm F3= 2500 mm 10 treads a 77777777777777
L4 = 1200 mm F4 = 2500 mm 10 treads g < o~ F+g+t4 <
L5 =| 1200 mm F5 = 2500 mm 10 treads e by _E 'E
L6=| 750 mm F6= 2500 mm 10 treads 3 § E
E < 3 ‘ 9
STOREY HEIGHT RISERS RISE RAKE | 7 LI
Lower 3500 mm 22 1591 mm 3250 Bl ¥5
Typical 2500 mm 22 159.1 mm 225° u 2 2
Upper 2500 mm 22 129.1 mm 225 . SJ]; N
LOADING Imposed 400w g J | _ ;H,f 2l ||
Flight finishes 050  kN/m? 5 E E,
Landing finishes 130 kN/m2 g hd E _ §
- n
FLIGHT 1 E < ﬁ"’H’ P
Waist = 150 mm a= 2350 m [E— —
b= 0600 m T PLBDJ
Waist 420 L= 2950 m “
a
Steps  1.868 b ’—fﬂi
Finishes 050
657  kN/im? T "
nl = 14x6.57+1.6x4.00 14.60 kN/m 22.06 kN/m
= 1560 N/me
M= 2200 x 1414/ 2 = 15.60 kKNm/m d =125 mm K= 00285
As = 360 mm? PROVIDE 5 T10 @ 270 B = 392 mm= Ld = 23600 < 28.213 allowed 0K
FLIGHT 2
Waist = 150 mm a= 2500 m b= 0600 m c= 0600 m
L= 3700 m
Waist 420
Stepe  1.868
Finishes 0.50
857  kN/m? n2= 1560 kN/m? 1950 kN/m 19850 kN/m
M= 1950 x (1.850 - 0.625 ) = 23.869 kNm/m d= 124 mm K= 00444
As = BB7 mmz PROVIDE 8 T12 @ 150 B = 905 mm2 Ld = 29.839 < 30582 allowed 0K
As increased by 53.6 7 for deflection




STAIRS — RCC72 — STAIRCORE

REINFORCED CONCRETE
Projec:  Spreadsheets to BS 810 g CouNCIL
Client Advigory Group win || Made by Date Page
Location  North Staircase RMW 24-Nov-99| 10
REINFORCED CONCRETE STAIRCASES to BS 8110:1997 Checked Revision Job No
Originated from RCC72xds on CD © 1999 BCA for RCC th - R68
LANDING 1 +1750 m
h= 150 mm L= 2800 m ‘ nl ‘ ‘ “2 ‘
na
Self wt  3.54 nl = 14.60/1.20 = 1217 kN L
Finishes 1.20 n2 = 19.50/1.20 = 1625 WN/me2
484 kN/me na = 14x4.84+1.6x40 = 1318  Nme 24.23 kN/m 26.77 kN/m
M = 36.77 x 1.310 - 11.51 - 12.39 = 2448 kNm/m d =124 mm K= 00455
As = B71 mm? PROVIDE 6 T2 @ 220 B = 679 mm? Lid = 22581 < 25639 allowed (1] 4
As increased by 0.9 7 for deflection
FLIGHT 3
Waist = 150 mm a= 2500 m b= 0600 m c= 0600 m
L= 3700 m
) a
Waist 420 br— 3 ¢
Steps 166 T L ’r
Finishes 050
657  WNine nd= 1560 KN/n? 1980 1950
M= 1950 x (1.850 - 0.625 ) = 23.69 kNm/m d = 124 mm K= 0.0444
As = B57 mm2 PROVIDE 8 T12 @ 150 B = 905 mm? Lid = 29.839 < 30582 allowed (1] 4
As increased by 53.6 % for deflection
LANDING 2 +3.500 m
h= ]_5_Q mm L= ZBOO m n3 nz
nb
Selfwt 354 nB= 1625 me T L
Finishes 120 n2= 1625 Nmne
484 N/me nb=121&  kNme 37.95 37.95
M = 3795 x 1400 - 12.91 - 1414 = 26.0& kNm/m d =124 mm K= 0.04865
As = Gl mm2 PROVIDE 6 T2 @ 220 B = 679 mm? Lid = 22581 < 25.899 zllowed 0K
As increased by 34 % for deflection
FLIGHT 4
Waist = 150  mm a= 2500 m b= 0600 m c= 0600 m
L= 3700 m
. a
Waist 4.20 b ’—nA—‘ [
Steps 1.6 T T
Finishes 050 I'
857 N n4d= 1560 KN/n? 1980 1950
M= 1950 x (1.850 - 0.625 ) = 23.69 kNm/m d = 124 mm K= 0.0444
As = 557 mm2 PROVIDE 8 T12 @ 150 B = 905 mnm2 L/d = 29839 < 30582 allowed 0K
As increased by 53.6 % for deflection
LANDING 3 +5.250 m
h= 150 mm L= 2800 m ’—ns—‘ ’T‘ ne
Selfwt 354 nd= 1625 KN/in? L
Finishes 1.30 n4d= 1625 Nme
464 NIk ne= 13186 kNme 37.95 3795
M = 37.95 x 1400 - 12.91 - 1414 = 26.0& kNm/m d = 124 mm K= 0.0485
As = 611 mm2 PROVIDE 6 T2 @ 2208 = 679 mm2 Ud = 22581 < 23.899 allowed 0K
As increased by 34 % for deflection
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REINFORCED CONCRETE
Project  Spreadsheets to BS 810 COUNCIL
Client Ad!lisory G’oup LNaL Made by Date Page
Location  North Staircase RMW 24-Nov-99| M
REINFORCED CONCRETE STAIRCASES to BS 8110:1997 Checked Revision Job No
Originated from RCC72.xls on CO © 1999 BCA for RCC th - R63
FLIGHT S
Waist = 150 mm a= 2500 m b= 0600 m c= 0600 m
L= 3700 m
) a
Waist  4.20 b  1¢
Steps 166 T T
Finishes 0.50 l’
857  WN/me nS5= 1560 KN/mne 1950 1950
M= 1950 x (1.850 - 0625 ) = 23.69 kNm/m d =124 mm K= 0.0444
As = BB7 mm2 PROVIDE 8 T12 @ 150 B = 905 mm2 Ud = 29.86%9 < 30582 allowed 0K
As increased by £53.6 % for deflection
LANDING 4 +7.000 m
h= 150 mm L= 2800 m ’—ns—‘ ’T‘ nd
Selfwt 354 nS= 1625 KN/n?
Finishes  1.30 n4d= 1625 KNmne "
464 NIk nd= 13186 kNme 37.95 27.95
M = 3795 x1400 - 12.91 - 1414 = 26,08 kNm/m d =124 mm K= 0.0485
As = 611 mm2 PROVIDE 6 T12 @ 220 B = 679 mm2 Ud = 22581 < 25.899 allowed 0K
As increased by 3.4 % for deflection
FLIGHT 6
Waist = 150 mm a= 2500 m b= 0600 m c= 0375 m
L= 2475 m a
Waist 420 hr— w ¢
Steps 166
Finishes 0.50 T l’ T
657  kN/me né= 1560 kN/me 1624 20.77
M= 18624 % (1769 - 0.565 ) = 21.61 kNm/m d =124 mm K= 0.0401
As = BO2 mmz PROVIDE 6 T12 @ 220 B = 679 mm? Lid = 28024 < 29.072 zllowed 0K
As increased by 27.0 % for deflection
LANDING 5 +8.750 m
he B0 L= 2600 m s | [We |
ne
Selfwt 254 nS= 1625 KN/n? T 4
Finishes  1.20 no = 1520 KN/ L
484 kN/me ne= 1318 KN/me 3765 26.99
M= 37.65 x 1.377 - 1249 - 1269 = 25,65 kNm/m d= 124 mm K= 0.0477
As = GO0 mm2 PROVIDE 6 T12 @ 220 B = 679 mm? Ud = 22581 < 24.346 allowed 0K
As increased by 2.7 % for deflection
LANDING 6 +10.500 m
h= 150 mm L= 2800 m ’—"6—‘ n.l:
] |
Seifwt 354 nG= 2769 Kt II\ 1\
Finishes  1.20 L
484 kN/me nf= 1318 kNme 2646 4306
M = 432.66 x1.119 - 825 - 1510 = 2552 kNm/m d=125mm K = 0.0467
As = BI2 mm? PROVIDE 5 T @ 160 B = 203 mm? Ld = 22400 < 23.385 allowed 0K
As increased by 1.0 % for deflection




RCC81 Foundation Pads.xIs

This spreadsheet designs simple pad foundations from input
of material properties, dimensions and characteristic loads
and moments. Single column bases and combined, double
bases are catered for on separate sheets.

A diagram is provided to illustrate the dimensions: a chart
showing scale plan views is provided to help ensure gross
errors are avoided. The ‘efficiency’ diagrams are provided
so that the user may gauge how hard the base is working in
respect to allowable increase in ground bearing pressure,
bending and shear in the two axes together with a measure
on punching shear capacity. If the design is invalid, this chart
should help identify the problem.

The spreadsheet does not allow for punching shear links -
bending reinforcement is increased to ensure allowable
shear, v, is adequate. The user should note that punching
shear perimeters can jump from being rectangular to being
two- or three-sided, leading to unexpectedly large increases
in reinforcement for increases in base thickness. Information
from BS 8110: Part 1, Clause 3.7.7.8 and Figure 3.19 has yet
to be fully incorporated in this spreadsheet.

Warnings are given if columns encroach within 100 mm of
an edge.

SINGLE!

Suggestions are made, under the Operating Instructions
column, for the optimum plan size of the base.

Where two centres are given, e.g. 14 T16 @ 200 & 325 B2,
the reinforcement is subject to BS 8110: Part 1, Clause 3.11.3.2
and different centres are required, bars need to be grouped
closer in the central part of the base.

Det1!

This sheet shows workings and is not necessarily intended
for printing out other than for checking purposes.

Allowable bearing pressure is taken as an allowable increase
in bearing pressure and density of concrete - density of
excavated material (i.e. soil) is used in the calculations. The
program assumes that pads are embedded to depth H in
the soil. A 25% over-stress is allowed where load cases
include wind loads.

Design moments are generally those at the face of the
column. Both sides of the column are checked for moment
in each direction to ensure maxima are identified. Shear
enhancement is allowed for both beam and punching shear.

Neither crack widths, factors of safety against sliding, nor
water tables are catered for. Where resultant eccentricities
are outside the base a warning message is given; the general
status message is updated as well. Factors of safety against

FOUNDATIONS — RCC81

overturning are checked (minimum 1.5). Warnings are also
given at the onset of an uplift situation.

DOUBLE!

In addition to graphs showing plan layout and ‘efficiency’,
this sheet gives moment diagrams for the two principal axes.
Design moments are taken at the edge of both column
sections

Suggestions are made, under the Operating Instructions
column, for the optimum plan size of the base and
eccentricities given the column offsets from one another.

The user's attention is drawn to the fact that the analysis is
done in two orthogonal directions. When column
eccentricities are large in both directions the analysis may
not account adequately for local effects (e.g. bottom
cantilever moments on two sides of each column - loads in
opposite corners gives bottom moments of 0 kNm). In such
cases, it may be better to change the orientation of the base
in such a way that eccentricity in one direction is minimal.
Warnings about double eccentricities are given when the
distances between column centrelines exceed 15% of the
relevant base dimension in each orthogonal direction.
Comparison with FE analysis suggests this is reasonable so
long as the base is thick and rigid.

Det2!

This sheet shows workings and is not necessarily intended
for printing out other than for checking purposes.

The notes for Det! above also apply.

Legends!

This sheet shows dimensions, axes, corners and notation
used.

Graf!

This sheet comprises data for graphs for both SINGLE! and
DOUBLE!
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RCC81 — SINGLE

Project spreadSheefS toBS 8110 EoNCRETE REINFOT:%EUDNEENCRETE
Client Advisory G roup m Made by | Date Page
Location Level 1 Base B1 Single column] RMW | 30-Aug99 | 13 |
PAD FOUNDATION DESIGN fo BS 8110:1997 base | checked |Revision Job No
Originated from RCC & xls on CD ©1999 BCA for RCC chg - R68
WTERIALS fecu 35 N/mm?2 h a9g9 20 mm yc 1.5 concrete
fy 460 N/mme cover B0 mm ys 1.05 steel
Densities - Concrete 23.6 kN/m?3 Soil 18  kN/ms® ¥
Bearing pressure 200  kN/mz2(netallowable increase)
@ n | @
DIMENSIONS mm :({"'1
BASE COLUMN B N
L = 3300 h=1200 ; V-t EFQH: T
B = 1800 b = 250 : L
depm H =450 |oooE==s 5
ex =0 ey=0 | ® i @
T
COLUNMN REACTIONS kN, kNm characteristic Plot (to scale) Ke;(
DEAD |[MPOSED| WIND
Axial (kN)[1.001.0( 128.0
Mx (kNm)| -20.0
Grnd Brg Pressure
My (kNm)
Hx (kN) Bending fox
Hy (N) (As/Asprov) fey
STATUS VALID DESIGN Shear v
vy
BEARING PRESSURES kN/m2 characteristic punching
CORNER 1 2 3 4
no wind| 198.7 | 1865 | 1987 | 186.5 Ok 2% BOL 78k 00 125
with wind| 198.7 | 18665 | 195.7 | 186.5 E fliciency
REINFORCEMENT . :
Mxx = 275.0 kNm Myy = 2686.0 kNm
b= 1800 mm b= 3300 mm
d= 392 mm d= 378 mm
As = 16866 mms2 As = 1703 mms2
PROVIDE 9T16 @225 B\ PROVIDE 18T12 @20082
A prov= 1810 mms? Ag prov = 2026 mm?
BEAMSHE AR
Vxx = 329.4 kN atd from col face Vyy = 361.4 kN atd from colface
v= 0467 N/mmz v= 0290 N/mmz
orVxx = 135.2 kN at2d from colface orVyy = 31.2 kN at2d from colface
v= 0192 N/mmz v= 0025 N/mmz
ve = 0.451 N/mmz ve = 0.292 Nimmz
PUNCHING SHE AR
dave = 3285 mm ucrit= 3600 mm
As prov = 0.210 % vimax = 1.441 N/mmzatcolface
v= 0550 N/mmz ve = 0.424 Nimmz
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REINFORCED CONCRETE

Project Spreadsheets fo BS 8110 g COUNGIL
Client Advisory G roup o Made by | Date Page
Location Base B384 Combined hase RNW 30-Aug-99 114
PAD FOUNDATION DESIGN to BS 8110:1997 Checked |[Revision Job No
Originated from RCC81 xls on CD ©1999BCA for RCC chg - R6G8
MATERIAL: fou 35 Nimmz hagg 20 mm ye 1.5 steel
fy 460 N/mmz cover 50 mm ys 1.05 concrete
Densities - Concrete 25.0 kN/m? Soil 18 kN/m?2
Bearing pressure 125 kN/m2(netallowable)
COLUNN REACTIONS kN, kKNm characteristic
Column1 (rhs)| DEAD |IMPOSED| WIND Column2 (hs)| DEAD [IMPOSED WIND
Axial| 225.0 | 225.0 | 112.5 Axial| 225.0 | 225.0 112.5
Mx Mx
My My 50.0
Hx Hx
Hy Hy
DIMENSIONS mm
BASE COLUMN 1 (rhs) COLUMN 2 (lhs)
L = 3000 h1 = 300 h2 = 300
B = 2000 b1 = 300 b2 = 300
depth H = 750
Zex = 300 exl =150 ex2 =150
ey = 1000 eyl = 500 ey2 = 500
STATUS VALID DESIGN
BEARING PRESSURES kN/m2 characteristic
CORNER 1 2 3 4 Grnd Brg Pressure
no wind| 104.2 | 104.2 | 104.2 | 104.2 bending .
with wind| 144.5 [ 1445 | 1132.9 [113.9
(AsiAsprov) foy
REINFORCEMENT
Btm Mxx - 405.0 kNm Myy - 251.7 vy
b= 2000 mm b = 3000 )
d= 692 mm d= 676 purering
As = 1406 mmz2 Ae = 5895 0% 123%
PROVIDE 15T16 @225B1 6 15T16 @225862 & Welenoy
Asprov= 2016 mm? Asprov= 50106 00 05 1.0 15 20 25 30 35
0 _
Top Mxx + 0.0  kNm Myy + 0.0 100
d= 692 mm d= 076 200
As = 0 mm?2 As = O
PROVIDE 15T16 @225T1 £15T16 @225T2 -
Asprov= 2016 mm?2 Asprov= 50106 400
. -500 Moment Columns Zero axis
BEAMSHE AR Mx D iagram
Vxx = 2286 kN atd Vyy= &7.2 00 05 10 15 20 25 30 35
v= 0110 N/mmz v = 0.043 0
orVxx = 0.0 kN at2d orVyy = 0.0 -50
v = 0.000 N/immz v = 0.000 -100
ve = 0.372 N/mm2 ve = 0.375 150
PUNCHING SHEAR 200
d ave = 0684 mm ucrit= 6000 mm 20
As prov = 0.147 2 vmax = 0.804 N/mmeatcolface My D iagram
v= 0153 N/mmz2 ve = 0.573 N/mmz
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RCC91 One-way Solid Slabs (Tables).xls

Design is often undertaken using the moment and shear
factors taken from BS 8110: Part 1, Tables 3.5 and/or 3.12.
This series of spreadsheets uses factors for moment and shear
based on these tables.

RCCI1.xls designs simple one-way solid slabs to BS 8110. For
three or more spans they use moment and shear factors from
Table 3.12. The use of these factors is governed by Clause
3.7.2.7 (single load case and the conditions of Clause 3.5.2.3
are met {bays > 30 m? q, > 1.25 g,, g, > 5.0 kN/m?% and at
least three bays of approximately equal span (the
corresponding factors for beams also restrict use of the
factors to where spans differ by no more than 15% of the
maximum span)). Where the relevant conditions are not met,
users are directed towards RCC31.xls where continuous beam
analysis overcomes many of these caveats.

The design of single- and two-span slabs is also possible.
The factors used for two-span slabs should be considered
subject to the same conditions as for using the factors from
Table 3.12 of BS 8110.

MAIN!

This single sheet consists of the input and main output. In
itself it should prove adequate for the design of the simplest
one-way solid slab designs. A nominal 1 m wide strip of slab
is considered.

Inputs are underlined and most should be self-explanatory.
End support condition determines the factors applied for
bending. Simple charts show the spans, loads and indicative
bending moments. The factors from Table 3.12 give rise to a
single load case that has been subject to 20% redistribution:
a bending moment envelope is inappropriate and the
diagram is therefore indicative only. The factors used are
given in the table below.

Bending moment and shear force coefficients

The factors used are based on continuous end supports. The
two-span factors were derived by modelling the appropriate
number of spans with a single loadcase of 4 kN/m dead and
5 kN/m imposed and allowing any one span to be 15% less
than the input length (strictly according to BS 8110 this is
applicable to beams only).

The area of steel required, A, may be automatically increased
to reduce service stress, f, and to increase modification
factors to satisfy deflection criteria. The option in line 42 to
have top steel in spans influences modification factors used
in deflection calculations.

As most contractors prefer prefabricated reinforcement mats
might be considered.

To the right of the sheet are calculations. An approximate
reinforcement density is given.

Weight!

Weight! gives an estimate of the amount of reinforcement
required in a slab. Simplified curtailment rules, as defined
in Clause 3.12 are used to determine lengths of bars. The
figures should be treated as approximate estimates only as
they cannot deal with the effects of designers' and detailers’
preferences, rationalisation, the effects of holes et etc. It
excludes supporting beams, trimming to holes etc. To the
right of the sheet are calculations of length, etc.

Graf!

This sheet comprises data for graphs used in MAIN! It is not
necessarily intended for printing out other than for checking
purposes.

Coefficient End End Firstint | Interior | Interior
supports [ spans supports | spans supports

Bending
Simple support 1 span 0.00 0.125 ~ ~ ~

2 span 0.00 0.086 0.100 ~ ~

3 span etc 0.00 0.075 0.086 0.063 (0.063)
Continous support 1 span 0.040 0.105 ~ ~ ~

2 span 0.040 0.066 0.100 ~ ~

3 span etc 0.040 0.075 0.086 0.063 (0.063)
Shear

1 span 0.50 ~ ~

2 span 0.46 0.60 ~

3 span ect 0.46 0.60 0.50
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RCCI1

— MAIN

Project Spreadsheets 0 8BS 81106 EC2 REINFORCED CONCRETE COUNCIL
Client Advisory G roup [ Made by Date Page
Location &rd Floor slab mw 30-Aug-99 116
1-WAYSOLID CONCRETE SLAB DESIGN W BS &110:1 997 Tab|| Checked Revision Job No
Originated from RCC 91 .xls on CD ©1999 BCA for RCC chg - R68
LOCATION Supports from grid A wgrid F STATUS
End supportcondition ie C  (C)ontinuous or (S)imple VALID DESIGN
DINVENSIONS MATERIALS
Neofepans N° 3 fy N/mmz 460 ys=1.05
Max Span  m  7.200 feu Nimmz 35 ye =1.850
Thickness, h  mm 200 Density kN/m? 23.6
cover mm 20 (Normalweightconcrete) 1O — — — — — — - —
50{ 77777 RN 1--
LOADING o -=
SelfW eight kN2 472 ol | | [N
Additional Dead kN/m2z 1.00 T T ool - - __________
Total Dead, gk kN/mz 572 N\
Imposed Load, #k kN/m2 2.50 A F A F
Desigh load, n= kN/m?z 12,01 G eomeiry and Loading Indicaiive Bending NbmentD iagram
MAIN STEEL END END FIRSTINT INTERIOR INTERNAL BS &110)
SUPPORTS (5 r) SPANS SUPPORTS SPANS SUPPORTS Reference
Factor 0.040 0.07% 0.086 0.063 0.000 Table 312
M kNm/m 24.9 46.7 52.5 29.2 0.0
d mm 175 172 174 172 O
K 0.022 0.045 0.051 0.028 0 Mibd2fou
z 1663 162.9 162.6 1¢2.4 0 Clause 3.4.4.4
As mm2/m 242 o4 747 548 [l
Rebar T T T T O
g mm 10 16 12 16 12
@ mm clo 225 150 150 225 [
As prov mmém 249 1340 754 894 0
= % 01929 0.779 0433 0.520 0
Max S 535 532 534 532 [l Clause
subclause (a) (a) (a) (a) ul 31211.27
DEFLECTION
fo N/mme 200 150 204 185 0 Ean g
Top steel providec % bd o 6]
Comp Mod factor 1.000 1.000 Table 311
Tens Mod factor 1.e51 1.6%2 Ean7
Perm L/d 423 Ag auto-increased 42.5 As auto-increased Table 3.9
Actual L/d M8 by8o% 4.8 by56%
DISTRIBUTION STEEL As=  015% = 260  mm#m Table 5,25
Provide T 10 at 300 = 262 mm¥m
SHE AR END SUPPORT FIRSTINT SUPT INTERNAL SUPTS
V' kN/m 29.8 51.9 Il Table .12,
Asprov % 0.290 0.423 [
v N/mme 0.231 0.296 0 & quation 3|
ve Nimm? 0.635 0.659 Il Table 2.8
0UTPUTAUMMARY
END END FIRSTINT INTERIOR INTERNAL
SUPPORTS SPANS SUPPORTS SPANS SUPPORTS DISTRIBUTION
PROVIPE [mno@zsm T16 @15081 nz@s5mn TI6 @22561 T10 @300
CHECKS BAR @ SINGLY BAR NO SHEAR GLOBAL
< COVER REINFORCED SPACING DEFLECTION LINKS STATUS
0K 0K 0K 0K 0K VALID DESIGN
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RCC92 Ribbed Slabs (Tables).xls

This spreadsheet designs simple single-, two-span and
multiple-span ribbed slabs to BS 8110: Part 1 using the
moment and shear factors in, or in the case of single and
two spans, consistent with Table 3.12 of BS 8110. The use of
factorsin Table 3.12 is governed by Clause 3.7.2.7 as follows.

¢ Asingle load case is assumed
¢ Conditions of 3.5.2.3 are met
bays > 30 m?,

g, #1.25g,,

Gy # 5.0 kN/m? and
at least three bays are of approximately equal span

¢ The corresponding factors for beams also restrict use of
the factors to where spans differ by no more than 15%
of the maximum span.

The factors used for two-span slabs should be considered
subject to these same conditions. They were derived by
modelling the appropriate number of spans with a single
load case of 4 kN/m? dead and 5 kN/m? imposed, and allowing
any one span to be 15% less than the input length (strictly
according to BS 8110 this is applicable to beams only). The
factors used are based on continuous end supports.

Where the relevant conditions are not met, users are directed
towards RCC32.xls where continuous beam type analysis
overcomes many of these caveats.

MAIN!

This single sheet consists of the input and main output. In
itself it should prove adequate for the simplest ribbed slab
designs. Inputs are underlined and most should be self-
explanatory.

The option to have top steel in spans or not has bearings on
whether shear links can be accommodated and on deflection
calculations. The option to have links, minimal (or nominal)
links or no links is a matter of choice for the designer. Most
contractors prefer to prefabricate reinforcement for ribbed
slabs on the ground or off-site: this means at least nominal
links and nominal top steel are usually required.

¢ Designed links are taken to be those provided where (v,
+0.4)<v<08f

¢ Minimal links are taken to be those that are required to
provide shear resistance for v.<v < (v_+0.4)

¢ Nominal links are those used if required for temporary
support only in areas where v < v,

Under Bending, the Width of solid from CL refers to the
distance between centre line of support and the rib/solid
intersection. It determines where shear and, at internal
supports, hogging moment in ribs are checked. The user
inputs preferred diameters of reinforcement in the rib. At
supports, these bars usually need to be supplemented by
intermediate bars to comply with either spacing rules or with
hogging moments in the solid section of slab.

In spans, the area of steel required, A, may be automatically
increased to reduce service stress, f, and to increase
modification factors to satisfy deflection criteria.

An approximate reinforcement density is given. It excludes
mesh, supporting beams, trimming to holes etc.

Please note that the bending moment diagrams are
indicative only. The factors from Table 3.12 give rise to a
single load case that has been subject to 20% redistribution:
a bending moment envelope is inappropriate. The factors
used are given in the table below.

The factors used are based on continuous end supports. The
two-span factors were derived by modelling the appropriate
number of spans with a single load case of 4 kN/m dead and
5 kN/m imposed and allowing any one span to be 15% less
than the input length (strictly according to BS 8110 this is
applicable to beams only).

DETAILS!

DETAILS! gives two pages of detailed calculations and
references to BS 8110 justifying the output in MAIN! This
sheet is intended as an explanation for the less experienced
engineers and may prove useful for checking purposes.

Bending moment and shear force coeficients

Coefficient End End Firstint | Interior | Interior
supports [ spans supports | spans supports

Bending 1 span 0.040 0.125 ~ ~ ~

2 span 0.040 0.086 0.100 ~ ~

3 span etc 0.040 0.075 0.086 0.063 (0.063)
Shear 1 span 0.50 ~ ~

2 span 0.46 0.60 ~

3 span etc 0.46 0.60 0.50
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Maximum spacing, S__, at supports is based on rib centres:
usually two large bars are required in the top of the rib for
moment at the rib/solid intersection and one, two or even
three smaller bars (minimum T10) are required between to
overcome spacing rules. Concentrating reinforcement with
larger bars in the top of the rib raises the percentage steel
in the rib at the rib/solid interface, thereby maximising v_
and reducing shear requirements.

In terms of curtailment, 50% of reinforcement for maximum
sagging is taken as being A, _, for bending, i.e. excluding
any extra for deflection, etc. Figure 3.25 refers to
‘reinforcement for max. moment’. Ribbed slabs are taken as
being “slabs” so the 40% rule is applied. It is usually assumed
that 'ribs’ become ‘beams’ when they are at centres> 1.5m.

Tapered links are assumed. Where required for shear
resistance, links should be at maximum 0.75d centres.

Weight!

Weight! gives an estimate of the amount of reinforcement
required in a slab. Simplified curtailment rules, as defined
in Clause 3.12 are used to determine lengths of bars. The
figures should be treated as approximate estimates only as
they cannot deal with the effects of designers’ and detailers’
preferences, rationalisation, the effects of holes etc, etc. To
the right of the sheet are calculations of length etc.

Graf!
This sheet comprises data for graphs used in MAIN!
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Project Spreadsheeis fo BS 8110 REINFORCED CONCRETE COUNCIL
Client Advisory 6 roup Made by Date Page
Location 2nd Floor slab mw 30-Aug-99 125
RIBBED SLAB DESIGN 1o BS 8110:1 997 using table 3.1 2 coeffic| Checked Revision Job No
Originated from RCC92.xls on CD ©1999 BCA for RCC Gj_ﬂ prelim R68
LOC ATION Suppols from grid A o grid F STATUS
VALID DESIGN
DIVENSIONS MATERIALS
N°ofspans N° 5 rib width mm 150 fcu N/mmz 35 ye = 1.50
Max Span m  7.200 rib centres mm 750 fy  Nmmz 460 ys=1.05
deptho/a, h mm 300 Side slope  1in 10 v Nmmez 250 Density kN/m2 24.0
topping depth, h mm 100 hagg mm 20 (Normalweightconcrete)
Top steelin spans 7 Y Top cover (o linke) mm 35
Min No ofbars perrib 2 B/S cover (to links) mm 25

Use Links? Y  (Y)es, (N)o or (M)inimal

LOADING
SelfWt kN/mz  4.00
+Dead kN/mz 1.50
Total Dead, gk kN/m2 5.50
Imposed #k kN/m? 500 A F
Desigh load, n = kN/m2 1570 Geomeiry and Loading Indicaiive Bending Noment D iagram
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Project Spreadsheets 1o BS 3110 g REINFORCED CONCRETE COUNCIL
Client Advisory G roup i | Made by Date Page
Location 2ndFloorslab  fromgrids Ao F mw 30-Aug-99 120
RIBBED SLAB DESIGN o BS 81101997 using table 5.1 2 coeffic| Checked Revision Job No
Originated from RCCO2.xls on CD ©1999BCA for RCC chg prelim R68
DETALED CALCULATIONS
ave bw mm 1700 selfwt kN/mz 549
rib area m2z 01090 E/O solid kN/m2 052
Total SW  kN/m2z 4.00
Gk = 29.65 Qk = 56.00 F=11208 N = 15705 kN/m width
NMAIN STEEL L END END FIRST INT INTERIOR INTERNAL BS 8110
SUPPORTS SPANS SUPPORTS SPANS SUPPORTS Reference
Factor 0.04 0.075 0.086 0.06% 0.065 Table 312
M/m kNm/m 22.6 al 70.0 5.3 51.3 -=]
M#kib  kNm 24.42 45.80 52.51 28.47 28.47 -=-
4 mm 254 259 249 201 249
bf mm 750 750 750 750 750
K’ 0.1220 01558 0.1220 01558 0.1220 3.4.4.4]
Web MOR  kNm 50.7 2.2 487 (Gl 487 Fig 3.3
Flange MOR  kNm 223.5 2451 214.8 247 4 214.8 ~=
K O.00 44 0.0260 0.0225 0.0215 0.0256 3.4.4.4]
zZ mm 241.5 2461 220.6 24860 2566 - =
X mm 282 28.6 27.7 29.0 27.7 -=-
a4 wmm 4.0 45.0 37.0 45.0 26.0
netfec N/mmz 0.0 0.0 0.0 0.0 0.0 Fig 3.3
Excess M kNm 00 0.0 00 0.0 0.0
A’ re @ mmz o 0] o o] 0]
max fot N/mme 438.1 438.1 4281 428.1 4281 Fig 3.3
fetdeflection N/mmz - 208.8 - 2466 -
Asre 4 mm? 251 425 507 354 371
bw/b - 0.2267 - 0.2267 -
Min % 01 2% 018% 0.1 5% 0.1 8% 01 5% Table 3.25)
Min As  mm2 295 92 293 92 293
AtED GE of SOLID
M/m kNm/m 24.9 residual steel 281 residual steel 25.0 Table 313
MAib  kNm 187 0.26% 2865 0.26% min % 0.26% 187 ~=
bf mm 150 57 150 9] As resid O 150
K 0.0552 10 0.0877 10 & extra 10 0.08576
zZ mm 257.5 5 221.86 2 No 2 251.9
X mm 571 256 c05 157 As prov 157 280
netfec N/mm2 0.0 256.5 26.9 Fig 3.3)
Excess M kNm 00 0.0 0.0
A’ re @ mmz o o 0]
fot N/mmz 428.1 428.1 438.1
Asre® mm? 180 294 184
TENSION STEEL
Re quired mm?2 180 425 294 354 184
2 inrib ok 10 ok 20 ok 20 ok 16 ok 20
No o} 2 2 2 2
As prov mm? 226 28 (o225 402 (2253
Cleardist mm 54.4 54.2 97.& 2.2 97.8 between bars
Min & ok| 250 ok 250 ok 250 ok 250 ok 250 312111
Max 5 ok| 2007 ok 2267 ok 3000 ok 1740 ok 3000 312.11.2.4
CONPRESSIONSTEEL
Re quired 170 ] 127 ] 106 Table 3.25
2 ok 20 ok & ok 12 ok & ok 10
No 2 2 2 2 2
Ag'prov  mms? [6725] 101 226 101 157
=% ok| 1.455 ok 0228 ok 0534 ok 0227 ok 0371
Cleardist mm 55.6 122.0 70.6 123.0 746 between bars,
Min 5 ok| 250 ok 250 ok 250 ok 250 ok 250 312111
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RCC92 —

DETAILS

Project Spreadsheeils o BS 8110 %’ REINFORCED CONCRETE COUNCIL
Client Advisory 6 roup if| Made by Date Page
Location 2nd Floorslab  from grids Ao F mw 30-Aug-99 21
RIBBED SLAB DESIGN o BS 811 0:1 997 using table 5.1 2 coeffid|| Checked Revision Job No
Originated from RCCO2.x1s on CD ©1999 BCA for RCC chg prelim R68
END END FIRSTINT INTERIOR INTERNAL BS 8110
DEFLECTION SUPPORTS SPANS SUPPORTS SPANS SUPPORTS Reference
fo N/mmz2 224.2 207 4 142.4 2701 90.0 Een g
Base ratio 20.80 20.80 3.4.6.5/4
Tens Mod 1.791 1.593 Table 3.1 0)
Comp Mod 1.071 1.070 Table 311
Perm L/d 39.894 35.466 3463
Actual L/d 27.799 ok 27586 ok 2451
As re gincreasec by 17.8% 12.6%
RIB SHE AR
END FIRST INT INTERNAL
SUPPORTS SUPPORTS SUPPORTS
Factor 046 0.6 05 Table 312
V max  kN/m 52.01 o7.85 56.54 =
V rib  kN/m 57.24 44.99 56.51
v Nimmz|  0.8625 1.0630 0.8626 Een3
ve Nimmz| 0.8975 0.9080 0.9080 NOMNAL Table 3.8
(v-vc)bv Nimm a8.0 e8.0 a8.0 c8.0 Table 3.7
Link & ok| © ok 5} ok © ok 5} 1271
@ mm 191 187 187 196 Spacing
adjustto  mm 175 175 175 175 Spacing
for mm 0] 795 75 - from solid
adjustto  mm 0 &75 175 - from solid
AsDist okl 1208 ok 121.8 ok 121.8 ok 1254 0K 3455
Ag' Dist ok 0 ok o} ok o} ok o} 0K 512.7.2




RCC93 Flat Slabs (Tables).xlIs

This spreadsheet designs simple rectangular flat slabs to
BS 8110: Part 1 using moment and shear factors from
Table 3.12. The use of these factors is also governed by
Clause 3.7.2.7 as shown below.

¢ Asingle load case is assumed
¢ The conditions of 3.5.2.3 are met
bays > 30m?,

qk ? 1 .259k,

9, #5.0 kN/m? and
at least three bays are of approximately equal span

¢ The corresponding factors for beams also restrict use of
the factors to where spans differ by no more than 15%
of the maximum span.

Where the relevant conditions are not met, users are directed
towards RCC33.xls where sub-frame analysis overcomes many
of the caveats made in the code restricting the use of bending
moment and shear factors from Table 3.12.

The spreadsheet does not currently allow for holes or drops.
If holes are considered critical then the user is directed
towards using RCC21.xIs (sub-frame analysis) and allowing
for holes in breadths used. Note should also be made of
Clause 3.7.5. Punching shear can be checked using RCC13.xls.

It does not cater for single or two-span cases.

MAIN!

This single sheet consists of the input and main output. In
itself it should prove adequate for the simplest flat slab
designs.

Most inputs should be self-explanatory. A location plan helps
with definition of dimensions. The number of spans is altered
by changing the number of grid line inputs: deleting the
end grid line name will decrease the number of spans. A
combo-box is used to switch between the continuous and
simply supported end support/slab connection factors. Note
the effect on column transfer moments. Edge distance, C, is
actually from centreline of column to edge of slab.

‘Double penult’ means penultimate in both directions, i.e.
internal column of corner bay.

Please note that the bending moment diagrams are
indicative only. The factors from Table 3.12 give rise to a
single load case that has been subject to 20% redistribution:
a bending moment envelope is therefore inappropriate.

DETAILS!

DETAILS! gives detailed calculations and references to BS
8110 justifying the output in MAIN! This sheet is intended
as explanation for the less experienced engineers and may
prove useful for checking purposes.

TABULAR — RCC93

Column transfer moments are limited to M. see Clause

t max
3.7.4.2 and equation 24

A basic deflection ratio of 26 x 0.9 (see Clauses 3.4.6.1 and
3.7.8) is used in line 189 etc. Some engineers like to use a
higher basic deflection ratio (rather than 26 in the code) to
offset any potential problems with deflection of partitions
and especially of cladding.

Traditional shear links can be very time consuming on site,
so in order to minimise the number of links the centres are
maximised at 0.75d (see line 226 et seq). Additional bars
may be necessary to act as carriers to these links if top and
bottom bars cannot be arranged at the preferred spacings.
Consideration should also be given to using proprietary
systems.

Weight!

Weight! gives an estimate of the amount of reinforcement
required in a slab. Simplified curtailment rules, as defined
in Clause 3.12 are used to determine lengths of bars. The
figures should be treated as approximate estimates only as
they cannot deal with the effects of designers’ and detailers
preferences’, rationalisation, the effects of holes etc, etc.
Additional link carrier bars are not included

Xdia! And Ydia!

In these sheets each bending moment is designed using a
different size bar (with different effective depths, d). The
largest bar (i.e. minimum number of bars) consistent with
maximum specified diameter and maximum spacing rules is
identified and used in DETAILS! Thus a least bars solution is
given. The Xdia! and Ydia! pages find the maximum diameter
that can be used while complying with spacing rules. The
sheet finds which of Clause 3.12.11.2.7 (a) or (b) applies.
This has quite a dramatic effect on rationality of the bars
and spacings. A detailer can always reduce bar diameters
and/or close-up spacing if he or she wishes provided that
overall areas of steel are at least maintained.
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Indicaiive Bending Mbmenis ~X Direclion (kNm perbay)

Project Spreadsheets 1o BS 8110 REINFORCED CONCRETE COUNCIL
Client Advisory Group % Made by Date Page
Location ECBP Typicalfoor o BS8110 mw 30-Aug-99 123
SIMPLIFIED FLAT SLAB DESIGN 1o BS 2110:1997 C1 3.7.2.7 (Table 3.12) Checked Revision Job No
Originated from RCC 9B.xls on CD ©1999 BCA for RCC chg - R68
STATUSVALID DESIGN
LOCATION NS Grids on lines 1 2 5} 4
EW Grids on lines A B C D E
COLUMNS Iniemal Edge Comer
DIMENSIONS X Y H mm 400 400 400
Neofspans Ne 3 4 slab depth,h  mm 250 B mm 400 250 250
Span, L m 7.500  7.499 Top cover mm 25
Edge dist, C mm 125 125 Btm cover mm 25 1 <--X direction > 4
from C/L column Edge supports are CONTINUOUS | .
MATERIALS E
feu  N/mmz 37 h agg 20  mm re =f -2 of
fy Nmme 460 ym 1.05 sl Legend 3
max bard mm 20 ym 1.5  concrete E"‘ — Jz; /l\
fyv  N/mm2z 250 Density 226 kN/m? o E
(Normal weightconcrete) 2 E
LOADING S i = - N
SelfWt kNm: 590  ermLoad 885 kNm Y
+Dead kN/mz 1.50 B
Total Dead, gk  kN/m2  7.40 DEFLECTION CONTROL :'m el
Imposed #k  kN/im* 2,50 Min % top steelin colstips 012 % Al
Design load, n  kKN/m? 1436 Same intop of middle strips? N uT

Indicaiive Bending Nbments -Y Direction (kNm perbay)

@O ========================="="- GO0 - — — — — — = — — —— — — — — — — -~~~
404+ —————— —N——— ——— AN ——— —— == 404+ --—--p -——-"—-"-"4--"-"-—"-"pf-—"—-——-—-[----
N AN st A AT

o - - o _
200 =s===ff=fr==x=s,=g=N\==== - - 200 +\- — — £ —[- X\— — - -/- ===/H====
2N/ N/ 2N I IS
eold gl o — . ________Z__"____
1 4 A E
MAINSTEEL INTERNAL C OLUMN STRIPS MDDLE STRIPS PERINVETER COLUNN STRIPS
XDRECTION b REBAR b REBAR b REBAR
END SUPPORTS | 0.575 77120 @15T 6.924 12716 @575 T1 0M3 4T20 @100 T
END SPANS | 2.750 12720 @300 B1 3.750 10T20 @350 81 2.000 12720 @15081
PENULTIMATE SUPPORTS | 2.750 13720 @200: 400 T 3.750 TT6 @525 2000 10720 @125:250 T
INTERIOR SPANS | 3.750 9720 @40081 3.750 8T20 @450 81 2.000 9720 @20081
INTERIOR SUPPORTS| 3.750 9720 @300: 600 T1 3750 7716 @525 2000  1T20 @200: 40T
YDRECTION
END SUPPORTS | 0575 6T20 @75 12 6.925 12T16 @575 T2 0.450 5T20 @715 12
END SPANS | 2.750 19T20 @ 7582 3751 16 T20 @22582 2.000 26T20 @7582
PENULTIMATE SUPPORTS | 3.750 15T20 @175:350T2 | .751 8T16 @450 T2 2000 11720 @175:350T2
INTERIOR SPANS | 3.750 13720 @27582 2751 11 120 @32582 2.000 16 T20 @10082
SHEAR (ultimate) Grid Vi LINKS LinkZone |
Ref kN Amangement  Width # x Breadh 8
INTERNAL | None 0.0 0 0 0 CHECKS
PENULTIMATE | C2ele  &ge4 | RIZ@S0EW 1788 1788
PENULTIMATE | None 0.0 0 0 o) BAR & > COVER 0K
DOUBLE PENULTIMATE | B2ek 9602 | RIZ@S0EW 1825 1825 SINGLY REINFORCED 0K
SIDE INTERNAL | None 00 0 o) o) BAR SPACING 0K
SIDE INTERNAL | Clek 477.9 | R10 @IS0EW  oeo 1538 DEFLECTION OK
PENULTIMATE SIDE | AZeke 5257 | R12@IS0EW 1044 1687 SHEAR LINKS 0K
PENULTIMATE SIDE | Blek 5257 | R12Z@IS0EW 105 16%0
CORNER | AMlek 2g7.9| RE@ISVEW o5 775 GLOBAL STATUS VALD DESIGN
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Project Spreadsheets to BS 8110 REINFORCED CONCRETE COUNCIL
Client Advisory Group Made by Dste Fage
Location  EC8P Typical floor 1o BS8M0 - mw 13-0ct-09 124
SIMPLIFIED FLAT SLAB DESIGN 1o BS 8110:1997 CI 3.7.2.7 (Table 312) Checked Revision Job No
Originated from RCC9Bxls on CD ©1999 BCA for RCC Ghﬂ - R68
DETAILED CALCULATIONS 85 8110
Reference
GENERAL internalhe 0481 m edgehc 0357 m correrhc  0.257 m 574
Lx 7500 m Ly 7499 m Min As 25 mmz/m 371
MAIN STEEL - X DIRECTION
END END PENULTIMATE INTERIOR INTERIOR
SUPPORTS SPANS SUPPORTS SPANS SUPPORTS
F &07.6 &07.6 &07.6
O0.18Fhc 43,25 54.68 54.68
Total Mu  kNm 1475 454.5 466.2 361.6 226.9 3.7.2.7]
INTERNAL COLUMN STRIPS
b m 0.575 3.750 3750 3750 3750 fige 3128313
Mu  kNm 1475 249.9 249.7 2099 245.2 37.210
4  mm 215 215 215 215 215
K 0.156 0156 0156 0156 0156 5444
K 0.150 0.039 0.055 0.033 0.028 3444,
Z  mm 162.6 2042 2011 2042 2042 3444,
As  mm? 1966 2792 2970 2246 2740 B.444)
As shear  mms? 440 1767 0]
Def enhancement 1293 1180
Asmin mm? 1966 2610 3970 2767 2740 table 325
7 mm 20 20 20 20 20
No bars  No 7 12 13 9 9
@ mm 75 200 200 400 200
&@ mm ~ ~ 400 ~ 600 3.73.
Ag prov  mm? 2199 2770 4084 2827 2827
= mmz/m 2825 1005 10869 754 754
= % 1779 0.468 0507 0.251 0.251
fe  N/mme 276.2 2271 372.6 2544 2715 Eang
Max S  mm 163 47 265 845 384 312127
subclause (b) (b) (b) (a) (k) 312127
MIDOLE STRIPS
b m 6.924 2.750 2.750 2760 2.760 fige 3.1283.13
Mu  kNm 26.9 2044 6.6 17m7 &7 3.7.2.10
4 mm 217 215 217 215 217
K 0156 0.156 0.156 0.156 0.156 3.4.4.4]
K 0.003 0.032 0.018 0.027 0.01% 3444
zZ  mm 206.2 204.% 206.2 204.% 206.2 3444
As  mm? 408 2285 1291 1919 205 5444
Def enhancement 1293 11860
Asmin  mmz 2250 2954 1291 2264 1219 table 3.25
Z  mm 16 20 16 20 16
No bars  No 12 10 7 & 7
@ mm 575 350 525 450 525
As prov  mm? 2413 142 1407 2513 1407
= mm2/m 348 838 275 &70 275
= % 0.161 0.220 0172 0.212 0173
fo  N/mmse 51.9 223.0 2515 224.2 246.5 Ean g
Max S mm co1 845 &51 845 &51 312127
subclause (a) (a) (a) (a) (a) 312127
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Project spreadsheeis 0 BS 8110 ’ REINFORCED CONCRETE COUNCIL
Client Advisory G roup ww, | Made by Date Page
Location ECBP Typical foorio BSS110 mw 30-Aug-99 125
SINPLIFIED FLATSLAB DESIGN fo BS 8110:1997 C13.7.2.7 (Table 312) | Checked Revision Job No
Originated from RCCYBxls on CD ©1999BCA for RCC chg - R68
MAIN STEEL -X DRECTION, confinued
END END PENULTIMATE INTERIOR INTERIOR BS &110)
SUPPORTS SPANS SUPPORTS SPANS SUPPORTS Reference
PERINETER COLUMN STRIPS
F 5102 5102 510.2
O15Fhe 27.51 27.%1 27.%1
Mu  kNm 95.2 184.& 24325 157.8 172.9 27210
b m o413 2.000 2.000 2.000 2.000 fige 3.128313
d mm 215 215 215 215 215
K’ 0156 0156 0156 0156 0156 3444
K 01322 0.054 0.071 0.046 0.051 3444
zZ mm 176.6 201.2 196.4 2023 202.2 3444
As  mm?2 1205 2096 2820 1772 1952 3444
As shear mmz2 211 2437 0
Defenhancement 1.756 1.495
Asmin  mm? 1205 2681 2830 2e60 1952 tble 3.25
g mm 20 20 20 20 20
No bars  No 4 12 10 9 7
@ mm 100 150 125 200 200
&@ mm ~ ~ 250 ~ 400 3.7.3.1
As prov  mm? 1257 5770 142 2827 2199
= mm¥m 2046 1885 1571 1414 1100
= % 1.417 0.877 0.73%1 0.668 0511
fo N/mm2 294.0 1705 245.% 192.2 2405 Ean &
Max S mm 165 254 196 296 267 31211.2.7
subclause ) () (v) () (b) B1211.2.7
MAIN STEEL -YDRECTION
END END PENULTIMATE INTERIOR INTERIOR
SUPPORTS SPANS SUPPORTS SPANS SUPPORTS
Total Mu  kNm 121.3 454.2 460.2 281.6 226.9
INTERNAL C OLUIN STRIPS
b m 0.57% 3750 2.750 2.750 2750 figeo 3128313
Mu  kNm 121.3 249.8 249.6 209.9 245.2. 27,210
d mm 19 195 195 195 195
K’ 0156 0156 0.156 0156 0156 B.4.4.4
K 0.150 0.047 0.066 0.040 0.046 3444
z mm 1526 1841 1794 185.2 184.2 B.4.4.4
As  mm2 1801 2097 4449 2586 2056 3444
As shear mm2 404 1796 1129
Defenhancement 1.879 1.570
As min  mm? 1801 581 & 4449 4060 2006 table 3.25
g mm 20 20 20 20 20
No bars  No [2) 19 15 13 10
@ mm 75 175 175 275 275
&@ mm ~ ~ 350 ~ 550 3.7.31
Ag prov  mm?2 1885 5969 4712 4084 2142
= mm¥m 2278 1592 1257 1089 8286
= % 1.681 0616 0.645 0.559 0.420
fo N/mm2 293.0 1591 2¢1.9 194.2 3704 Edn &
Max S mm 165 285 214 461 314 31211.2.7
subclause () b) () (b) ) 212.11.2.7




TABULAR —

RCC93

— DETAILS

Project spmadsheeﬁ 0 BS 8110 ’ REINFORCED CONCRETE COUNCIL
Client Advisory G roup ww, | Made by Date Page
Location ECBP Typical foor o BS8110 mw 30-Aug99 126
SINPLIFIED FLATSLAB DESIGN fo BS 8110:1997 C13.7.2.7 (Table 312) | Checked Revision Job No
Originated from RCCxls on CD ©1999 BCA for RCC chg - R68
MAIN STEEL -Y D REC TION, confinued
END END PENULTIVATE INTERIOR INTERIO RJ 85 8110
SUPPORTS SPANS SUPPORTS SPANS SUPPORTS Reference
MDDLE STRIPS
b m 6.925 2.751 2.751 2.751 2.751 fige 3128313
Mu  kNm 205 204.4 165 171.7 &7 37210
d mm 197 195 197 195 197
K’ 0156 0156 0156 0156 0156 3444
K 0.005 0.029 0.022. 0.03% 0015 34441
zZ mm 187.2 185.% 187.2 185.2 187.2 3444
As  mmz 370 2519 1421 2116 297 34441
Defenhancement 1.8679 1.570
As min  mm? 2251 4732 1421 2522, 1219 table 3.25
g mm 16 20 16 20 16
No bars  No 12 16 & " 7
@ mm 575 225 450 225 525
Asg prov  mm? 2135 5027 1608 2456 1407
= mm¥m 248 1340 429 21 375
= % 0177 0.c87 0218 0.473 0190
fo N/mm2 47.0 1537 256.6 187.7 271.5 Ean &
Max S mm 591 473 591 585 59 31211.27
subclause (a) ) (2) (@) (a) 31211.2.7
PERINETER COLUMN STRIPS
F 5102 5102 5102
015Fhe 27.51 27.%1 27.%1
Mu  kNm 95.2 184.7 2435 155.2 172.9 37210
b m 0.450 2.000 2.000 2.000 2.000 fige 3128513
d mm 19 195 195 195 195
K’ 0156 0156 0156 0156 0156 34441
K 0147 0.066 0.087 0.055 0.061 3444
z mm 154.8 1795 174.0 182.2 180.6 34441
As  mm2 1374 2349 294 1944 2185 3444
As shear mmz2 228 2230 1417
Defenhancement 2.421 2.449
As min  mm? 1574 8024 3194 4760 21856 tble 5.25)
g mm 20 20 20 20 20
No bars  No 5 26 11 16 7
@ mm 75 75 175 100 275
&@ mm ~ ~ 250 ~ 550 37.3.1
As prov  mm? 1571 &1 65 2456 5027 2199
= mm¥m 2421 4085 1728 2514 1100
= % 1.790 2.095 0.686 1.289 0.564
fo N/mm2 2082 &6.2 254.% 1186 280.8 Ean &
Max S  mm 165 271 159 227 225 B31211.27
subclause () () (b) (b) () 31211.2.7




TABULAR — RCC93 — DETAILS

Project Spmadshee‘lg o BS 8110 REINFORCED CONCRETE COUNCIL
Client Advisory G roup wi, | Made by Date Page
Location ECBP Typical foor BS8110 mw 30-Aug-99 127
SIMPLIFIED FLATSLAB DESIGN o BS 8110:1997 C1 3.7.27 (Table 312) | Checked Revision Job No
Originatzd from RCC9B.xls on CD ©1999 BC A for RCC chg - R68
DEFLECTION -X DRECTION
PERINETER INTERNAL PERINETER INTERNAL 85 8110
END SPANS END SPANS INTERIOR SPANS INTERIOR SPANS Reforence
Asreq mm? 2239 5077 2731 4265
Ag prov. mm? 5341 N2 4084 5341
fo N/mm2 1860 2256.% 2051 244.9 En &
K ave 0.042% 0.025 0.037 0.050
Ag prov  mm?2 670 1256 670 1256
100Asvd % 0.080 0.078 0.080 0.07&
Comp Mod 1.026 1.025 1.026 1.025 En 9]
Tens Mod 1.519 1.499 1.552 1.517 Ean7
Perm L/d 20.46 25.96 37.27 26.29 3.4.61+3.7.8
Actual L/d 24.86 24.88 24.88 24.86
As enhanced 75.6% 29.5% 49.5% 1860%
DEFLECTION -YDIRECTION
PERINETER INTERNAL PERINETER INTERNAL
END SPANS END SPANS INTERIOR SPANS INTERIOR SPANS
Asred mm?2 2608 5601 6 2002 4701
As prov  mm? 10681 10996 ©754 7540
fo N/mm2 1026 156.6 1262 191.2 En &
K ave 0.052% 0.043% 0.044 0.026
Ag prov  mm? 670 1256 670 1256
100Asvd % 0.089 0.086 0.089 0.086
Comp Mod 1.029 1.028 1.029 1.028 En 9]
Tens Mod 1.642 1.621 1.670 1.614 Ean7
Perm L/d 29.55 28.99 4019 26.82 3.4.61+3.7.8)
Actual L/d 28.46 28.46 28,46 28.46
As enhanced 2421 % 87.%% 144.%% 57.0%
PUNCHING SHE AR DOUBLE SIDE SIDE
INTERNAL PENULT PENULT INTERNAL INTE RNAL
None C2ele B2ekc None Cleke
Vt kN 0.0 886.4 969.2 0.0 477.9
Veff’t kN 115 1.15 1.15 1.40 1.40 zble 313
aved mm 205.0 205.0 205.0 205.0 205.0 3.7.6.3
ave As % 0.290 0465 0576 1.096 1471
at1.5d from column face
H mm 1015 1015 1015 [5%%] o225
B mm 1015 1015 1015 &ch &t 3.7.7.6)
uO mm 1600 1600 1600 200 200 3.7.7.6)
v max N/mm?2 0.000 2107 3.390 0.000 2615 Ean 27
V. kN 0.0 1004.7 1097.5 0.0 6.0
u  mm 4060 4060 4060 2130 2130 3.7.7.6)
v N/mm2 0.000 1.207 1.319 0.000 1.507
vG N/mm? 0.622. 0.0l 0.708 0.678 0.697 Eqn 28
Links ? No Yes Yes No Yes tble 3.9
Links at0.5d & 1.25d
Sv mm EW 9] 150 150 ] 150 3.7.7.¢
Aevred mm? o 2216 3758 0 1445 3.7.7.5
Totalu mm 0 6070 e070 ] 2225
g mm o 12 12 0 10
Number 0 4 41 0 22
Asv prov. mm? 0 4657 4037 @] 1728
solve for H8B crit (v =ve ) 37.7.9
Herit mm o 1786 1825 0 269
B crit mm (0] 1786 1825 ] 15387
Additional 0.75d perimete (0] 2 2 ] 2




TABULAR — RCC93 — DETAILS
Project Spreadsheets to BS 8110 | REINFORCED CONCRETE COUNCIL
Client Advisory Group en || Made by Date Page
Location ECBP Typical floor to BS8110 mw 13-0c1-99 128
SIMPLIFIED FLAT SLAB DESIGN to BS 8110:1397 C| 3.7.2.7 (Table 3.12) Checked Revision Job No
Originated from RCC93.xl2 on CD @ 1999 BCA for RCC Bhﬂ = Ros
PUNCHING SHEAR, continued SIDE SIDE BS 8110
CORNER PENULT PENULT Referercel
Aleie A2ete Blefe
Ve kN 287.9 525.7 525.7
VeffiVe kN 125 140 140 table 315
aved mm 205.0 205.0 205.0 2763
avehs % 1.604 1206 1.333
at 1.5d from column
H o mm 633 633 633
B mm 633 865 &65 3.7.7.6)
uO  mm 575 900 900 2.7.7.6)
vmax Nimm?2 3.058 2978 2978
Voo 252.7 726.0 724.9
U mm 1265 2120 2120 2776
v Nimme 1.360 1.660 1.660
Ve Nimme 0.996 0.906 0.957 Ean 22
Links 2 Yes Yes Yes table 3.9
Links at 0.5d $1.25d
Sv mmEW 150 150 150 3.7.7.6)
Asvred  mm? 436 2249 20067 3.7.15)
Totalu  mm 18675 2235 2235
7 mm & 12 12
Number 13 22 22
Aev prov.  mm? &5 2488 2488
solve for H68 erit (v =ve) 2776
Horit  mm 924 104% 1015
Borit  mm 774 16866 1630
Additional 0.75d perimetere 0 2 2




TABULAR — RCC94

RCC94 Two-way Slabs (Tables).xls

This spreadsheet designs restrained two-way solid slabs in
accordance with BS 8110: Part 1 using moment and shear
factors from equations 14 to 20 (i.e. Tables 3.14 and 3.15).
Input is required on the first two sheets.

MAIN!

This single sheet consists of the input and main output. In
itself it should prove adequate for the design of restrained
two-way slabs. Inputs are underlined and most should be
self-explanatory.

Self-weight, moment and shear factors are calculated
automatically. The use of the factors is also governed by
Clause 3.5.3.5 (similar loads on adjacent spans, similar spans
adjacent). Where the relevant conditions are not met, users
are directed towards Clause 3.5.3.6 or alternative methods
of analysis (e.g. sub-frame analysis). Whilst ultimate reactions
to beams are given, shear per se is not checked as it is very
rarely critical.

The dimension | must be greater than |.: bays where | > |

are invalid. It is recognised that B1 can be parallel to |, and
the user should specify in which layers the top and bottom
reinforcement are located (see D33 and H33). In line 32 the
user is asked to specify the diameter of reinforcement to be
used. This reinforcement should be provided at the required
centres in accordance with Clause 3.5.3.5 (1) to (6). (Middle
strips and column strips, torsion reinforcement at corners
where an edge or edges is/are discontinuous.) The
spreadsheet highlights whether additional reinforcement for
torsion is required or not. As noted under Deflection, the
area of steel required, Amq, may be automatically increased
in order to reduce service stress, f, and increase modification
factors to satisfy deflection criteria.

An approximate reinforcement density is given. This is
approximate only and excludes supporting beams, trimming
to holes, etc.

Weight!

Weight! gives an estimate of the amount of reinforcement
required in a slab. Simplified curtailment rules, as defined
in Clause 3.12, are used to determine lengths of bars. The
figures should be treated as approximate estimates only as
they cannot deal with the effects of designers’ and detailers’
preferences, rationalisation, the effects of holes, etc, etc. To
the right of the sheet are calculations of length, etc.

Support widths are required as input as they affect
curtailments and lengths.




TABULAR — RCC94 — MAIN

Project Spreadsheets to BS 8110 & EC2 w REINFORCED CONCRETE COUNCIL
Client Advisory Group S sech, || Made by Date Page
Location 32nd floor - corner panel Fto6:1t02 RMW 13-0c1-99 130
2-WAY SPANNING INSITU CONCRETE SLABS o BS 8110:1897 (Table 3.14) Checked Revision Job No
Originated from RCCI4.xls on CD © 1999 BCA for KCC chg - R68
VIMENSIONS MATEKIALS STATUS  VALID DESIGN
short span, Ix m 810 fou Nimmz 40 Y= 150
long epar,ly m 12,00 fy Nimme 460 Ys= 1.05 ! Edge1 !
b mm 250 Dersity kNim? 22.6 1 :_ :
Top cover mm 20 (Normal weight concrete) Plan .
| /] £ 1
Btm cover wm 20 < i + = [
LOADING characteristic EDGE CONDITIONS 8 v S 8
Self weight  kN/m?  5.90 Edge 1 D C = Continuous w, e} bl
Extra dead kN/m? 1.50 Edge 2 D D = Discontinuous !4 Ly=12m \!
Total Dead, gk kNim2  7.40 Y= 140 Edge 3 c . i 7
Imposed, 4k KN/me .00 Y= 1.60 Edged  C 2 :_ :
Design load, n  kNim? 1826 See Figure 3.8 and clauses 3.5.3.5-6 : Edge 3 ;
SHORT LONG EDGE1 EDGE 2 EDGE 3 EDGE 4 BS8HO)
MAIN STEEL SPAN SPAN Free Free Continuous Contitiuous Reference
Re 0.058 0.034 0.000 0.000 0.077 0.045 Table 3.4,
M kNm/m 89.8 4.0 0.0 0.0 93.0 54.6
4 mm 222.0 208.0 225.0 208.0 222.0 208.0
K 0156 0156 0156 0156 0156 0156
k 0.035 0.024 0.000 0.000 0.047 0.032
Z  mm 210.9 197.6 213.8 197.6 209.7 197.6 5444
Asred mm2/m 755 47% 9} 9} 1013 831
As min  mma/m 225 225 525 525 225 225 Table 3.25|
A deflection mm2im| 966 805 ~ ~ ~ ~
7 mm 1% 12 10 12 1% 12
Layer B1 B2 T1 T2 T1 T2
@ mm 200 175 225 225 175 175
As prov mmim| 1005 646 249 248 149 646
= % 0.45% 0.31 0155 0167 0518 0.31 %
Smax  mm 616 626 885 8%6 397 530 Clause,
Subclause (b) (a) (a) (a) (b) (b) 312127
DEFLECTION
o 230 225 o) o) 270 299 Eend
Mod factor 1437 Een7
Perm Lid 27.357 Actual Lid  26.49 As enhanced 27.9% for deflection control Table 3.10|
TORSION STEEL BOTH EDGES DISCONTINUOUS ONE EDGE DISCONTINUOUS
g mm 10 X Y X Y
ASred  mmzim 549 566 525 3.5.3.5)
AsprovT — mm?/m 248 349 248
Additional As Tre®, — mm?im 226 328 9} @]
AsprovB  mmeim 1005 646 1005 846
Bottom steel not curtailed in edge otrips at free edges
SUPPORT REACTIONS (kN/m char uno) (See Figure 3.10) Sum fvx = 0.888 Table 3,15
EDGE EDGE 2 EDGE 3 EDGE 4 Sum Rvy = 0.660
1LF6 6,241 2,F-6 241 cquations
By 0.355 0264 0533 0296 0.75L 194,20
Dead  KN/m 21.29 15,62 1.9% 23.74
Imposed  kN/m 14,28 10.69 2157 16.04 ? L ?
Vs kN/m 52.8 293 79.2 56.9
OUTPUT/SUMMARY
SHORT LONG EDGE1 EDGE 2 EDGE 3 EDGE 4
PROVIDE SPAN SPAN \,F-6 6,21 2,F-6 F, 241
MAIN STEEL TI6 @ 200 B T2 @17582 T @ 225 T T2 @ 32512 6 @175 T1 T2 @17512
ADDITIONAL 0 CORNER 2 CORNER 3 CORNER 4
TORSION STEEL 0 4] 62 F2
X direction 0 STOT placed in edge strips
Y direction 0 STOT
CHECKS BAR 2 SINGLY MIN MAX 6LOBAL
Lx > Ly < COVER REINFORCED SPACING SPACING DEFLECTION STATUS
0K 0K 0K 0K 0K 0K VALID DESIGN




TABULAR — RCC95

RCC95 Continuous beams (Tables).xls

The spreadsheet designs multiple-span rectangular or
flanged beams. It uses design ultimate bending moment and
shear force factors from Table 3.5 of BS 8110: Part 1. As such
its use should be limited, as defined by Clause 3.4.3, to where:

* Q #G,
¢ Uniform loads are placed
* Variations in span < 15% |

The intention is to provide the design of a simple continuous
beam on one sheet of A4. (Admittedly extra sheets are used
for explanation.)

MAIN!

The input requirements are self-explanatory. Answering "Y"
to Support in alt layer will incur additional cover to top bars
at supports (of the same size as those being designed at
that location) to allow for beams in the other direction. Users
should ensure effective depths, d, are correct (see
DETAIL!D15, etc.).

The choice between rectangular, L or T beam is made via a
combo-box to the right hand side.

When considering span reinforcement, the spreadsheet will,
where necessary, automatically increase reinforcement in
order to lower service stresses and enhance allowable span
to depth ratios. The diagrams for loading and for bending
moment are indicative only (the moment factors in Table
3.5 do not give rise to a moment envelope).

The example is taken from Designed and detailed 9.

DETAIL!

For first time users and young engineers, further detail of
the calculations undertaken is given on the sheet named
DETAIL!, pages 2 and 3 of the print-out.

Weight!

This sheet estimates the weight of reinforcement in the beam
when designed according to normal curtailment rules as
defined in BS 8110. The estimate is repeated at the bottom
of MAIN!. Workings are shown on the right hand side of
the sheet. The estimate may be printed out using File/print
or the print button on the normal toolbar.

It should be recognised that different engineers’ and
detailers interpretations of these clauses, different project
circumstances and requirements will all have a bearing on
actual quantities of reinforcement used.

Graf!

This sheet provides data for the charts in MAIN! and is not
intended for formal printing.




TABULAR — RCC95 — MAIN

Project Spreadsheets to S 8110 g REINFORCED CONCRETE COUNCIL
Client Advisory Group v ins | Made by Date Page
Location 050: Edge beam Grid | fromAtod mw 13-0ct-99 132
CONTINUOUS CONCRETE BEAM DESIGN to BS 8110:1997 Table 25 || Checked Revision Job No
Originated from RCCO5.xls on CD © 1999 BCA for RCC chg - R68
LOCATION Supporte: from grid A togrid J STATUS
VALID DESIGN
DIMENSIONS MATERIALS
Neof epans  No B Shape | BEAM fou N/mrme 40 ym = 150
MaxSpan  m D00 Top cover mm 40 vl N2 460 ym =105
depth,h  mm 250 Bottom cover mm 40 fw  Nmmz 250 Density s 250
bw  mm 300 Side cover  mm 40 h agg mm 20 (Normal weight concrete)
hf mm 175 Support steel in alt layer 7 Y
bf mm QEQ
LOADING

Self WE kwm 1.2
+Dead wim 109
Total Dead, gk knm 121

Impoced 4k wvm 5.0 A J A J
Design load, n = kNim  25.0 Geometry and Loading Indicative Bending Moment Diagram
BENDING END END FIRST INT INTERIOR INTERNAL BS&10
SUPPORTS (~:.) SPANS SUPPORTS SPANS SUPPORTS Reference)
M kNm 0.0 56.2 8.7 437 50.0 Table 25
4  mm 276 290 270 292 270
bf  mm 200 G50 200 50 200 2415
As  mme 0 466 643 260 454 3444
A mme o % % o o B444
Deflection
L/d Max 28.65 20.78 2463
Actual L/d 1724 0K 1712 0K 3461
Tension reinforcement
2 1% 20 20 1% 20
No 2Top 2Bim 3 Top 2Bim 2Top
As prov  mme 402 628 942 402. 628
= % 049 0.72 116 046 078
Compression reinforcement
2 1% 12 12 12 12
No 2Bim 2Top 2Bim 2Top 2Bim
Ag' prov  mme 402 226 226 226 226
= % 049 0.26 028 0.26 028
SHEAR |0UTER SuPT FIRST INT SUPT INT SUPT NOMINAL |
Vo kNim 562 75.0 8.7 ~ Table 35
v N/mm? 0.646 0.926 0.849 ~ Eqn 3,
VG N/mie 0570 0.86586 0.749 ~ Table 3.6
Link & mm 10 10 10 10
legs  No 2 2 2 2
@ mm 200 200 200 200
OUTPUT/SUNIMIARY
END END FIRST INT INTERNAL INTERNAL
SUPPORTS SPANS SUPPORTS SPANS SUPPORTS
PROVIDE 276 T 2mn2T 37207 2m2T1 27207
Main reinforcement  Nominal B 27208 Nominal B 2Ti68 Nominal B
Links 2R10 @ 200 2R10 @ 200 2R10 @ 200 2R0 @ 200 2R10 @ 200
from CL of support for 800 for 600 for 600
CHECKS BARS SINGLE BAR SHEAR 6LOBAL
< COVER LAYERS SPACING DEFLECTION LINKS STATUS

0K 0K 0K 0K 0K VALID DESIGN




TABULAR — RCC95 — DETAIL

Project Spreadsheets to BS 8110 REINFORCED CONCRETE COUNCIL
Client Advisow Gmup Made by Date Fage
Location  D&D: Edge beam Grid 1 from A fo J L w 13-0c1-99 | 133
CONTINUOUS CONCRETE BEAM DESIGN to BS 8110:1997 Table 3.5 Checked Revision Job No
Originated from RCCO5xs on CD © 1999 BCA for RCC chg - R63
DETAILED CALCULATIONS Gk = 60.70 Qk = 25.00 F=12498 W
MAIN STEEL
END END FIRST INT INTERIOR INTERNAL BS 8110
SUPPORTS SPANS SUPPORTS SPANS SUPPORTS Reference
Factor 0.00 0.09 om 0.07 008 Table 35
M kNm 00 56.2 687 437 50.0 R,
d  mm 276 290 270 292 270
bt mm 300 650 300 650 200 2415
K 01558 015568 0.1558 015568 015568 Fig 32
Web Mres  kNm 1424 157.2 126.% 159.4 126.% .
Flange Mres  kNm - 4115 - 4156 - -=-
K 0.0000 0.0257 0.0786 0.0197 0.0571 B444
Z  mm 2622 2755 2439 277 4 2516 R,
X mm 0.7 2.2 58.0 2.4 40.9 -
4 mm 78 56 76 56 72
net fec  N/mm2 0.0 0.0 0.0 0.0 0.0 Fig 33
Excess M kNm 00 00 0.0 00 0.0
As’re®  mme 0o 0o 0o 0o 0o
fot Nimmz 438 438.1 438.1 438.1 4381 Fig 33
Acre®d  mme 0] 466 643 360 454
bw/b 04615 04615
Min % 0.20% 0.1%% 0.20% 0.1%% 0.20% Table 3.25
Min As 210 137 210 137 210
DEFLECTION
fo  Nimmz 00 2274 209.% 2745 2214 Eqne
Base ratio 22.00 22.00 246314
Tens Mod 1628 1549 Table 510
Comp Mod 1.080 1.079 Table 5.1
Perm L/d 26678 26778 3463
Actual L/d 17241 ok 17123 ok 2461
TENSION STEEL
As  mme 210 466 643 260 454
Z  mm 16 ok 20 ok 20 ok 16 ok 20
No 2 2 3 2 2
As prov  mne 402 628 942 402 628
Clear dist  wm 1686.0 160.0 70.0 166.0 160.0  between bars
Min & ok 250 ok 250 ok 250 ok 250 ok 250 312111
Max S ok 3000 ok 2067 ok 2245 ok 1712 ok 2123 Table 525
a1z21n24
COMPRESSION STEEL
Re#uired mm2 314 168 168 185 121 Table 525
Vi) ok 16 ok 12 ok 12 ok 12 ok 12
No 2 2 2 2 2
As’ prov  mn? 402 226 226 226 226
=% ok 0466 ok 0260 ok 0279 ok 0258 ok 0279
Clear dist  mwm 1686.0 176.0 176.0 176.0 176.0  between bars
Min S ok 250 ok 250 ok 250 ok 250 ok 250 312111




TABULAR — RCC95 — DETAIL

Project Spreadsheets to BS 8110 REINFORCED CONCRETE COUNCIL
Client Advisory Group % Made by Date Page
Location D&D: Edge beam Grid 1 from A to J mw 13-0c1-99 134
CONTINUOUS CONCRETE BEANM DESIGN to BS 8110:1997 Table 35 Checked Revision Job No
Originated from RCC95xls on CD © 1999 BCA for RCC chg - R68
SHEAR
OUTER FIRST INT INTERNAL NOMINAL
SUPPORT SUPPORT SUPPORT
Factor 045 0.60 055 ~ Table 35
2N 56.2 75.0 687 ~ o
v Nmme  0.646 0.926 0.649 ~ Eqn 3
ve  Nimne 0570 0.658 0.749 ~ Table 3.8
(v-ve)bv  Nimm 120.0 120.0 120.0 120.0 Table 57
Link & ok 10 ok 10 ok 10 ok 10 31271
Legs ok 2 ok 2 ok 2 ok 2
@ wm 216 203 203 218 21271
Adjustto  mm 200 200 200 200
for  mwm 0 (0] 0 - from ¢l of supt
Adjust to  mm 800 600 600
As Dist ok o0 ok 200 ok 00 ok 00 2455
As’ Dist ok o0 ok 00 ok 00 ok 00 21272




Eurocode 2

At the time of writing (November 1999), we are advised
that the base document, Eurocode 2: Design of concrete
structures, Part 1: General rules and rules for buildings, DD
ENV 1992-1-1: 1992®is due for revision into an EN in the
near future. The spreadsheets presented here are in
accordance with this document but development of other
spreadsheets has not perhaps been as extensive as first
envisaged. Nonetheless, the spreadsheets presented here
cover all the fundamental elements of in-situ concrete and
should give users a good understanding of the current ENV
and provide the basis for an understanding of the final EN
document.

It is hoped that the production of spreadsheets to the final
version of EC2 will occur at some later date.

Eurocode 2, Design of
concrete structures, has
not been widely adopted

SPREADSHEETS TO EC2

Terminology employed will be generally familiar to UK
engineers, although there are some new words. Thus
‘loads’ are referred to as ‘actions’; ‘bending moments’
and ‘shear forces' are called ‘internal forces and
moments’; ‘superimposed loads’ are ‘variable loads’; and
‘self-weight’ and 'dead loads' are referred to as
permanent loads

In EC2, a number of numerical values appear within boxes.
These numbers are for guidance only as each EU member
state is required to fix the values that will apply in its
jurisdiction. The 'boxed’ values are determined by National
Application Documents (the UK NAD is part of reference 3)
and are shown in a separate sheet within the spreadsheets.
Concrete strength in EC2 refers to the cylinder strength (f ),
which is used throughout the EC2 spreadsheets. The
relationship between cylinder and cube strengths is shown
below.

Relationship between cylinder and cube strengths

by UK industry. The

process of converting to
a new design Code of

Practice is slow and
expensive, and EC2 will be
adopted only when there
is commercial advantage
in doing so. Mainland B

Property Strength class
C20/25 | C25/30 | C30/37 | C35/40 | C40/50 | C45/50 | C50/60
f, (cylinder) 20 30 35 40 45 50
f, (cube) 25 37 40 50 50 60
29 30,5 32 335 35 36 37

Europeans, in contrast,

seem more enthusiastic, and there is a danger of the UK
becoming isolated and uncompetitive in Europe. While
several books on the subject have been published, there are
very few design aids. The availability of these spreadsheet
files will help address this need.

These spreadsheets have called for some interpretation of
the ENV. The provision for boxed values and the National
Application Document mean that many factors hidden away
in the BS 8110 versions are documented on a separate sheet
allowing later amendment.

Notes regarding EC2

In his Comparison of design requirements in EC2 and BS 8110,
Narayanan®®¥ gave the following outline description of EC2.

General layout

DD ENV 1992-1-1@: Part 1 is broadly comparable to BS 8110:
Parts 1 and 2. EC2 comprises principles and rules of
application. Principles are general statements, definitions,
other requirements, and analytical models for which no
alternative is permitted. The rules of application are
generally recognised rules that follow the principles and
satisfy their requirements.

Frame analysis

There are slightly differences in the partial safety factors
for loads. ENV 1992 uses factors of 1.35 for dead loads and
1.5 for imposed loads. Corresponding values in BS 8110 are
1.4 and 1.6.

Section analysis

The spreadsheets take a pragmatic approach to the design
of sections to ENV 1992. Thus a simplified rectangular stress
block, Figure 4.4, is used (and particularly in the case of
columns, not the more complicated consideration of strains
in Figure 4.11).

Lever arm, z is restricted to 0.95 x effective depth. This limit
is derived from BS 8110 and avoids dangers associated with
theoretically over-shallow neutral axis depths.

Redistribution of moments in continuous
structures

EC2 permits redistribution of moments in non-sway
structures subject to the maintenance of equilibrium
between the distributed moment and applied loads. The
maximum redistributed moment to the moment before the
distribution is limited to 70%., and to 85% after distribution .




EUROCODE 2

Shear

Applied shear force (V) is compared with three values for
the resistance (V).

V., represents the shear capacity of concrete alone; V,, is
the shear resistance determined by the capacity of the
notional concrete struts; and V,, is the capacity of a section
with shear reinforcement.

Deformation

The ENV 1992 span depth/ratio check is similar to that in
BS 8110. For each type of member, it provides two values,
one for highly stressed members and another for lightly
stressed members. In this context, members with less than
0.5% reinforcement are considered lightly stressed members,
and members with 1.5% reinforcement are considered highly
stressed. More rigorous approaches may be used if required.

Detailing

Formulae for calculating basic lap lengths are similar to those
in BS 8110, but ENV 1992 uses marginally lower bond stress.

Minimum percentages of reinforcement

There is hardly any difference between the two Codes in
the minimum longitudinal reinforcement in beams and slabs.
However for criteria for minimum reinforcement to control
cracking is different.

Familiarisation: outline
description

The layout and workings of the spreadsheets to EC2 are in
line with those in the previous section, Spreadsheets to
BS 8110. Descriptions of the spreadsheets to EC2 are given
in the following pages. The Introduction (page 2), and
General notes (page 3) are common to the use of all
spreadsheets in this publication.




RCCe11 Element Design.xls

RCCe11.xls includes sheets for designing

* Solid slabs

* Rectangular beams and

¢ T beams (and ribbed slabs) for bending

* Beam shear

¢ Columns with axial load and bending about one axis.

RCCe11.xls designs elements to Eurocode 2: Part 1: 19926, It
is assumed that loads, moments, shears, etc, are available
for input from hand calculations or from analysis from
elsewhere. Span-to-depth ratios and other ‘boxed’ values
are taken from the UK National Application Document (part
of reference 3).

SLAB!

This sheet designs a section of solid slab in a single simply
supported span, in a continuous end or internal span, at
supports or as a cantilever. Workings and references to clause
numbers are given to the right hand side of the sheet.

Input should be self-explanatory. Terminology may differ
from the BS 8110 version: for instance the term d is the
redistribution factor (i.e. 1-redistribution percentage/100).
Concrete cylinder strength, f , is changed using the combo-
box to the right hand side.

k!

In spans, the location of the section being designed has a
bearing on deflection limitations, and the appropriate
location should be chosen from the combo-box to the right
hand side. Similarly, the user should choose from the list of
usage (dwelling, officelstore, parking etc.), which governs
the proportion of imposed load affecting long-term
deflection. EC2 requires the input of the relationship
between dead and imposed loading. This is done at cells G9
and G10. When appropriate the sheet will automatically
increase amounts of reinforcement in order to lower service
stresses and enhance allowable span-to-depth ratios.

The example is taken from Worked examples for the design
of concrete buildings® (to EC2) which itself is based on the
1985 version of Designed and detailed. Discrepancies in
numbers may be ascribed to differencesin f, and differences
between tabular and calculated values of x/d.

RECT~BEAM!

This sheet designs a rectangular beam in a single simply
supported span, in a continuous end or internal span, at
supports or as a cantilever. These choices have a bearing on
deflection limitations and the user should choose the
appropriate location from the combo-box to the right hand
side. The user should similarly choose from the list of usage
(dwelling, officelstore, parking, etc.), which governs the
proportion of imposed load affecting long-term deflection.
This sheet will, where necessary, automatically increase
reinforcement in order to lower service stresses and enhance

allowable span to depth ratios. Again, input of the
relationship between dead and imposed loading is required
in cells D12 and D13.

y, is the quasi-permanent load factor applied to imposed
loads in calculations of deflection. The factors are 0.2 for
dwellings, 0.3 for offices, 0.6 for parking areas and 0.0 for
snow and wind.

The example is taken from Worked examples for the design
of concrete buildings® (to EC2) which itself is based on the
1985 version of Designed and detailed.

TEE~BEAM!

This sheet designs a rectangular beam in a single simply
supported span, in a continuous end or internal span, at
supports or as a cantilever. These choices have a bearing on
deflection limitations and the user should choose the
appropriate location from the combo-box to the right hand
side. Choosing between end and interior spans alters
maximum allowable flange width. The user should similarly
choose from the list of usage (dwelling, officelstore, parking)
which governs the proportion of imposed load affecting
long-term deflection. This sheet will, where necessary,
automatically increase reinforcement in order to lower
service stresses and enhance allowable span-to-depth ratios.
Again, input of the relationship between dead and imposed
loading is required in cells D12 and D13. The user may also
choose between a T beam and an inverted L beam.

The example is taken from Worked examples for the design
of concrete Buildings (to EC2) which itself is based on the
1985 version of Designed and detailed .

SHEAR!

This sheet designs beams for shear.

Input is (we hope) self-explanatory. The value of shear force,
V_, used can, provided there is diagonal compression and
continuity of tension reinforcement for at least 2.5 d from
the face of support, be evaluated at d from the face of
support (see Clause 4.3.2.2(10)). The UDL is the relevant
ultimate uniformly distributed load.

The sheet designs the links required at the section
considered. If the beam loading is considered to be uniformly
distributed, the ultimate UDL, n, can be entered under n to
give the distance for which this arrangement is required
before reverting to nominal link arrangement.

COLUMN!

This spreadsheet designs symmetrically reinforced
rectangular columns bent about one axis where both axial
load, N, and maximum design moment, M, are known. It is
based on EC2 Figure 4.4 and Clause 4.2.1.3(12). It iterates x/
h to determine where the neutral axis lies. The sheet includes
stress and strain diagrams to aid comprehension of the final
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design. Workings and references are shown to the right hand
side of the sheet.

For simplicity, where three or more bars are required in the
top and bottom of the section, it is assumed that a
symmetrical arrangement will be required for the side faces
(see the argument included within the commentary for the
BS 8110 version, page 19).

Input is self-explanatory. The sheet assumes that the moment
entered has already been adjusted, if necessary, for bi-axial
bending (see Worked examples for the design of concrete
buildings?® p137). Under Calculations, a is a stress block
shape factor, similar to the 0.67 factor used in BS 8110.

Theoretical shortfalls in area of up to 2% are considered to
be acceptable.

The example is taken from Worked examples for the design
of concrete buildings® (to EC2) which itself is based on the
1985 version of Designed and Detailed. Discrepancies in
numbers may be ascribed to differences in f, and differences
between tabular and calculated values of x/d.

BOX!

This sheet is for reference only. It lists those values specific
for the UK use of EC2, and gives their descriptions.
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Section desigh to Eurocode 2 (DD ENV 1992-1-1:1992)

SOLID SLABS =R oo

TramsroeT
Fanmvs

Originated from RC Cellxls onCD © 1999 BCA forRCC

INPUT Location 18t Floor, Span H-dJ
M kNm/m 20.2 fck  N/mmz 20 Ye =150
o) 100 fyk  Nmmz 460 Ye = 115
span mm 500 gk KN/m® 470
h mm 175 9k KN/m* 400
Bar & mm 12
cover mm 20 to this steel

Section location INTERIOR SPAN
OUTPUT {st Floor, Span H-J

d=175-20-12/2 =149.0 mm

Equn A9 x = [149 - (1492 - 1600/0.6& x 20.2 x 1.5/20)]/0.8 = 10.3 mm
Equn A8 (x/d) limit = 0.448 x/d actual = 0.069 < 0.44& ok
4.2133(12) z=149 - 0.4 x10.3 = 144.9 mm .

As = 20.2E6/460/144.9 x 1.15 = 349 > As min = 224 mm?3/m
54211 As min = 1.5 x 149 = 224 mm?3/m
4422 As crack = 400 x 0.8 x 3 x175/2 | 460 = 183 mm2/m

As def = 23 mm2/m
Provide T12 @ 300 = 377 mm2/m

Table 1 NAD P2 = 0.3 (Office/Store)

4432(4) fo = 460 x 5.90/12.25 x 349/3771.15 = 176.7 N/mm?
Modification factor = 2560/176.7 = 14146

Table 7 NAD Permissible L/d = 1.4146 x 37117 = 52.505

Actual L/d = 500/149 = 3.256 ok
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Section design to Eurocode 2 (DD ENV 1992-1-1:1992)

CONCRETE DETR
RECTANGULAR BEAMS — A P

Trauarcer
P

Originated from RCCeMNxls on CD © 1999 BCA for RCC

INPUT Location 15t Floar, Span 2 Beam type SUFFORT
M kNm 2680 fck 30 Nimme yc 150
<) 0.70 fyk 460  Nimme ys 115
epan  mm 5000
h  mwm 500 REBAR /) COVER . -
b mm 300 Tension 25 b
gk k/m 2580 Comp’n 25 25
ak KWN/m 20.00 Side  -- 25
2= 03 Office/Store 0-0-0-0
OuUTPUT 1st Floor, Span 2

Effective depth, d =500 - 35 - 25/2 = 452.5 mm
Neutral axis, x =[452.5-(452.52 -2E6x268x1.5/0.65/300/30)Y2]/0.6 = 171.0 mm
(x/d) limit = 0.20& x/d actual = 0.378 > 0.2086, x=94.1mm
Lever arm, z=4525-04x941=4149 mm
d =35+ 25/2 =475 mm
Cross fec = 346.7 N/mm?2 from strain diagram
Net fec = 346.7 - 0.65 x 30 /1.5 = 329.7 N/mm?2
Excess M = 268 - 159.5 = 106.7 kNm
Compession steel, As’ =108.7E6 /229.7 /(4525 - 47.5) = &14 mm?2
PROVIDE 2 725 COMFPRESSION STEEL = 982 mm?
Steel stress,  fot = 400.0 N/mm?2 from strain diagram
Tension steel, As = 1.IBEG x 159.3/414.9/400.0 + 813.9 x 329.7/400.0 = 1631 mm?
54211 As min = 1.5 x 300 x 500 = 204 mm?
4422 As crack = 0.4 x 0.6 x 3 x500/2 x 500/460 =133 mm?

PROVIDE 4 T25 TENSION STEEL = 1963 mm?2
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Section design to Eurocode 2 (DD ENY 1992-1-1:1992)

SIMPLE TEE & L BEAMS

Originated from RCCellxls on CD

Con Y HETR

Evwacwain
I Trasronr
DUNCIL [

@ 1999 BCA for RCC

INPUT Location ]SLE[QQL_sm_s_tDA
M Wm  325.0 Beam type END SPAN
o 100 fck 20 N/mme yc 150
span  mm 8000 fyk  BOO  N/mm2 ys 115
h mm 500
b, mwmm 300 REBAR ) COVER _
be mm 1660 Tension 25 25 :":
hy mm 175 Comp'n 12 fo:o]
gk wWm 2580 Side - 25
ak  KWN/m  20.00 2= 02 Office/Store
ouTPuT 1st Floor, Span 3 to 4
Effective depth, d =500 - 35 - 25/2 = 452.5 mm

Neutral axis,

Lever arm,
Tension steel,
54.211
4422
for deflection,

Service stress,

Table 7 NAD

x = [452.5-(452.52 -2E0x325x1.5/0.65/300/30)%2]/0.6 = 2.6 mm

(x/d) limit = 0.446 x/d actual = 0.072 ok

z2=4525-04x32.86 =4394 > 0.95d = 429.9 mm

As = 11BEG x 316.0 /1429.9 /454.6 + 17111555.9 x 0.0 /434.8 = 1741 mm?2
As min = 15 x 300 x 452.5 = 204 mm?

As crack = 0.4 x 0.8 x 3 x 140171/500 = 229 mm?2

As def = 1567 mm?2

PROVIDE 4 T25 TENSION STEEL = 1963 mm?2

fo = 50O x 31.60 /64.63 x 1741 1963 /1 1115 = 1869.1 N/mm?2
Modification factor = 250/169 x 7000/6000 x 0.600 = 0.926
Permissible L/d = 0.926 x 25.482 = 21.757

Actual L/d = 6000 /4525 = 17.660 ok
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Section desigh to Eurocode 2 (DD ENV 1992-1-1: 1992)

BEAM SHEAR

Originated from RCCellxls on CD

SR
_—

© 1999 BCA for RCC

YOETR

B
Transrows
L=

Btm curtailment <= 50%

INPUT Location 18t Floor, Span 2 at 2E
fek  Nmme 20 yc 150 d b
fywk N/mm? 250 ys 115 440 200
Main Steel Link & Legs Side cover Vsd n
g 25 12 2 20 248.0 c4.8
No 2 mm No mm kN KN/m
OUTPUT 1st Floor, Span 2 at 2¢
As = 982 mm2 = 0.744%
TRd = 0.340 N/mm?2 from table 4.8
VRAl = 0.340 x 1160(1.2+40x0.0074) x 300 x 440/1000 = 78.0 kN
VRA2 = 0.3 x 0.55 x 30 x 300 x 440/1000 = 653.4 kN
Ved/VRA2 = 248 /6534 = 0.580
Vwd = 1000(248 - 78.0) = 170039 N
Aswls = 170039 x 1.15 /0.9 /250 /440 = 19752 > 0.6650 min
s requ = 2262 [1.9752 = 116 mm < s max = 264 (54.2.2)
s crack = 300 (Table 4.13)

PROVIDE 2 legs R12 @ 100
Provide for distance of 1500 mm
then nominal links = 2 legs R12 @ 250
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Section design to Eurocode 2 (DD ENV 1992-1-1:1992) YoET
COLUMIN DESIGN (11725 = e A =
Originated from RCCellxls on CD © 1999 BCA for RCC
INPUT Location Column 2 fok 32 N/mm?
Axial load, N 1807 kN fyk 460  N/mme
Moment, M 27.0 kNm Max bar & 20 mm
height, h 200 mm Linkgd 10  mm
breadth, b 200 mm yc 150  concrete
cover (to link) 25 mm ys 115 eteel
CALCULATIONS
from M As = [M - o bd (h/2 - d/2)] 7 [(W/2-d).(foctFor) Y]
from N A, = (N-afubd.) / [(fo. - o) Ye Ap=An=A, d,=min(h, 0.86x)
d = 45 mm afuly.= 1861  Nmne
d= 255 mm T Ym= 4000 Nmme
from iteration, neutral axis depth, x = 550.2 mm dec= 2801 mm
ot bdly, = 1523.9 kN

Steel comp strain = 0.00275
Steel tens strain = -0.00086

foc = 400 Nimme (Comp. stress in reinf.)
fot = -172 Nimmz (Tensile stress in reinf.)
from M, As = 495 mm? from N, As = 495 mim?
OUTPUT oK

Column 2¢
Requires 495mm2 T&B:- PROVIDE 4T20
(ie 2720 T&B - 628mme T&B - 1.40% o/a, @210 c/c.)

Links : - PROVIDE TI0 @ 225
Strain diagram Stress diagram
18.1 N/mmz2
0.00%16
400
0.00275
Notee
0.00086 e Stresees in N/mm’
72
Compression +ve
0.00045

- Neutral axis
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Section desigh to Eurocode 2 (DD ENV 1992-1-1:1992) ’ S ETR
EC2/NAD BOXED VALUES =3 5.
Originated from RCCellxls on CD © 1999 BCA for RCC eee aleo BOXYAL ! e

EC2Ref  Function Value

Table 2.2 Yo 135  dead load factor
Table 2.2 Ya 15 imposed load factor TABLE 1 (NAD)
Table 2.3 Ye 15 concrete wo gl P2
Table 2.3 Yo 115 steel 1 05 0.4 0.2
Table 4.6 o max 40 shear limit 2 0.7 0.6 03
4213 (12) a 085  stress block factor 3 0.7 0.7 0.6
4422 (3) fet o 3 concrete tension
4225 (1) k 1 curtailment factor TABLE 7 (NAD) = Table 4.14
4.32.3 (1) pL 0.02  steel ratio limit o] 0.15 05 (&)
423452 (1) VeaoVes 2.0 punching limit 1 34 25 18
43452 (1) vege/Vfy 09  punching 2 44 22 23
Equn 458 change at 16 punching 3 25 35 25
54.2.11 Equn 5.14 0.6  minsteel 4 4 20 21
54.2.11 Equn 514 0.0015 minsteel B 4 10 7
54.211(2)  AJA. max 0.04  maxsteel
54.2.2(9) 5 max 800  max trans link spacing TABLE 4.5
54521 (4) S max 500  maxslab spacing 20 25 20 35 40
54321 (4) S/hmax 3 max slab epacing 026 0.3 0.34 0.37 o041

5423(2) %ofTab5H 100%  slabshear
Equn513  %As min 0.5%  min column steel




RCCe21 Subframe Analysis.xls

RCCe21.xls analyses sub-frames in accordance with
Eurocode 2: Part 1: 19926,

Spans may be of two different profiles to simulate varying
section inertia.

Inputs are required on two sheets.

MAIN!
This single sheet consists of the main inputs.

Most inputs should be self-explanatory. In cell D9 etc,
‘segment’ refers to the length of the section measured
from the left-hand support. If this is less than the span
length, the cell below will show the remainder of the span
as a second segment. The dimension of the flange width,
b, is automated to be either b , + 0.07 x span for L beams
orb, +0.14 x span for T beams.

Unwanted data cells are ‘greyed out’. The use of C, K, or E
can alter the characteristics of a support from cantilever
to knife-edge to encastré. Remote ends of columns at
supports may be F for fixed, otherwise and by default, P
for pinned. Extraneous data is highlighted in red or by
messages in red. Beneath Operating Instructions a number
of checks, mainly for missing entries, are carried out and
any problems are highlighted. At the bottom of the sheet
there is a simplistic but scale arrangement and loading
diagram. This is given to aid data checking. Great care
should be taken to ensure that this sheet is completed
correctly for the case in hand. It may prove prudent to
write down expected values for bending moments at each
support before progressing to ACTIONS!

Ultimate and characteristic support reactions are given at
the bottom of the sheet

ACTIONS!

This sheet shows bending moment and shear force
diagrams from the analysis undertaken in Analysis! The
user is required to input desired amount of redistribution
to the initial moments in line 27. Cell L14 allows three
types of distribution according to the user's preferences.

The sheet also provides elastic and redistributed ultimate
shears and column moments according to the various load
cases.

Analysis!

This sheet details the moment distribution analysis carried
out but is not necessarily intended for printing out other
than for checking purposes.

ANALYSIS — RCCe21

Graf!

This sheet comprises data for graphs used on other sheets,
particularly in ACTIONS! It is not necessarily intended for
printing out other than for checking purposes

Segs!

This sheet calculates non-prismatic Fixed End Moments used
in other sheets notably in Analysis!. Separately, for each load
type and for unit load, it calculates the simply supported
bending moments at 1/20 points then numerically integrates
the Area Moment diagram to find the Fixed End Moments.
This sheet is not necessarily intended for printing out other
than for checking purposes.
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REINFORCED CONCRETE
Projec Spreadsheets fo BS 810 & EC2 % CouNGIL
Client Advisory Group e Made by Date Sheet No
Location  Spine Beam - SCHEME 4 rmw 25-Nov-99 146
SUBFRAME ANALYSIS TOEC2 (DD ENV 1992-1-1: 1992) Checked Revision Job No
Originated from RCCe21.x19" on CD © 1999 BCA for RCC chg - R68
SPANS LOCATION  from grid C to grid E
L(m) Segment (n) H(mm) bw (mm)  hf (mm) Type bf (mm)
SPAN 1 8.000 2200 800 400 R 400 on LHS of span
2500 500 61615} 150 T 1506 on RHS of epan
SPAN 2 7200 5400 200 400 R 400 on LHS of span
18600 450 400 R 400 on RHS of span
SPAN 3 8.000 8.000 450 400 R 400
SPAN 4 7200 7.200 200 400 R 400
SPAN B
SPAN &
SUPPORTS ABOVE BELOW
Length (m) H (mm) B (mm) End Cond | Length (n) M (mm) B (mm) End Cond
Support 1 K 200
Support 2|  3.600 450 450 E 4500 450 450 E
Support 3| 3.600 400 400 E 4500 400 400 E
Support 4|  2.600 400 400 E 4500 400 400 E
Support 5| 3.600 400 400 E 4500 400 400 E
Support 6
Support 7
LOADING DIAGRAM
LOADING PATTERN
I min max
- - DEAD 1.0 135
! IMPOSED 15
LOADING (characteristic)
Dead Imposed Position Loaded Dead Imposed Pogsition Loaded
Span 1 Load Load from left Length Span 4 Load Load from left Length
ubL 97.27 2600  ~wesn mwemes ubL| 9727 2600  ~nwws emess
PLy e 0 R L
eL2  ~ssas rL2y o ~naee
Part UDL Part UDL
Span 2 Span 9
ubL 50.00 2500  ~emmn sveses ubL
PL1 72 20 8750 ~~wn~ PL1
eL2  ~ssas PL2
Part UDL 4727 11.00 0.750 48600 Part UDL
Span 3 Span 6
155 N Pt & 2 TR VINEVENPY ubL
2 T R Rt PL1
pL2|  aeen PL2
Part UDL Part UDL
REACTIONS
SUPPORT 1 2 3 4 5
MAX ULTIMATE 41387 1265.2 645.0 705.5 664.%
MIN ULTIMATE 172.9 741.9 2403 241.9 239.1
Characteristic Dead 2101 723.8 203.8 2605 23446
Char. Imposed &6.7 2587 156.6 146.9 1527
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REINFORCED CONCRETE
Project Spreadsheets to BS 8110 & EC2 % COUNCIL
Client Advisory Group W |Made by Date Page
Location Spine Beam - SCHEME 4, fromC fo E mw 13-0ct-99 147
SUBFRAME ANALYSIS TO EC2 (DD ENV 1392-1-1:1392) Checked Revision Job No
Originated from RCCe21xls’ on CD © 1999 BCA for RCC t;hg - R68

BENDING MOMENTS (ki ultimate)

|
) e S -
L 7[4777]L \7[77
****** F- 1 B
L L L e
15 20 25 20
¢ Elastic Moments E c Redistributed Envelope E
SUPPORT No 1 2 3 4 5
Elastic M 994.9 534.5 6205 528.6 ~ ~ kNm
Redistributed M 8954 5345 4964 4757 ~ ~ kNm
Column face M -185 751.0 410.7 266.1 346.6 ~ ~
b 1.000 0.900 1.000 0.800 0.900 ~ ~
Redistribution 10.0% 10.0% 20.0% 10.0%
SPAN No 1 2 3 4
ElasticM | 49101 468.03 126 636.29 ~ ~ kNm
Redistributed M 461686 481.64 .26 714.81 ~ ~ kNm
b | 0940 1.030 1.000 1123 ~ ~
SHEARS (kN ultimate)
e N
800 T T T T T
500 | | | | |
| | | |
400 N—— -+ sfoc=de=s sede==g
| | | |
200 § I | I I I
o " . . —
| | | | |
200 - NN\ [~ T -7 A\N]T
) | | |
| | | |
-600 | | | | |
800 | | | | |
o] 5 10 15 20 25 30
& J
¢ Elastic Shears E [ Redistributed Shears E
SPAN No 1 2 3
ElasticV| 4266 7.4 67329 6316 16.2 29.7 kN
Redistributed V| 4137 7052 6601 629.8 15.2 35.3 kN
SPAN No 4
ElasticV| 680.7 6571 kN
Redistributed V| 670.0 6643 kN
COLUMN Ms (kNm ultimate) | 1 2 3 4 5
ADJACENT SPANS Above 245 -2254 2537 -2905
LOADED Below 27.6 -1860.3 202.9 -232.4
ODD SPANS Above -78.1 -96.6 126.3 -1535
LOADED Below -62.5 -76.9 109.0 -122.8
EVEN SPANS Above 152.4 -239.6 265.0 -129.6
LOADED Below 105.2 -191.7 212.0 -234.9




RCCe41 Continuous Beams (A & D).xIs

The spreadsheet allows for the design of multiple-span
rectangular or flanged beams using sub-frame analysis to
derive moments and shears according to the current version
of Eurocode 2: Part 1: 19926

The intention is to provide the design and analysis of up to
six spans of continuous beams with columns above and
below. There are three main sheets: MAIN!, ACTIONS! and
SPANS! Input is required on each of these three sheets.

MAIN!

This sheet contains user input of materials, frame geometry
and load data, for up to six spans. Users should note that
with values of concrete strength of f, > 35 N/mm? (equivalent
to f_, > 45 N/mm?), limiting values of x/d and consequently
m,, (limiting applied moment ratio) are affected
dramatically.

The example is taken from Worked examples for the design
of concrete buildings® (to EC2) which itself is based on the
1985 version of Designed and detailed. In order to reflect
the latter publication, the spreadsheet has been set up with
the beams being considered as rectangular in both the
analysis and design.

Users should note that the maximum permitted flange
widths are calculated from points of contraflexure on the
BM diagrams, and may therefore change with modifications
in loading.

ACTIONS!

ACTIONS! includes bending moment and shear force
diagrams, summaries of moments and shears and user input
for amounts of redistribution. Users should ensure that the
amounts of redistribution are always considered, as there
are no default values.

SPANS!

This sheet designs reinforcement for bending in spans and
supports and for shear in the spans. User input is required
for reinforcement sizes. The size used at a right support is
carried through to the left support of the next span. However
different numbers of bars may be designed, as support
moments (including cantilever moments) are considered at
the face of the support (see Bar!). Non-existent spans are
greyed out.

The reinforcement areas required for ultimate span moments
can be automatically increased in order to enhance span-to-
depth ratios. EC2 Clause 4.4.3.2P(4), appears to give the
unlimited possibility to reduce service stress and increase
span-to-depth ratios, but the spreadsheet does not allow
any increase in span-to-depth ratios greater than 100%. The
effectiveness of increasing the area of reinforcement
depends on the extent of cracking. The effect is marginal if

the section is substantially uncracked, i.e. slabs, but is more
significant for beams. Beeby and Narayanan's Designers
handbook to EC2, p182)® gives some modification factors
based on parametric studies.

Weight!

This sheet estimates the weight of reinforcement in the beam
as designed according to curtailment in EC2. Workings are
shown on the right hand side of the sheet. The estimate
may be printed out using File/print or the print button on
the normal toolbar. It should be recognised that different
engineers’ and detailers’ interpretations of these clauses,
different project circumstances and requirements, will all
have a bearing on actual quantities used. A print-out of this
sheet is reproduced.

Analysis!

This sheet shows the moment distributions used in the
analysis of the beam: it is not intended for formal printing.

Bar!

For first time users and young engineers, further detail of
the calculations undertaken and EC2 references are given.
Moments at % span points are used to determine the top
reinforcement in spans. A print-out of this sheet is
reproduced.

Graf!

This sheet provides data for the charts in MAIN! and
ACTIONS!: it is not intended for formal printing.

Box!

Many values used in EC2 are subject to national ratification.
This is signified by them appearing within boxes in the main
document. These ‘box’ values are defined in the National
Application Document (part of DD ENV 1992-1-1 1992)® and
those used within the spreadsheet are presented within Box!
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MAIN

. REINFORCED CONCRETE
Project Spreadsheets to EC2 g COUNGIL
Client Advisory Group % [ Made by Date Page
Location Worked Examples: Nlain beam Grids C to H rmw | 16-Nov-99 149
CONTINUOUS BEAM ANALYSIS & DESIGN 1o EC2 (0D ENV 1992-1-1 : 1992) Checked Revision Job No
Originated from RCCe41.xls on CD © 1999 BCA for RCC chg - R68
MATERIALS STATUS 0K COVERS (to links)
fek 22 N/mm? dg 20 mm Top cover 20 mm
fyk 200 N/mme ys 115 Btm cover 20 mm
fywk 250 N/mme yc 150 Side cover 20 mm
SPANS L (m) h (mm) bw (mm) hf (mm) Type bf (mm) LOADING PATTERN
SPAN 1 800 500 200 175 R 200 min max
SPAN 2 200 500 300 175 R 300 DEAD 1.0 1.25
SPAN 3 IMPOSED 15
SPAN 4 REBAR LAYERING
SPAN 5 Support steel
SPAN © in alt layer 7 N
SUPPORTS | ABOVE (m) M (mm) B (mm) End Cond | BELOW (m) H (mm) B(mm)  End Cond
Support 1 2500 300 300 E 4.000 300 300 P
Support 2 2500 300 300 E £.000 300 200 14
Support 3 2500 300 300 E 4.000 200 200 14
Support 4
LOADING DIAGRAM
LOADING  uDLs (kN/m2) PLs (kN) Position (m)
Dead Imposed  Position Loaded Dead Imposed  Position Loaded
Span1 Load Load from left Length Load Load from left Length
wL| 258 P T e
0 T 2 [ PP
FL2{ s L s
Part UDL
Span 2
ubL 258 200  wmmmn o || ek e
0 T 2 [ PP
rFL2{  mssas L s
Part UDL
REACTIONS (ki)
SUPPORT 1 2 3
ALL 5FANS LOADED 241.9 5064 159.5
ODD SPANS LOADED 241.9 399.1 525
EVEN SPANS LOADED 79.6 2525 1634
MAX ULTIMATE 2419 5064 1634
Characteristic Dead 927 2092 59.2
Characteristic Imposed 77.9 149.2 55,7




BEAMS — RCCed41 — ACTIONS
. REINFORCED CONCRETE
Project spreadﬁhﬂets to 502 g COUNCIL
Client Advlsow Gl'oup RIS IMade by Date Page
Location Worked Examples: Main beam Grids € to # mw | 13-0c1-99 150
CONTINUOUS BEANI ANALYSIS 4 DESIGN to EC2 (DD ENV 1992-1-1:1992) Checked Revision Job No
Originated from RCCeA1xls on CD © 1999 BCA for RCC chg - R68
BENDING MOMENTS (ki)
e
o 5
500 :
400 |-
300 [~ F===5

-300
S
Elastic Moments Redistributed Envelope
SUPPORT No 1 2 3
ElasticM | 183.4 5823 813 ~ ~ ~ KNm/m
Redistributed M | 1283 2676 813 ~ ~ ~ KNm/m
fb| 0700 0.700 1000 ~ ~ - “
Redistribution 20.0% 30.0%
SPAN No 1 2
Elastic M | 262.7 144.3 ~ - ~ N
Redistributed M | 323.0 139.1 ~ ~ ~ -
Rb| 1220 0.964 ~ ~ ~ “
SHEARS (kN)
4

.
Elastic Shears Redistributed Shears
SPAN No 1
ElasticV | 2405 2858 2402 171.0 ~ ~
RedistributedV | 2419 276.7 229.6 1634 ~ ~
SPAN No
Elastic V ~ ~ ~ ~ ~ ~
Redistributed V ~ ~ ~ ~ ~ ~
COLUMN MOMENTS (o uic] 1 2 3
ALL SPANS Above 103.1 335 -34.%
LOADED Below 677 -17.6 -225
00D SPANS Above 107 -61.1 12
LOADED Below 726 -32.1 08
EVEN SPANS Above 255 14.3 -49.1
LOADED Below 22.0 75 -52.2




BEAMS — RCCe41 — SPANS

Project Spreadsheets to EC2 REINFOT:%EUDN(éﬁNCRETE
Client Advisory Group wuin [Made by Date Page
Location Worked Examples: Main beam Grids C to H rmw 13-0ct-99 | 151
CONTINUOUS BEAM ANALYSIS & DESIGN to EC2 (DD ENV 1992-1-1:1992) Checked Revision Job No
Originated from RCCe41xls on CD © 1999 BCA for RCC chg = R68
SPAN1 LEFT CENTRE RIGHT
ACTIONS M kNm 1341 323.0 2418
) 0.70 123 0.70
DESIGN d mm 460.0 452.0 455.5
As  mm2 596 1996 1541
Ag’ mmz o] o] 522
TOPSTEEL  Layer 3 T 16 3 T 12 3 T 25
Layer 2
As prov  mm? 603 Ag’ prov 229 As prov 1473
BIMSTEEL  Layer 3 T 16 3 T 32 2 T 32
Layer 2
A’ prov  mm2 603 As prov 2413 As’ prov 1608
DEFLECTION L/d 17.70 Allowed 2723
SHEAR Ved kN 252.2 LINK & 267.0
VRd1 kN 66.8 12. 76.5
VRd2 kN 7154 NOMINAL 7084
Sreq mm 163 340 141
LINKS R12 @ 150 for 1950 R1Z @ 250 R1Z @ 125 for 2500
legs No 2 2 2
CHECKS % AS ok ok ok
Cover ok ok ok
min 5 ok ok ok
max 5 ok ok ok
Links ok ok ok
Main bars ok ok ok
max V ok ok
Deflection ok
SPAN 2 LEFT CENTRE RIGHT
ACTIONS M kNm 249.6 1591 575
) 0.81 0.96 1.00
DESIGN d mm 4575 457.5 464.0
As mmz 1419 748 500
As" mmz 74 0] ]
TOPSTEEL  Layer 3 T 25 2 T 25 3 T 12
Layer 2
Ag prov  mm? 1473 As’ prov 962 As prov 329
BTM STEEL Layer 1 3 T 12 2 T 25 3 T 12
Layer 2
Ag prov  mm2 239 Ag prov 262 Ag’ prov 3539
DEFLECTION L/d 15.11 Allowed 5649
SHEAR Vad kN 219.9 LINK & 1537
VRd1 KN 787 10 63.6
VRd2 kN 711.5 NOMINAL 721.6
Sred mm 122 226 209
LINKS R10 @ 125 for 2000 R0 @ 225 R10 @ 200 for 1000
legs No 2 2 2
CHECKS % AS ok ok ok
Cover ok ok ok
min 5 ok ok ok
max 5 ok ok ok
Links ok ok ok
Main bars ok ok ok
max V ok ok
Deflection ok




BEAMS — RCCed41 — BAR

Froject & location ~ Spreadsheets to EC2 :Worked Examples: Main beam Grids C to H:to EC2 SPAN 1 m
CONTINUG IS BEAM ANALYSIS & DESIGN to EC2 (DD ENV '282-1- 1892)  Originated from RCCaA xle on G0 @ 982 BCA for RCC
Span .00 m h 500 mm Top cover 32 mm to main steel Job No RG&
R beam bw 300 mm Btm cover 32 mm to main steel by rmw
1o EC2 hf 175 mm Side cover 22 mm to main steel Date 29-Nov-99
Ac 150000
MAIN STEEL LEFT 251 SPAN RIGHT ECZ Ref
M CL kNm 128.3 Top steel check 2676
M face KNm 131 56.6 323.0 241.6
d 0.700 0.700 1230 0.700
d mm 460.0 462.0 452.0 4555
bt mm 300 300 300 300
x lim mm 957 947 2025 947
x mm 59.6 29.9 1994 136.9 42153
Conc MOR KNm 175.6 174.9 326.9 172.2 42133
z mm 436.2 436.9 372.3 417.6 S=-
a8 mm 40.0 46.0 38.0 45.0
net fec N/mm? 212.0 0.0 410.6 3272 Fig 4.4
Excess M KNm 0.0 0.0 0.0 869.6
As'req mme o o o 522
fot N/mm? 434.6 4348 434.6 434.5 Fig 4.4
Asred mm? 596 307 1996 1241
bt mm 300 200 200 300 5.4.211
As min mme 207 208 203 205 Eaqun 5.4
As crack mme 245 216 230 245 Eaqun 478
As deflection mm? 856 ] 4432
DEFLECTION CHECK
fo N/mm? 28606 135.2 2775 4452 (4)
p % 1.779 10786 Table 7
Base ratio 23.00 0.00 (NAD)
Mod factor 1.619 07886 4432
Perm Lid 37.2 0.0 =
Actual L/d ok 17.7 ok 0.0
T NSI NST
Re ired mm? 596 1996 1241
I mm ok 16 ok 32 ok 25
22 mm o o 0
Max No layer 5 3 4 5.4.211
No 1 3 3 3
= mm? 603 2413 1473
No 2 ok o ok o ok o
s prov mm? 603 2413 1473
=% % ok 0402 ok 16086 ok 0.982
Clear dist mm 94.0 70.0 805 between bars
Min & mm ok 25.0 ok 32.0 ok 25.0 5211 (3)
Max & mm ok 133.2 ok 2991 ok 1281 Table 412
PR $SI NST
Re ired mm2 603 307 603 5.4.21
I mm ok 16 ok 12 ok 32
o2 mm ] 9} 9}
Max No layer (2] (4] 5}
No 1 3 3 2
= mm? 603 339 16086
No 2 ok o ok o ok o
S prov mm?2 603 339 16086
=% % ok 0402 ok 0226 ok 1.072
Clear dist mm 24.0 100.0 172.0 between bars
Min & mm ok 20.0 ok 250 ok 22.0 5211 (3)
SH AR TRd = 0.35
Ved at face kN 232.2 k=1 267.0
pL 0.457% v= 054 1.0786% 4525
VRd1 kN 866.5 Asw/s min = 0.67 765 (418)
VRA2 kN 715.4 Nominal 708.4 (4419)
Ved/VRd42 0.325 0232 0.577
Vwd kN 1654 975 1866.6
Asw/s red mm 128696 o 159986 (4.23)
sree mm 163 240 141
s max mm 276 273 273 (5.17-19)
& crack mm 200 e 200 Table 413
Link & mm ok 12 ok 12 ok 12
Legs ok 2 ok 2 ok 2
@ mm 163 273 141
Adjust to mm 150 250 125
for (UDL only) mm 2077 o 20614 from ol
for (with PL) mm 2077 o #N/A .
Adjust to mm 1950 o 2500 from face
s trans lim mm 460.0 452.0 4555 54.22(9)
s trans mm ok 248.0 ok 248.0 ok 248.0




EAMS RCCe4d1 BAR

Project & location ~ Spreadsheets to EC2 :Worked Examples: Main beam Grids C to H:to EC2 SPAN 2 ﬂ
CONTINUO JS BEAV ANALYSIS & DESIGN to ECZ (DD ENY ‘992-1-_1992) _Originated from KCCed x 5 on LU © 1999 BCA for KCC
Span 6.00 m h 500 mm Top cover 20 mm to main steel Job No R&&
R beam bw 300 mm Btm cover 50 mm to main steel by rmw
1o EC2 hf 175 mm Side cover 20 mm to main steel Date 29-Nov-99
Ac 150000
MAIN STEEL LEFT 251 SPAN RIGHT EC2Ref
M CL KNm 267.6 Top steel check 81.3
M face KNm 249.6 18.2 129.1 575
5 0.808& 0.6079412 0.964 1.000
d mm 4575 4575 4575 464.0
bf mm 300.0 200.0 200.0 300.0
x lim mm 124.7 134.7 191.7 207.9 25342
X mm 142.% 30.0 74.7 29.2 42155
Conc MOR kNm 2206.6 256.6 317.6 5445 42133
z mm 403.6 4335 427.6 440.6 =
a4 mm 26.0 425 425 26.0
net fsc N/mim? 416.6 185.9 2836 00 Fig 4.4
Excees M KNm 12.0 0.0 0.0 0.0
As ree mm? 74 o] [} [}
fot Nimm2 434.8 4345 4348 434.6 Fig 4.4
Asree mm? 1419 800 748 200
bt mm 300 300 300 300 54211
As min mm?2 206 206 206 209 Eaqun 514
As crack mm? 245 179 215 245 Eaqun 478
As deflection mm? ] 195 4432
DEFLECTION
fe N/mm? 2543 133.1 131.7 4452 (4)
p % 1.073 0.71% Table 7
Base ratio 0.00 50.06 (NAD)
Mod factor 0.963 1.679 44352
Perm L/d 0.0 585 =
Actual L/d ok 0.0 ok 13.1
TENSION STEEL
Re #uired mm? 1419 748 200
81 mm ok 25 ok 25 ok 12
22 mm o o o
Max No/layer 4 4 e} 54211
No 1 3 2 3
= mm? 1473 962 339
No 2 ok o ok o ok o
As prov mm? 1473 262 339
=% % ok 0.982 ok 0.654 ok 0226
Clear dist mm &25 190.0 102.0 between bare
Min S mim ok 25.0 ok 25.0 ok 25.0 5211 (3)
Max S mm ok 157.1 ok 308.7 ok 3234 Table 4.2
COMPRESSION STEEL
Re @ uired mm? 245 600 245 5.4.21
21 mm ok 12 ok 25 ok 12
22 mm o 0 o
Max No/layer 7 4 7
No 1 3 2 3
= mm? 339 962 339
No 2 ok o ok o ok o
As’ prov mm? 339 262 339
=% % ok 0226 ok 0.654 ok 0226
Clear dist mm 102.0 190.0 102.0 between bars
Min & i ok 20.0 ok 25.0 ok 20.0 5211 (3)
SHEAR TRd = 0.35
Ved at face kN 219.9 k=1 153.7
pL 1.07%% v= 054 0.244% 4325
VRd1 kN 78.7 Aswle min = 0.67 63.6 (418)
VRA2 kN M5 Nominal 721.6 (419)
Ved/VRd42 0.309 0.200 0.213
Vwd kN 141.2 7867 20.1
Asw/s red mm 11928 v 0.7507 (4.23)
sree mm 132 236 209
& max mm 275 275 278 (5.17-19)
s crack mm 300 e 300 Table 413
Link & mm ok 10 ok 10 ok 10
Legs ok 2 ok 2 ok 2
a mm 132 236 209
Adjust to mm 125 225 200
for (UDL only) i 2178 . 157 from ol
for (with PL) mm 2178 o #N/A -
Adjust to mm 2000 o 1000 from face
s trans lim mm 4575 4575 464.0 54.22(9)
s trans mm ok 250.0 ok 250.0 ok 250.0




SUPPORTING FOLDERS

The main folders Admin, ByOthers and UserGuid, are
provided in order to help the user. The folder hierarchy,
together with sub-folders and the spreadsheet files, is shown
in the screen dump below.

Admin

Under the Admin folder will be found several folders and
files associated with the use of the spreadsheets.

Acrobat folder (and sub-folders)

To read and print from the fully illustrated Userguid.pdf
you need to have Adobe Acrobat ® Reader (version 3.0 or
above) on your computer. Use Windows Explorer to check
your hard disk for a folder called Acrobat.

If Reader is not there, then for Windows 95, 98 and NT install
it from the CD-ROM, E:\Admin \Acrobat \PC\32bit \Setup.exe.
If E is not your CD-ROM drive, substitute the correct letter.
Double click on Setup.exe, the self extracting installer file,
which will install the software onto your hard disc.

Screen dump from Windows Explorer

TheFonts

This folder contains the font files:
¢ Tekton~i.ttf

¢ Tekton~n.ttf

o Marker.ttf
These fonts have been included in order to give users access
to the fonts intended for the spreadsheets.

These condensed fonts were used in the spreadsheets in
order to emulate a designer’s handwriting and to allow an
adequate amount of information to be shown across the
page and in each cell. As described under Fontsin Using the
spreadsheets for the first time (see page 11), unless the
appropriate fonts and default font size have been installed,
the appearance on screen will be different from the
publication and from that intended. Column width and cell
overlap problems may occur unless the correct fonts and
default font size are installed.

To the best of our knowledge these fonts are copyright-free.

5‘ Exploning - RC-5preadsheets =] B3
File Edt “iew Toolz Help
Ia RC-Spreadsheets j sl & ||E| 2' x
| All Folders Contents of 'RC-Spreadshests’
g2 Fatl [F) =] | Hame | Size | Type | Modiied =
) Fat2 (G (3 Admin File Folder 11/26/99 €
22 Login on GeneralSys' (H:] (3 ByDthers File Folder 1142699 &
-5 Atovey on ‘GeneralvippliciUsers' (1) (3 UserGuid File Folder 11/26/99 £
g Ree_2000 (k) SRCCT1 Element D..  198KE  Microsoft Excel\wWor..  11/26/99 7
g E"“m BIRCCI2Bendinga.  130KE  Microsoft Excelwor.,  11/26/99 1
B = ﬁHEE'I 3 Funching ... 296KB  Microsoft Excel Wor..  11/26/931
' EHEE‘I 4 Crack wid... 7PRB  Microsoft Excelwor.. 11/26/931
ﬁ RCC21 Subframe .. VEEKE  Microsoft Excel Wor..  11/26/931
E RCCH Ore-way sl BRIKE  Microzaft Excel War..  11/26/391
BRCC32Ribbed Sla..  767KE  Microsoft Excel'wor..  11/26/99 1
(13 Anchars ﬂ RCC33Flat Slabs [ 1.077KE  Microsoft Ercel'wor.. 11/26/331
(23 Sandwich ﬁ RCC41 Cortiruow..  1.030KE  Microsoft Excelwor..  11/26/331
23 Studrail ﬁ RCC42 Post tensio..  1.661KE  Microszoft Excel Wor..  11/26/391
{11 CBuck E RCCH1 Colurn Lo... A11EE  Microgoft ExcelwWor..  11/26/33 1
{1 Techno ﬁ RCCS2 Colurin Ch.. J5KE  Microsoft Excel Wor..  11/26/931
-] UserGuid EHEEES Colurmn De...  1.580KE  Microzoft Excelwor..  11/26/331
-2 Programs on 'General' [F] F|RCCET Basement .. 400KE  Microsoft Excel'wior..  11/26/99 2
52 Applic on ‘General' (L] @ RCCE2 Retairing ... 368KE  Microsoft Excelwor..  11/26/99
52 Programs on ‘General (] BRCCT StairFlight..  152KB  Microsoft Excel'wor..  11/26/99 2
-5 Spe on General 1] SIRCC72Stairs b La..  434KB  Microsoft ExcelWor.,  11/26/39 1
D"g ?‘S o ge“el'a' z B|RCCH Foundatio.. 441K Microsoft Excel\wor.,.  11/26499 ¢
o= P”.”:'” ane BIRCCH Oreway 5. 156KE  Microsoft ExcelWor..  11/26/99
o Netw!?ker‘[lsei borhood S |RCCI2Ribbed Sla..  207KE  Microsoft Excel\wor..  11/26/99
3 § Recpcle Bing ﬁHEESB Flat Slabz [... 564KE  Microsoft Excel Wor..  11/26/93 ¢
5] My Brisfcase — ﬂ FRCC34 Twa-way ... 138KB  Microsoft Excel Wor,, 11 .n’2l3a"99b Kl
|23 objectis] |14.8ME [Disk free space: O bytes) 4




Printreg.xls
This spreadsheet is included to provide:

¢ A means for finding set-up / printing discrepancies
between computers

¢ Aninitial check on users’ set-ups
¢ A print-out for registration

A copy is shown on page 155. Its use should be self
explanatory.

Readme.doc & Readme.txt

SUPPORTING FOLDERS

Studrail

This program designs Studrail reinforcement for punching
shear around a column or pile and prints out the full design
calculation and drawings.

To load the program to your hard disk, use the setup file
Byothers/Brd/ Studrail/ Setup.exe —a folder will be created in
the directory of your choice. To run the program use
Windows Explorer and successively double click Studrail/
Studrail.exe or select the icon “Studrail” in the program menu.

CBuck

Essential for initial users of the spreadsheets in both Word
and text formats.

ByOthers

The BCA and RCC disclaim any responsibility for programs
by others. These programs and files are provided to help
dissemination. They are subject to the authors’ conditions
of use.

BRC

This suite of programs is provided by BRC - Concrete
Connections, for use in the design of their proprietary lifting
anchors, anchors for sandwich panels and Studrail (a
punching shear system ). The anchor and sandwich panel
software was authored by DEHA Ankersysteme, Germany.
The Studrail files are joint BRUDEHA Ankersysteme software.
The programs are provided as freeware (i.e. free software).
For further information please contact: BRC - Concrete
Connections, Mansfield, Tel: 01623 440472, Fax: 01623 559758,
email: GaryNice@concrete-connections.co.uk. www.brc-
uk.co.uk

Anchors

The program DHT-2E suggests positions and types of anchors
for lifting various precast concrete products - slabs, walls,
pipes etc. With a graphical interface and output the program
should prove easy to use. Some text is in German.

To load the program to your hard disk, use the setup file/
Byothers/ Brc/ Anchors/ Setup.exe. Files will be saved under
a folder deha/ on your hard disk drive. To run the program
use Windows Explorer and successively double click deha/
dht20e/ DHT-2E.

Sandwich

This program indicates the anchor positions needed to
support the outer facing layer of a concrete sandwich wall
panel and designs the fixing anchors to suit. The graphical
program outputs design calculations and drawings showing
the type and position of the fixings required. Start by using
Defaults and work through Facing layer to Design.

To run the program direct from the CD-ROM run Byothers/
Brc/ Anchors/ Dehas-e or copy the folder to the hard disk.

This folder contains Barsched.xlt, a spreadsheet template
for the scheduling of steel for the reinforcement of concrete
to BS 4466: 1989 and Amendment No 1. The aim of the
spreadsheet is to reduce the time taken to produce a bar
schedule, eliminate arithmetical errors, reduce scheduling
errors, increase compliance with the BSI specified format
for bar scheduling and perhaps become the basis for
electronic data interchange. The spreadsheet presents a
familiar interface to the user who has produced schedules
by hand and it is simple to use. It will guide the user through
the scheduling process while checking the input is in
accordance with British Standard requirements.

A complementary template, Shape99.xlt is also provided.

These templates are made available as shareware (see page 13)
by their author. For further information, including
registration details, corporate customisation etc., e-mail:
bar.schedule@newscientist.net. A support web site is
available at http://users.newscientist.net/bar.schedule/.

Techno

Pile Loads991112-.xIt is a spreadsheet template to determine
distribution of load in piles beneath rigid rafts or pile caps.
Loads induced in n-piles beneath m-sided polygon subjected
to moments Mxx, Myy and p-number of vertical loads can
be calculated.

Co-ordinates from an origin at a convenient point describe
the position of each pile node and load. Using the specified
thickness and density of the raft or pile cap, the self-weight
of the m-sided polygon is calculated by the template itself
and included in the analysis.

In order to use this template (see Excel documentation),
please copy the file to:

C:\Program Files\ Microsoft Office\ Template

To use the program, start Excel 97 and choose:
File/ New and Select PileLoads991112-.xlt

With care, the file may also be used as if it were a normal
Xls file.




SUPPORTING FOLDERS

The spreadsheet includes three examples having 2, 3 and 4
plies. To add a node, load or pile, click the apprpriate Add
button at the top of the sheet. To delete a node, load or
pile, position the cursor in any cell in its row and then click
the appropriate Delete button. To include additional pile
caps for analysis, click Add Sheet button at top of the screen.

Shaded cells in the input and output mean that they are
user input and the unshaded cells are spreadsheet results.
For further details refer to Notes! within the spreadsheet.
Pile Loads991112-.xIt is made available as shareware. For
further information, including registration details and
disclaimers, refer to Terms! within the spreadsheet.

UserGuid

UserGuid.doc: ‘Word'’ file of User Guide

This file formed the basis of the printed User Guide. It may
be loaded, read and printed out by using Word 97 or
subsequent releases. While it has been superceded by thr
.pdf file, it is included to provide help to allow parts of the
document to be printed or for use as a basis for comment.

UserGuid.pdf: ‘Adobe Acrobat’ file of the User
Guide

This file presents the User Guide in full colour. Adobe
Acrobat Reader v 3.0 or later will be required to read and
interrogate the .pdf file. Acrobat Reader is available on the
CD-ROM (see above). The file has been included to provide
help and to allow colour printing of parts of the document.
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A [BJc] b E | FT ¢ TH]  1T]JJ[K[IM]I[ NTJToOoTJP] aJR] s [ 1 [ u
1
HENF
z - Dear User, CONCRETE “H ETR
[=2] o i i
4 3 This spreadsheet has been _:m_:@mn for three :.5_.: qmm.mo:w_ : L .\_1 Terme
5 z 1 a means for finding set-up / printing discrepancies
6 7] & 2 an initial check on users' set-ups -
7 W 3 a printout for registration -
n @ -
8 m ® s Please check one of the boxes above and complete the information below by overwriting blue text as far as you are able. Please do not change
9 R, a - anything else. In the case of 1 or 2 above, compare with printed version in accompanying User Guide and in the case of difficulty print and fax a copy.
10 o o In the case of 3, registration, please print out and send this completed form with your remittance.
11| = =
] )
12| £ e many thanks
[
18] m 2
14 ¢ ® C H Goodchild
15 H m 11-Nov-99
6§
17 m -I.. Your name > m mmm In mvﬁm__ default font name i_a.:mam of the font ,,x cell N21 or default (see Tools\ )
[3) o)) Options \General) if different please. Font name and size
18| o £ Company N G Neer & Partners eg Arial (From left hand side of Formatting toolbar)
19 m ® In Excel, default font size
20|, 2 S Address Address 1 eg 12
2118 o o Address 2 Fonts
2|8 8 o & Town Is this Arial? Arial Check in font box in Formatting Toolbar (View /Toolbars
= o Q &) . [Formatting). If not load these fonts into your font directory|
23 © = c w County Is this Tekton? Tekton (Usuly Ci¥indows\Fonts)
24|l¢ 0 T o3 (If not UK, Country &) Postcode Is this Tekton italic? Tekton
30 [\
5|9 g o Is this Marker? Marker
26 M 2 3 = Phone eg 01344 762676 Excel release
27 ..v.A. .M Mw % Fax eg 01344 761214 8.0e 8.0a If <8.0a users may experience difficulties
28] § o m E-mail eg ngneer@home.co.uk Operating System
29 z o Windows (32-bit) NT 4.00 Windows (32-bit) 4.00
30 o m Nature of business eg Consulting Engineers Recalculation mode If not automatic see Tools\ Options\
31 N, M No of employees eg 12 Automatic Automatic Calculation
32 [} [7)
33 & M Your computer eg Dell Optiplex GXi Test
34 m 0 m. Monitor eg Samsung 17GL > mmm WO A\m .V®HN
35| & < 0 Printer eg HP Laserjet Il
If registering, remittance Make cheques payable to 'BCA’ . Send together with a copy of this printout to
enclosed. eg £58.75 RCC, Telford Avenue, Crowthorne, Berkshire, RG45 6YS
m (=£50.00 + VAT) Registration includes acceptance of the ‘Conditions of Use’ as defined in the User Guide Spreadsheets for concrete
36| 2 £ o design to BS 8110 and EC2
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SYMBOLS

Please note that definitions relating to retaining and
basement walls and many of those relating to post-tensioned
design are contained within the relevant spreadsheets.

Abbre-

viation  Unit Explanation

(BorS) Beam or slab (re PT)

(LR B) Stressing ends left, right and bottom
(re PT)

(B, V) Prestressing system bonded or
unbonded (re PT)

~ Not applicable/ no result

~~~ OF No input required

u Coefficient of friction

A mm?2  Area of concrete section

N mm  Distance from point considered to

nearest longitudinal bar (Crack widths:
usually from surface half way etween
bars to bar)

A, mm?2  Area of prestressing strand/tendon

A, mm?2  Area of (tension) steel

A, mm?2  Area of compression steel

A mm?2  Minimum area of steel required

Ao mm?  Area of steel provided

A, mm?  Area of steel required

A, mm?2  Area of shear reinforcement

b mm  Width, effective width, breadth (in
RCC51.xls both or two-way spanning)

b, mm  Breadth of flange

B, Btm Bottom

b, mm  Breadth of effective moment strip

b, mm  Breadth of section

b, mm  Average web width of a flanged

beam

char Characteristic (load)

d Centreline (of support)

co mm  Cover (crack widths)

Comp Compression

d mm  Effective depth

d' mm  Depth to compression reinforcement

d. mm  Depth of compression zone (column
design)

Def Deflection

Dia Diameter

E/O Extra over

E N/mm?2  Modulus of elasticity of concrete (at

28

28 days)

E. N/mm?

(d]

E N/mm?

e mm

em‘m mm
kN

f, N/mm?

f, N/mm?

f, N/mm?

FEM

f, N/mm?2

f, N/mm?

f, N/mm?2

fy N/mm?

T N/mm?

G, kN

9, kN

h,H mm

h. mm

h, mm

h, mm

K

K

K

L m, mm

d

I, m, mm

L, m, mm

| m, mm

y

MOR  kNm

M(e) all kNm

Modulus of elasticity of concrete at
initial stressing (re PT)

Modulus of elasticity of prestressing
strand/tendon (re PT)

Eccentricity
Minimum eccentricity

total design ultimate load on the full
width of panel

Characteristic concrete strength at
initial stressing (re PT)

Characteristic concrete cylinder
strength (EC2)

Characteristic concrete strength
Fixed end moment

(Estimated in-) service stress of
reinforcement in a section

(In-) service stress of reinforcement in
a section: compression

(In-) service stress of reinforcement in
a section: tension

Characteristic steel strength (bending
reinforcement)

Characteristic steel strength (link
reinforcement)

Characteristic dead load
Characteristic dead load per unit area
Height

Effective diameter of column (design
of flat slabs)

Thickness of flange
Height of flange

M/bd?*f | - used to determine whether
compression reinforcement is required
or not

Wobble factor (re PT)

Factor determining whether
compression reinforcement is required

Span
Span:depth
Length along x axis, length of shorter

side (two-way slab panel or flat slab
panel)

Span in x direction

Length along y axis, length of longer
side (two-way slab panel or flat slab
panel)

Moment of resistance
Elastic moment all spans loaded




SYMBOLS

M(r) kNm
even

Moment, kNm
M

M,  kNm
M.,  kNm
M., kNm
M, kNm
m, kNm/m
M, kNm
M, kNm

N kN

n kN/m2
n. a.

n/a

No

f mm
ola

Perim

PL

PT

Q, kN

q, kN

R

RH %
Rel% %

s mm
SLS

5, mm

T

Tens

ubL

uLs

ult

uno

v kN

v N/mm?
v, N/mm?
A N/mm?
v kN

Redistributed moment even
spans loaded

Design ultimate moment at a section

Additional design ultimate moment
induced by deflection of column

Moment due to axial load acting at
minimum eccentricity

Moment of resistance
Service moment (crack widths)

Maximum design ultimate moments in
span or at support in strips of unit
width and length | . Likewise m,,

Design moment transferred between
slab and column

Design moment about x - x axis
Design ultimate axial load

Total design ultimate load per unit area
Neutral axis

Not applicable

Number

Bar diameter, maximum bar diameter
Overall

Perimeter

Point load

Post tensioned (concrete)
Characteristic imposed load

Characteristic imposed load per unit area

Grade 250 reinforcement, mild steel
Relative Humidity (re PT)
Relaxation (re PT)

Spacing (of links or bars)
Serviceability limit state
Spacing of links

Top, Grade 460 reinforcement
Tension

Uniformly distributed load
Ultimate limit state

Ultimate

Unless noted otherwise
Design ultimate shear force
Shear stress at a section
(Allowable) design shear stress

(Allowable) design shear stress
corrected for axial load (e.g. column
design)

Design effective shear including
allowance for moment transfer (flat
slabs, punching shear)

Ve kN
VRd1 kN
Vv, kN
N kNm/m
A kN
w mm
WIC ratio
W, kN
w, kN
mm
xory
YN
mm
a
bb
e
9n
9.
9n
r
S, N/mm?
. N/mm?
" N/mm?
s, N/mm?
ty N/mm?
YZ
z %
m

Maximum design shear force without
reinforcement (EC2)

Maximum design shear force with
reinforcement (EC2)

Design shear (EC2)

Maximum design shear in strips of
unit width and length Ix

Design ultimate shear transferred to
column (flat slabs, punching shear)

Crack width

Water:cement ratio (re PT)
Characteristic wind load
Characteristic wind load per unit area
Depth to neutral axis

Spanning parallel to x ory

Yes/ no

Lever arm

Modular ratio (usually E/E,
approximately 15)

Redistribution factor - the ratio:
(moment at a section after
redistribution / moment at the section
before redistribution)

Strain
Average strain (crack widths)

Partial safety factor for strength of
material: concrete

Partial safety factor for strength of
material. (See relevant Code)

Partial safety factor for strength of
material: steel

Proportion of steel reinforcement

Allowable compressive (long term)
stress in concrete (re PT)

Allowable compressive stress in
concrete at initial stressing (re PT)
Allowable tensile stress in concrete at
initial stressing: (re PT)

Allowable (long term) tensile stress in
concrete (re PT)

Basic shear strength (EC2)
Quasi-permanent load factor applied

to imposed loads in calculations of
deflection (EC2)

Damping, (usually 2% to 8%) (re PT)
Coefficient of friction

Limiting value of applied moment
ratio for singly reinforced sections
(ENV EC2)
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