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Introduction

Introduction

Software Products Covered

This manual covers application-specific modelling and results facilities for LUSAS
Bridge and LUSAS Civil & Structural software products.

Menu entries for these application products are inserted onto the main menu based
upon the software key you have installed on your system or, if you are using LUSAS
Academic software, by the selection of a software product during the set-up procedure.
Occasionally some facilities for LUSAS Bridge and LUSAS Civil & Structural
software products may also appear on the general Modeller menu.

This manual describes the options available for the following menu items:

U Bridge menu
4 Civil menu

More detailed on-line help information on each of the application specific features
described can be accessed from the Help button on the relevant dialog.

The Bridge Menu

The Bridge menu item will appear between the Utilities and Window menu items. It
provides access to the following bridge-specific facilities:

U Grillage Wizard - Enables orthogonal, skewed and curved grillages to be
generated from user-defined data.

U Precast Section - Produces 2D cross-sectional models of country-specific
precast concrete beams with or without a top slab.

U Box Section - Calculate general box section properties from user defined
dimensional data.

U Bridge Loading - Gravity, Surface loading, and Static vehicle loads

U Moving Load - Used to track the path of a static vehicle load (or a set of
vehicles) across a structure

U Vehicle Load Optimisation - Identifies the most onerous vehicle loading
patterns on bridges for a chosen design code.

U Construction Tables - Camber, Displacement History, and Incremental
Displacement tables of results for selected locations (points) on the model.

1
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O Cable Tuning Analysis - Calculate load factors for selected lines in a model
that represent cables in order to achieve defined target values set for various
components or features

O Prestress Wizard - Single and multiple tendon prestress options calculate
equivalent nodal loading due to tendon prestressing or post tensioning

O Rail Track Analysis UIC 774-3 Enables track/structure interaction analysis to
the International Union of Railways Code UIC774-3.

U Load Combinations - Pre-defined load combinations for selected design codes

U RC Slab Design - Enables the reinforcement required in slabs and walls to be
computed in accordance with chosen design codes

U Steel and Composite Deck Designer (PontiEC4) - Export force and moment
data from Modeller for selected sections, for use in design code checking by
PontiEC4 software.

U Crack Widths to EN1992-1-1 - Enables plotting of contours of design crack
widths in accordance with the EN 1992-1-1 design code.

O Construction Table - Used to produce Camber, Displacement History, and
Incremental Displacement tables of results for selected locations (points) on the
model, and for any specified results loadcases.

ELUSAS Academic (Bridge Plus) - [LUSAS Yiew: bridge_menu.mdl Window 1]

B¢ File Edt Wiew Geometry Attributes Analyses Utiities | Bridge window Help
b | = B X |9~~~ |& Grillage Wizard...

T

Precast Section. ..
i | I & @ Is,//& I =] | Box Section...
= =3 bridge_menu,mdl
Ea Structural analyses )
5= Analysis 1 Moving Load. ..
Q L:Loadcase 1
o W Model properties

| .ul

Bridge Loading 4

Wehicle Load Optimisation. ..

>+

Cable Tuning Analysis., ..

Prestress Wizard L4
Rail Track Analysis UIC774-3 L4
Load Combinations 4

R Slab Design,..

Composite Deck Designer L4
Crack Widths to EN1992-1-1...

Canstruction Table, ..

[l &
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The Civil Menu

The Civil menu item will appear between the Utilities and Window menu items. menu

items.

a

a

It provides access to the following civil / structural specific facilities:

Precast Section - Produces 2D cross-sectional models of country-specific
precast concrete beams with or without a top slab.

Box Section - Calculate general box section properties from user defined
dimensional data.

Gravity Adds a body force loading attribute corresponding to gravity to the
Attributes &b Treeview.

Cable Tuning Analysis - Calculate load factors for selected lines in a model
that represent cables in order to achieve defined target values set for various
components or features

Prestress Wizard - Single and multiple tendon prestress options calculate
equivalent nodal loading due to tendon prestressing or post tensioning

RC Slab Design - Enables the reinforcement required in slabs and walls to be
computed in accordance with chosen design codes

Crack Widths to EN1992-1-1 - Enables plotting of contours of design crack
widths in accordance with the EN 1992-1-1 design code.

Construction Table - Used to produce Camber, Displacement History, and
Incremental Displacement tables of results for selected locations (points) on the
model, and for any specified results loadcases

ELUSAS Academic (Civil & Structural Plus) - [LUSAS ¥Yiew: civil_menu.mdl Window 1]
% File Edit ‘iew Geometry Attributes  Analyses  Ukiities | Ciwil  Window  Help
g [ e | = B X | -2~ | & Precast Sectian. .

Box Section...

@ | I& @ |‘5.%E1| I@ I Gravity

i
] —

k

= 3 civil_menu.mdl
E-23 Structural analyses
L - Analysis 1
LB 1iloadease 1
%y Model properties R Slab Design...

Yehicle Load Optimisation..

> &

Cable Tuning Analysis...

Prestress Wizard 4

Construckion Table...

e
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Availability of Bridge or Civil menu items according to
software product.

Menu item Bridge BridgeBridge Civil  Civil Civil
LT Plus LT Plus

Grillage Wizard v v v

Precast Section v v v v

Box Section v v v v

Gravity v v v

Bridge Loading (inc gravity, and vehicle v v v

loads)

Moving Load v v v

Vehicle Load Optimisation v v

Construction Table v v

Cable Tuning Analysis v v v v

Prestress Wizard v v v v

Rail Track Analysis UIC 773-3 v

Pre-defined Load Combinations v v

RC Slab Design v v v v

Steel and Composite Deck Designer (Ponti - v v

EC4)

Crack Width Calculation to EN1992-1-1 . v v v v

Construction Table - v v v v

Note

e Vehicle Load Optimisation, Rail Track Analysis UIC 773-3 and the Steel and
Composite Deck Designer are software options and can only be accessed if the
license key in use supports them.




Grillage Wizard

Grillage Wizard

Overview

The grillage wizard comprises a series of dialogs and enables orthogonal, skewed and
curved grillages to be generated from user-defined data.

When creating a grillage model some basic guidelines should be considered:-

o Grillage wizard models are created with one line mesh division for each grillage
element. Additional line mesh attributes can be created and assigned to the
model should this ever prove to be required.

o Longitudinal grillage members should be placed along lines of design strength.
For a slab model this could be where there was a concentration of
reinforcement in the slab itself. For a composite bridge this could be at the
location of a steel girder / prestress beam.

e The aspect ratio between the length of the transverse and longitudinal members
should be set so that a good static distribution of loading is achieved. An aspect
ratio of 1 to 1 is normally used but an aspect ratio of up to 1 to 3 is acceptable.

o Whenever possible it is recommended that a grillage model should have
supports located at the intersection of longitudinal and traverse members.

e The grillage wizard automatically places rigid supports onto the model at
bearing locations. These supports can be overwritten with new attributes of,
say, an elastomeric bearing using a spring support. The supports should be
chosen to as closely represent the actual structure as possible.

o If the results from a coarse grillage are in doubt for any reason a more refined
grillage should be used to check the results.
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Grillage Wizard : Step 1 - Grillage Type

Wwelcome to the grillage wizard,

Do pou require the grillage to represent a slab deck or a spaced beam and slab deck.

% Slab deck
" Spaced beam and slab deck Lracked Section I'IE.D %

To generate your grillage model, click Hext.

Set defaults | MHext » | Cancel | Help |

o Select the type of grillage model that you require. Both slab deck and spaced
beam with slab deck constructions are supported and cracked section may be
included.

e Spaced beam and slab deck models will automatically have elements defined
for the allocation of cracked properties. By default 15% of the span (over
internal supports) will be assumed to be cracked but this can be modified if
required.

e The wizard accounts for multiple spans and applies support conditions. Groups
are created to enable geometric and material properties to be easily assigned.

Grillage Wizard : Step 2 - Straight or Curved Deck

['o you require a grillage to reprezent a straight or curved deck.

% Siraight " Curved

Skew angle I o0 Radiug of

[degrees] curvatune
+ve skew angle

A A
vl 4

span

< Back | MHext » | Cancel | Help




Grillage Wizard

e Select whether a straight grillage or curved grillage is required. For a straight
grillage a skew angle can be set. For a curved grillage a radius of curvature
needs to be entered.

e For a straight grillage if any angle other than zero is entered, when the Next
button is selected a dialog allowing a skewed or orthogonal transverse beam
arrangement will be shown.

Grillage Wizard : Step 2a - Skewed or Orthogonal Beams

Do you require tranzverse beans represented a3 skewed or orthogonal.
If skew angle >20 degrees then orthagaonal is recommended.

= Skewed & Orthogonal
+ve skew angle +ve skew angle
f/' P A f[ )
il
span fﬁ— span —-,/

< Back Cancel | Help |

e Ifan angle has been entered for a straight grillage the geometry can be formed
from skewed grillage elements or orthogonal grillage elements.

o If the skew angle is above 20 degrees then an orthogonal arrangement is
recommended.
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Grillage Wizard : Step 3 - Longitudinal Beam Detail

Width of grillage

including edge beams

Longitudinal spacing as
231.5:20E7 et

I 10.0

Murber of longitudinal beams [ ¢ ﬂ
I =l

Do pou require longitudinal beams to be evenly spaced or uzer defined.
If uzer defined please enter spacing az a list below.

&' Evenly spaced

" User defined spacing

< Back | Mest > | Cancel | Help

e The width of the grillage and the number of longitudinal beams can be set on

this dialog

e The longitudinal beams can be evenly spaced or a user defined spacing can be
set up allowing if services troughs dictate this is necessary.

Grillage Wizard : Step

4 - Span Details

Grillage Wizard

Murnber of spans

Length of span

MNurnber of internal
trangverse beams

[1 5

Span 1 Span 2 Span 3 Spand Spanh
| 200 | a4 | 10 | 01 | 10,0

| © [Z{IEN =N SN = N =]

Span b Span ¥ Span & Spanid Span 10

Length of span g o |
e NS N = = =
< Back | Firish | Cancel | Help |

e The number of spans, their lengths and the number of transverse elements can

be set on this dialog.

e Clicking the Finish button creates the grillage model of the previously specified

values




Section generators and property calculators

Section
generators and
property
calculators

In addition to the range of generally available standard section property calculators and
the arbitrary section property calculator the following are available from the Bridge (or
Civil) menu:

U Precast Beam Section Generator

U Box Section Property Calculator

Precast Beam Section Generator

The Precast Beam Section Generator is provided in Bridge and Civil & Structural
software products only. It produces 2D cross-sectional models of country-specific
precast concrete beams with a top slab. These models are typically used to calculate
beam section properties for use in grillage and frame models.

Precast concrete beam sections (with a slab) can be defined for the following countries:

U UK beams: Y, YE, TY, TYE, SY, M, UM and U beam types

O US beams: AASHTO Types Il to VI, Florida Bulb T72 and T78 beams, NU
Girders and Texas DoT 'I' Girders, Northeast Bulb 'T*

U Australia and New Zealand beams: Super-T beams T1 to T5 (open and
closed)

d Canada 'l' beams
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Note that these precast beam sections (of beams without a top slab) and other common
shapes are held in the general section library for the countries stated. They can be
accessed using the Attributes > Geometric > Section Library menu item.

Creating and saving a section

The Precast Beam Section Generator is accessed from the Utilities> Section Property
Calculator> Precast Section menu item.

Precast Beam Section Generator

—Precazt beam

Precast section I Y Beams j
Section no. I Y1 j
—Concrete slab
) ' B
[V Symmetric about beam centre line N

D
Depth [D]I Left hand width [BI] I — I
Wwidth [B] I Right hand width [Br] I

] | Cancel Help

Precast beam

O Precast section allows selection of a range of precast beam types.
O Section no allows selection of a particular beam type.

Concrete slab

O Symmetric about beam centre line option, if ticked, creates a slab of a width
that is centred about the beam centre. If unchecked, left and right hand widths
for the slab can be entered.

O Depth and Width of top slab is required.

Once valid dimensions are specified and the OK button is pressed the defined section
is drawn to the screen.

Calculating section properties

The arbitrary section property calculator must be used to calculate a full set of section
properties for the shape and to save the section to a user-defined local or server library.
Use the Utilities> Section Property Calculator> Arbitrary Section menu item to do
this.

10
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Section generators and property calculators

Using a section

To add the generated precast beam and geometry to the Attributes & treeview select
the Attributes> Geometric> Section Library menu item, select User Sections, then
select Local or Server before choosing the section required from the list available. The
geometric properties can then be assigned to the required Line(s) in the model.

Notes:

o Differences in concrete strengths between the beam and the slab are not
considered. However, this can be emulated by altering the width and/or depth of
the slab as required.

e Super-T precast sections are based upon Roads and Traffic Authority of NSW
Drawing Number RTABO033 Issue 8 Jan 2007 entitled: “Standardisation of
Super-T Girder Sections”.

Box Section Property Calculators

The Box Section Property Calculator is provided in Bridge and Civil & Structural
software products only. It is accessed from the Utilities> Section Property Calculator
> Box Section... menu item or from the Bridge menu.

The box section property calculators calculate general section properties from user
defined dimensional data. The section shape can be defined either as a simple box
section or as a complex box section created from as many points as are required to
form a suitable representation of the true cross-sectional shape. A void can be included
or excluded from a section. The sections generated are of a type typically used in
precast and segmentally constructed bridges.

General section properties (area, moments of inertia and torsion constant etc.) of the
section are computed automatically once a valid set of dimensions have been defined,
using model units. Extreme fibre positions for use when plotting stresses on beams are
also calculated. The resulting section can additionally be:

o Visualised to check for correct values being entered and to see the
automatically defined fibre locations

e Converted into model geometry. This would typically be used, for example, if it
was required to modify the generated section in some way inside LUSAS
Modeller before re-calculating the new section properties of the edited section
using the Arbitrary Section Property Calculator.

e Added to a local or server library to enable the section properties to be used on
the current project or on other projects.

11
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Note: The Box Section Property Calculator does not currently calculate the additional
section properties (such as shear centres, warping, radius of gyration, plastic properties
etc.) that are required for use with design calculations. Instead, after defining a section
shape, the Create geometry button should be used to draw the section prior to using
the Arbitrary Section Property Calculator which will calculate the full set of section

properties for the shape.

Simple Box Section

The simple box section calculator creates a box section of the style shown from user-

defined values. No fillets can be specified internally when a void is present.

Box Section Property Calculator [ %]
¥
Type |
& Simple section ™ Exclude void
"~ Complex section
i~ Cell details - Tez Tl Tt vt w
Mumber of cells 2 = ¢ i
N 3
PN x
- Box section dimensions H
Tw |
Ho |2 | l 1
wh | 2 Th |0.2 ‘
yb Th
W | 25 Tt |0.3
w | 0.25 Tor |0.3
Wh
i~ Cantilever slab dimensions
Y Wt
We | z Tl |0.3 ) .
= Extra points [arations i~ Calculated properties —
T2 0.2 4 [+.62408
L |2.3?684
= Mumber of extra points
Tjop) slat ID _Ij Ty |20‘6096
Battor slat IU _I::l Ly |0-U
Gantilever slats ID _Ij J |4.??184
WL TbErTEr fans ID _I: g I PR
& I a3l
SHEf exberion I 0 _Ij o
¥t I 0.707564
Mame Load sectian. .. | Create geomekry. .. | vh I 1.29244
€ add to local library
0 ] e My Wisualise. .. | Clear inputs
[o]'4 I Cancel | Apply | Help |

12
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Section generators and property calculators

Tcl
+

¥t

)

\

W

Simple box section without void

vb

Wh—»

Wit—n

4—I—D|_.1

vt

\

Wi

ol
Guay
L Th yb
Wh —»

—

One cell simple box section

Centre of

next web

1—B—|»1

Tcz2 Tcl Tt ¥t w Tcz Tcl Tt vt w |

1 “1|“T‘_ 1 4 1

i i x
H Tw “’)ﬁ H Tw "’)ﬁ

| 1 1

Wi

vb Th

Wh—»

Wt

Two cell simple box section

Dimensional data:

Wi

¥b Th

Wh

Wt

Multi-cell simple box section

O Cell details Specify the number of cells, and the spacing between centre to
centre distances of webs

O Box section dimensions These specify the overall height and width of the box,
and the thicknesses of top and bottom slabs and side walls.

O Cantilever slab dimensions These specify the width and thickness of the

cantilever.

Saving and using the defined section:
O The Name of the section must be entered.

O Add to local library Adds the calculated values to the local library when the
Apply or OK button is selected.

13
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O Add to server library Adds the calculated values to the server library when the
Apply or OK button is selected.

O Load section... Displays a list of previously created and saved cross-sections
that can be re-selected to populate the fields of the dialog. The list displayed is
for the local or server library that is set.

O Create geometry Creates a 2D LUSAS model from the dimensional data. This
would typically be used, for example, if it was required to modify the generated
section in some way inside LUSAS Modeller before re-calculating the new
section properties of the edited section using the Arbitrary Section Property
Calculator. Additional options are available to position or orientate the section
geometry that is created in a view window. By default a section created has its
centre of gravity set at the view origin, that is 0,0,0.

O Visualise... Shows the cross-section that has been defined by the entered data. It
also shows the fibre locations that are automatically created. Note that the axes
shown on the visualisation are view axes. An additional option to add a picture
of this visualised section to the Annotation layer is provided. Select Create
Annotation to do this.

U Clear inputs Clears any entered or populated data.

O Use the Apply button to save a section to a library and continue to modify
values or define another section using the same dialog. Use the OK button to
save the defined section and close the dialog.

Using a defined simple box section

To use the computed section properties in a model the section must have been saved to
a local or server library.

To add a library item to the Attributes & treeview select the Attributes> Geometric>
Section Library menu item, then select User Sections, then select Local or Server
before choosing the section required from the list available. The geometric properties
can then be assigned to the required Line(s) in the model. If the section shape is
constant over a line feature a direct assignment to a line can be made. If the section
shape varies over a line feature a set of pre-defined box sections can be used with the
Multiple Varying Sections facility to create a multiple varying section line attribute
for assignment to a line or lines on a model.

Complex Box Section

The complex box section calculator creates a box section of the style shown from user-
defined values and as many additional points as are required to form the cross-sectional
shape. A camber in the top slab can be optionally created for one and two celled
sections. Fillets can be specified internally when a void is present.

14
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Section generators and property calculators

T

Tc2

Box Section Property Calculator [ x]
¥
Type | 0—
 simple section ™ Exclude void T T
& Complex section w
i~ Cell details
Number of cells 2 _:I
E I
~Box section dimensions
Ho 25 Hn |
Wb | 2 T | 0.z
Wt | z5 Tt | 0.3
w | 0.25 sy | 0.3
i~ Cantilever slab dimensions W wt
We | E Tei | 0.3 _ . _
i~ Extra points locations i~ Calculated properties —
T2 | 0.2 Point | Offset (0] | Height (H) a |
F1
_ 2 res I
—Mumber of extra poinks
Top slab ] = Iy I
Bottam slab i — Iy |
Cantilever slab il _:I 4 I
‘Wb interior face 0 = ey I
A I
‘web exterior ] _:I =
vk I
Marme Load section. .. | Create geometry. .. | vh I

& add ta local library
" add to server library
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(to centre of

niEt ek

Two cell complex box section Multi-cell complex box section

Dimensional data:

a

a

Cell details Specify the number of cells, and the spacing between centre to
centre distances of webs

Box section dimensions These specify the overall height and width of the box
and the thicknesses of the top and bottom slabs.

Cantilever slab dimensions These specify the width and thickness of the
cantilever.

No of extra points These allow for any number of additional points to be
defined in specified areas of the cross-section in order to accurately represent
the true section shape.When extra points are added, additional dimensional data
must be entered in the Points panel of the dialog.

Saving and using the defined section:

a
a

a

The Name of the section must be entered.

Add to local library Adds the calculated values to the local library when the
Apply or OK button is selected.

Add to server library Adds the calculated values to the server library when the
Apply or OK button is selected.

Load sections... Displays a list of previously created and saved cross-sections
that can be re-selected to populate the fields of the dialog. The list displayed is
for the local or server library that is set.

Create geometry Creates a 2D LUSAS model from the dimensional data. This
would typically be used, for example, if it was required to modify the generated
section in some way inside LUSAS Modeller before re-calculating the new
section properties of the edited section using the Arbitrary Section Property
Calculator. Additional options are available to position or orientate the section
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geometry that is created in a view window. By default a section created has its
centre of gravity set at the view origin, that is 0,0,0.

Q Visualise... Shows the cross-section that has been defined by the entered data. It
also shows the fibre locations that are automatically created. Note that the axes
shown on the visualisation are view axes. An additional option to add a picture
of this visualised section to the Annotation layer is provided. Select Create
Annotation to do this.

Q Clear inputs Clears any entered or populated data.

O Use the Apply button to save a section to a library and continue to modify
values or define another section using the same dialog. Use the OK button to
save the defined section and close the dialog.

Defining a complex box section

The main box cell, section and cantilever setting out dimensions for a complex box
section are shown dimensioned with a height (H), width (W), slab thickness (T) and in
the case of three or more celled sections, a breadth, (B). Slab thickness specifies the
thickness of the slab at the location shown on the section dialog. Note that on multi-
celled box sections, dependent upon the thickness specified, this may represent the
distance from the top of the slab to the bottom of an internal fillet (Tt) or the distance
from the bottom of the slab to the top of an internal fillet (Tb). In addition to these
primary dimensions extra points can be defined to model a particular box section
shape. Some extra points are mandatory as in the case of points P1 and P2. Others such
astl, bl, el, i1, cl etc. are optional.

Notes on defining a complex box section

e Points P1 and P2 define the extent of the interior face of the external web.
These points must be defined in the Extra Points grid in all cases, even when no
fillets are required. Points P1 and P2 will lie at the corners of a void if no fillets
are specified.

e Additional points can be defined to either model a particular cantilever shape, a
side wall shape or to model simple fillets at top or bottom slab locations.
Selecting the location and number of the points required in the No. of extra
points cell will add fields to the Extra Points grid to allow offsets (O) and
heights (H) for these points to be defined. As an example, to define fillets at the
junction of the upper slab and the side and internal walls of a two cell box
section, two internal points in the Top slab drop-down list would need to be
specified (t1 and t2) in addition to specifying a thickness (Tt) from the top of
the slab to the bottom of the fillet. Defining fillets for the lower slab/wall
connections would be similar. See the Complex Box Section Examples for
details.
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To model a curving external box section profile as many points on the web
exterior face and cantilever slab can be defined as necessary to approximate the

actual profile.

A camber in the top slab can be optionally created by entering a value for the
height of the midpoint of the slab (Hm).

Complex Box Section Examples

These examples show which extra points must be specified in addition to all other
dimensions shown on the dialog in order to obtain the section shape shown. A two-cell
box with no camber in the top slab is shown. The definition of extra points for single
and multiple box sections is similar.

Upper slab fillet to internal wall only

'I|'T
b

Tt
|
[ t2 1

Upper slab fillet to all walls in section

oot i T
1 I
1 ! |
12 1 ! 13 tz2 !
Pl ® = Pl ot
- ! — - o !
1
! E
L ! — - i
F2 : !
b7 B v E 0
; !
! I
! Th ! Th
Upper and lower slab fillet to all walls Custom connection to upper slab
Te2 Tet ! Tt T2 T|°1 ! Tt
i —
12 o 1!% a o b 3 42 n I
;i: ol L P1, ° @ g 2 & eacm’ < o :
: el o c” i
ela ! ela o i
P2 o v P2 o o .
b2 bt ! } b2 T }
i 1
! Th T
Use of extra points to define outer wall and cantilever Use of multiple extra points
soffit
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Complex section extra points explained

Extra points Description Mandatory / Optional

P1, P2  Define the extent of the interior face of the Mandatory
outer walls

t1, t2, t3... Define upper slab fillets. Optional

b1, b2, b3... Define lower slab fillets Optional

el, e2, e3... Define the shape of the external face of the Optional
outer walls

i1,i2,i3... Define the shape of the interior face of the Optional
outer walls

cl, c2, c3... Define cantilever soffit shape Optional

Using a defined box complex box section

To use the computed section properties in a model the section must have been saved to
a local or server library.

To add a library item to the Attributes & treeview select the Attributes> Geometric>
Section Library menu item, then select User Sections, then select Local or Server
before choosing the section required from the list available. The geometric properties
can then be assigned to the required Line(s) in the model. If the section shape is
constant over a line feature a direct assignment to a line can be made. If the section
shape varies over a line feature, a set of pre-defined box sections can be used with the
Multiple Varying Sections facility to create a multiple varying section line attribute
for assignment to a line or lines on a model.
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Bridge Loading

Overview
Bridge loading types are accessed from the Bridge > Bridge Loading menu item.

The following bridge loading types and facilities are available:

U Gravity
U Surfacing Loading
U Static Vehicle Loads

Gravity Loading

By selecting the Bridge or Civil> Gravity menu item a body force loading attribute is
added to the Attributes & Treeview.

Gravity loading is defined in accordance with the vertical axis direction that was
specified either initially on the New Model dialog or subsequently on the Vertical Axis
dialog accessed using the Utilities> Vertical Axis menu item.

Gravity loading may also can be defined as a property of an analysis or loadcase, or by
manually specifying a constant body force load.

Surface Loading

Surface loading can be defined by selecting the Bridge > Bridge Loading > Surfacing
menu item.

Surface loading is computed for each lane from the density and thickness of the
surfacing material. The density is defined in t/m*and the dimension of the lane and
thickness of the surfacing are defined in metres. The surface loading is then computed
in the units selected initially on the New Model dialog.
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Surface Loading

— Loading detailz

Densiy ) [24
Thickness [m] IU'I—
Length [m) ann

‘width (i) [35
Skew angle [deq) IDﬂi
Origiry I Centre - |

Cancel | Apply | Help |

To use this loading type:

e Density - specifies the density of the surfacing in t/m"3
e Thickness - specifies the thickness of the surfacing

e Length - specifies the length of the surfacing

e Width - specifies the width of the surfacing

e Skew angle - specifies the skew angle

e Origin - specifies the origin of the surfacing load to be used to position the
loading on the structure.

Static Vehicle Loads

Static vehicle loading types are accessed from the Bridge > Bridge Loading menu
item.

A number of dialogs are available to simplify the input of bridge loading in accordance
with regional codes of practice. These are continually being extended and currently
include:

O Australia
U Canada
O China

U Denmark
U Eurocode
Q Finland
4 India
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Israel

Korea

NATO

New Zealand

Norway

Poland

South Africa

Sweden

United Kingdom Vehicle Loading
United Kingdom Train Loads
United Kingdom Special Vehicle Loads
United States of America

[N Iy Iy Iy oy Ay Iy Ny Dy

Using static vehicle loadings

Vehicle loadings have a loading origin at their centre and, when relevant, have a
direction of travel shown or stated on the dialog from which they are created.

Once a vehicle load type is selected or defined, discrete point and/or patch load

attributes are added to the Attributes & Treeview. For some loading types a compound
discrete loading attribute (which comprises a set of discrete point or patch loads to
define a loading type) may also be created to represent the static vehicle loading. The
required discrete point, patch or compound loading must then be assigned to a point on
a model (which need not form part of the model itself). During assignment a patch
transformation can be used to mirror, rotate or otherwise transform the discrete patch
load that represents the vehicle, to obtain a desired orientation of loading.

Notes

e Vehicle loads are defined in relation to the currently set Vertical axis (as set
using the Utilities > Vertical Axis menu item). The longitudinal direction of the
vehicle definition is assumed to be alomg the x-axis, unless the x axis is vertical
in which case the vehicle load will be defined along the y axis. The vehcile is
assumed to move forwards in the positive direction.

e A moving load generator can be used to track the path of a static vehicle load
(or a compound set of vehicle loads) across a structure. See Moving Loads for
details.

e Asan alternative to using static vehicle loads, vehicle load optimisation
software can be used to automatically identify the most onerous vehicle loading
patterns on bridges for a supported design code and to apply these loading
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patterns to LUSAS models. See Vehicle Load Optimisation Explained for
details.

Australia Vehicle Loading

Australian vehicle loads are defined to the AUSTROADS Bridge Design Code
HB77.2, AS 5100-2: 2004 : Bridge design - Design loads and AS 5100-7: 2004 :
Bridge design - Rating of existing bridges.

See Using static vehicle loadings for general details regarding static vehicle loadings.

Yehicle Loading Australia

—Augtralia Optiong

| Lane load...

Wehicle load...

|
K.nife edge load [KEL load)... |
I
I

AS55100 R ailway load...

Cloze | Help |

Australia Lane Loads

The lane load generator produces a uniform patch load based on nominal lane width,
loaded length and intensity. The lane load intensity is set to a default value but this can
be modified to any value required.

Australia - Lane Load

—Loading data
Length [m)

30

Load per unit area (kM2 | &

Mominal lane width [m])

Skew angle [deg)

J11

Origin Centre

Cancel | Apply | Help |

To use this loading type:

e Specify the loaded length.

e Specify the load per unit area.
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e Specify the nominal lane width.
o Specify the skew angle to apply to the lane loading (clockwise positive).

e Choose the origin about which the load is to be generated.

Australia Knife Edge Loads (KEL) Loads

The KEL load generator produces a knife-edge load based on notional lane width and
intensity. The intensity of the knife-edge load is set to a default value but can be
modified to any value required.

Knife Edge Load [KEL Load]

— Loading details

Notional width m) |357
Skew angle [deq) IUi
Intensity (kM) |1207

|07

Offzet [m)

Drigin I Centre vl
ok | Cancel | Apply | Help |

To use this loading type:

e Specify the notional width.

o Specify the skew angle to apply to the lane loading (clockwise positive).
e Specify the intensity.

o Specify the offset (longitudinal).

e Choose the origin about which the load is to be generated.

Australia Vehicle Load

For the vehicle loads the following truck types can be created: T44, HLP320, HLP400,
W80, A160, M1600 and S1600.

For the truck types T44, HLP320, HLP400, M1600 and S1600 the variable axle
spacing, L, can be set to the required value.

For the truck types M1600 and S1600 the vehicle load and the accompanying patch can
also be created.
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Vehicle Load

— Wehicle details

‘Vehicls type |T44 | length. Liml |3

48 95 9§ 95 95
+ * ¥ * ¥
H————H——H———————— — — H——f@
I o o
= I 1 | I
==} 1 1 1 1 1
= 1 | I | I
| | | | |
H————H——f———————— — — H——@
[ | [ | [
| 27 iz, L3togm o]

Axle loads in kN «=+— Direction of travel

¥ | Generate wekitle lmad Lergtiyaf patetlaad|i] I

= | Generate patoh load

— oo | |

To use this loading type:

e Choose the vehicle type, and if necessary specify a value for the length.

Australia AS5100 Railway Loading

Australia Railway Traffic loading is accessed from the Australia Vehicle Loading
dialog:

Three rail vehicle configurations are supplied to Australia Vehicle Loading in
accordance with AS5100-2 representing vehicle 300LA, 300-A-12 and 300-A-12
(Single Axle). The 300LA vehicle is defined in accordance with the current standard
and is the default. Vehicle 300-A-12 is added for assessment carried out in accordance
with AS5100-7 “Bridge Design — Rating of Existing Structures.”
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AS 5100.2 Railway Traffic

—Desigh Code

Fiail loading type I 30004,

i Train load details

Track gauge. s[m) |1 435

Mumber of axle groupz |2

=l
Wehicle length I‘I 2
| =

Axle loads are in kM i i Direction of travel ——w.

Fxle spacings are in metres !4 Track Gauge

|

o
=

2%}
=
=
N
=

3%}
=
=
2%}
o
=

300 43300 4

){SDD'
A
oo OO0 O

i i i i
171720
Repeats as L—’l"’l‘—’l'—J

HECESSAN 12-20 12-20 ‘ 12-20 ‘ 1220 |

i H

4% ¥
Yr¥r ¥ Y ¥
O OO

ak I Cancel | Apply | Help |

U Rail loading type Loading type 300LA is defined in accordance with AS5100-2
and is the default choice. Loading type 300-A-12 is for assessment carried out
in accordance with AS5100-7 “Bridge Design — Rating of Existing Structures.”
Loading type 300-A-12 (Single Axle) provides a pair of loads equal to half the
stated axle load.

O Track gauge Set to 1.435m, but can be user-defined.
O Vehicle length (for loading type 300LA only). Set to 12 by default.
O Number of axle groups Set to 3 by default

Canada Vehicle Loading

Canadian vehicle loads are defined to the Canadian Highway Bridge Design Code
(CHBDC.)

See Using static vehicle loadings for general details regarding static vehicle loadings.

¥ehicle Loading Canada

Canada Optionz

Lane load... |

Wehicle load... |

Close Help |
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Canada Lane Loads

The lane load generator produces a uniform patch load based on the nominal lane
width, loaded length and intensity. The lane load intensity is set to a default value but
this can be modified to any value required.

Canada - Lane Load

—Loading data
Length [m)

20

Load per unit area (kMNA2) |3

Mominal lane width [m]

Skew anale [deg)

J11

Origin Centre -

Cancel | Apply | Help |

To use this loading type:

e Specify the loaded length.

e Specify the load per unit area.

e Specify the nominal lane width.

e Specify the skew angle to apply to the lane loading (clockwise positive).

e Choose the origin about which the load is to be generated.

Canada Vehicle Load

For the vehicle loads the following types can be created: CL1-625, CL2-625, CL3-625,
CL1-8--, CL2-800, CL3-800 and CHBDC Maintenance. The load intensity maybe
reduced to 80% for use with lane loading and the Ontario variations are provided.

The vehicle loads represent the CL-W truck. Two vehicle weights are available: 625
and 800. Three variations of each vehicle weight can be selected, namely, CL1, CL2
and CL3, representing five, four and three axles of the CL-W truck respectively. The
load intensity of each vehicle may be reduced to 50% for use with lane loading and the
Ontario variations of CL-625 truck are provided. The maintenance vehicle is defined in
fig 3.4 of the design code is also available.




Bridge Loading

Yehicle Load
[ Wehicle details
Grade of automohile lnad I EL1-623 Truck j
150 175 125125 50
¥ ¥ + ¥ +
_E ________ E ________ E_ﬁ___?_
| | Pl EI
| | o | &
| | o =
1 1 [ |
B A— B -
| B.6m | B.Em |32].2.6m
s T St ¥
Axle loads in kM Direction of trawvel —ewe
Cancel | Apply | Help |

China Vehicle Loading

Chinese vehicle loads are defined to the JTG D60-2004 General Code for Design of
Highway Bridges and Culverts.

Yehicle Loading China

China Options

Lane laad... |

k.nife edge load [FEL load... |

Yehicle load... |

Cloze | Help |

China Lane Loads

The lane load generator produces a uniform patch load based on notional lane width,
loaded length and grade of automobile loading (Highway I, Highway Il and Highway II
— fourth grade). The intensity of the patch is calculated based on the loaded length
entered with shorter loaded lengths having higher intensity.
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China - Lane Load

—Loading data

Grade of .
automobile laad I Hightsay | j

Length [m] |3D—
Haominal lane width [m) |3—
Skew angle [deg) I il

Origin Im

Cancel | ASpply | Help |

To use this loading type:

e Choose the grade of automobile load.

e Specify the length of loading.

e Specify the nominal lane width.

e Specify the skew angle to apply to the lane loading (clockwise positive).

e Choose the origin about which the load is to be generated.

China Knife Edge Loads (KEL) Loads

The KEL load generator produces a knife-edge load based on notional lane width and
intensity. The intensity of the knife-edge load has a default value set but can be
modified to any value required.

Knife Edge Load [KEL Load)

— Loading details

Motional width [m] I 15
Skew angle [deg) I ]

Intenzity kM) 360
0

Offzet [m) I
Drigin I Centre vl
Ok | Cancel | Apply | Help |

To use this loading type:

e Specify the notional width.
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o Specify the skew angle to apply to the lane loading (clockwise positive).
o Specify the load intensity.
e Specify the offset.

e Choose the origin about which the load is to be generated.

China Vehicle load

The vehicle load generator produces truck loads based on grade of automobile loading
(Highway I, Highway Il and Highway Il — fourth grade).

Vehicle Load
— Wehicle details
Grade of automobilz load I Highway | j
30 120 120 M0 M0
* * ¥ *
B N A B8
{ | P b
o 1 1 1 1 1
= 1 | | I |
| | | | |
H————f——A—————— — — —— HE——H
| | | 1 |
[, 30m [14m| Tl [1:4m |
Axle loads in kM =+— Direction of travel
O Cancel | Apply | Help |

To use this loading type:

e Choose the grade of automobile required.

Denmark Vehicle Loading

Denmark vehicle loads are defined in accordance with the special vehicles defined as
Load Model 3 (LM3) in the Danish National Annex to EN1991-2. This comprises 22
vehicles of fixed axle weight and spacing that are denoted as “Type 1 and a further 8
vehicles that are denoted as “Type 2” for assessment purposes.

See Using static vehicle loadings for general details regarding static vehicle loadings.

¥ehicle Loading Denmark

Dienmark Options

| “ehicles Type 1 Loading... I

Yehicles Type 2 Loading... |

Cloze | Help |
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Denmark Vehicle Type 1 Loading

Vehicle type can be selected from a range that extends from Class 10 to Class 500. A
shock factor can be optionally specified for a particular span length.

—Wehicle Data
Vehicle type [ Class 250 x| Totalweight B = 24525 kN
==— Direction of travel Indicated concentrated loads are axle loads in kM
Axle spacings are inmetres

77 EE4E Jaxlesx 2.7 Taxlesx 21.7
(LSS L] DD oo o0

[ [} [ | |

14l 32 (14 B a4 2 | Bxid

it bt

I 25.2
™ Shock factor

Spar|emngth[m] I
0K I Cancel Apply Help

To use this loading type:

e Choose the vehicle type from the drop down list.

e Specify an optional Shock factor for a specified span length.

Denmark Vehicle Type 2 Loading

Vehicle type can be selected from a range that extends from 16 Tonnes to 48 Tonnes,
with the 24 Tonnes and 32 Tonnes options including a two or three-wheeled trailer.
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Yehicles Type 2

—Wehicle D ata

Yehicle type |32 Tonnes, three axle tractar

=] Total weight, [0 313.92 kN

Axle loads arein kM

5
SRc ik
o () (S

1.3

248 |13 245

Axle spacings are in metres

Ok | Cancel |

Apply

| Help I

To use this loading type:

e Choose the vehicle type from the drop down list.

Eurocode Vehicle Loading

Eurocode vehicle loads are defined to EN1991-2:2003 Eurocode 1: Actions on
structures - Part 2: Traffic loads on bridges. Note that any country-specific load models
(incorporated as part of a country's National Annex to EN1991-2:2003) are
documented in the static vehicle load types for that country.

See Using static vehicle loadings for general details regarding static vehicle loadings.

¥Yehicle Loading Eurocode
— Eurocode Optiohs

Load Maodel 1 - Tandeam..

Load Model 1 - Lane load..

Load Model 2...

Load Model 3...

Train Loading. ..

Fatigue Load Models

Annex D Rall Fatigue. ..

Help

Close I
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Eurocode Load Model 1 (LM1) - Tandem

The Load Model 1 (LM1) - Tandem load generator produces a tandem system load
comprising two axles of intensity 300kN, 200kN and 100kN, for use in Lane numbers
1, 2 and 3 as defined by the design code.

Eurocode Load Model 1 - Tandem System

— Wehicle data

Tandem System | Lane number 1 - 300 kN j

%J
! !
—E-————H
| |
| |
| |
—H-————@

]
=

DK Cancel Apol Heln |

To use this loading type:

e Choose the tandem system from the drop down list.

Eurocode Load Model 1 (LM1) - Lane load

The Load Model 1 (LM1) — Lane load generator produces a uniform patch load based
on loaded length and required intensity (9kN/m2 and 2.5kN/m2).

Eurocode Load Model 1 - Lane Load

—Loading data

Length [m]
Skew angle [deg]
Surface Load [kM/mé]

Origin

Ok | Cancel | Apply | Help |

To use this loading type:

e Specify the length of lane load.

e Specify the skew angle to apply to the lane loading (clockwise positive).
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e Choose the surface load.

e Choose the origin about which the load is to be generated about.

Eurocode Load Model 2 (LM2)
The Load Model 2 (LM2) load generator produces a single axle load of 400kN.

Eurocode Load Model 2

—Wehicle data

Axle Load 400kN I
2m

- — -8

ok | Cancel | Apply | Help |

Eurocode Load Model 3 (LM3)

The Load Model 3 (LM3) load generator produces the following special vehicle loads,
as defined in Annex A: 600/150, 900/150, 1200/150, 1200/200, 1500/150, 1200/200,

1800/150, 1800/200, 2400/200, 2400/240, 2400/200/200, 3000/200, 3000/240,
3000/200/200, 3600/200, 3600/240 and 3600/200/200.

Eurocode Load Model 3

— Wehiclz data

Yehicle Type | 00150 j G G

Ok, | Cancel Apply | Help |

To use this loading type:

e Choose the special vehicle from the drop down list.
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Classes of Special Vehicles

Total weight Composition Notation
600 kN 4 axle-lines of 150 kN 600/150
900 kN 6 axle-lines of 150 kN 900/150
1200 kN 8 axle-lines of 150 kN 1200/150
or 6 axle-lines of 200 kN 1200/200
1500kN 10 axle-lines of 150 kN 1500/150
or 7 axle-lines of 200 kN + 1 axle line of 100 kN 1500/200
1800 kN 12 axle-lines of 150 kN 1800/150
or 9 axle-lines of 200 kN 1800/200
2400 kN 12 axle-lines of 200 kN 2400/200
or 10 axle-lines of 240 kN 2400/240
or 6 axle-lines of 200 kN (spacing 12m) + 6 axle-lines of 2400/200/200
200 kN
3000 kN 15 axle-lines of 200 kN 3000/200
or 12 axle-lines of 240 kN + 1 axle-line of 120 kN 3000/240
or 8 axle-lines of 200 kN (spacing 12 m) + 7 axle-lines  3000/200/200
of 200 kN
3600kN 18 axle-lines of 200 kN 3600/200
or 15 axle-lines of 240 kN 3600/240
or 9 axle-lines of 200 kN (spacing 12 m) + 9 axle-lines  3600/200/200

of 200 kN

Eurocode Train Loading

Eurocode train loading is accessed from the Eurocode Vehicle Loading dialog:
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Train Loading

— Train load details

Rail Ioading type I Load Model 71 vI
Track gauge, & [m] = I 14

L1 [m) = | 205
L2 [m] = I 208

All loads are pertrack
i.e. half per rail

2a0KMN

|

250k 250kMN

BOkMim

£

Direction of frawe| —e ,,,;;)*;;;%;,,,

—le—Track Gauge, s

250KM

BOkMim

|

.

L Mo Limitation  |08m]  1.6m

16m 16 [08m| Mo Limitation 5

I Include dynamic Factor

) Standard mainterance

%) Carefull maitainedirack

Limersiat, L (m]/=

[yranmic facton = 1

(L1

T Include alpha factor

Llpta factar to appll) o 10

-

oK | Cancel | Apply |

Help |

O Rail loading type Standard railway loading consists of Load Model 71, and
Load Model SW/0 (for continuous bridges) to represent normal rail traffic on
mainline railways and Load Model SW/2 to represent heavy loads. HSLM-A1
to A10 and HSLM-B loadings are High Speed Load Model (HSLM) to

EN1991-2:2003. Section 6.4.6.

e Load Model 71 represents the static effect of vertical loading due to

normal rail traffic. It consists of four 250kN concentrated loads
preceded, and followed, by a uniformly distributed load of 80KN/m.

Load Model SW/0 represents the static effect of vertical loading due to
normal rail traffic on continuous beams. It consists of two uniformly
distributed loads of 133kN/m, each 15m long and separated by a
distance of 5.3m.

Load Model SW/2 represents the static effect of vertical loading due to

heavy rail traffic. It is similar to SW/0 Loading, however, the uniformly

distributed loads are 150kN/m, each 25m long and separated by a
distance of 7m.

HSLM-A1 to A10 vehicles comprise a series of coaches of varying
length and axle weights pulled by a standard power car. This load type
is only applicable when carrying out a dynamic analysis.
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e HSLM-B loading varies depending on the supplied span length and is
applicable for simply supported short spans of less than 7m. This load
type is only applicable when carrying out a dynamic analysis.

O Track gauge must be entered in metres and has to be 1.4m or greater.

U L1 and L2 are entered as appropriate for the load model chosen, as indicated on
the dialog diagram. All dimensions are in metres.

U Dynamic factor The dynamic factor is applicable to Load Models 71, SW/0 and
SW/2 and allows for impact, oscillation and other dynamic effects including
those caused by track and wheel irregularities. The dynamic factor takes
account of the dynamic magnification of stresses and vibration effects in the
structure but does not take account of resonance effects. The factor used will
vary according to determinant length (L) and whether the track receives
standard maintenance or is carefully maintained. In deriving the dynamic factor,
L is taken as the length (in m) of the influence line for deflection of the element
under consideration. For non-symmetrical influence lines, L is twice the
distance between the point at which the greatest ordinate occurs and the nearest
end point of the influence line. In the case of floor members 3m should be
added to the length of the influence line as an allowance for load distribution
through track

U Alpha factor The characteristic values of Load Model 71 and SW/0 Loading
shall be multiplied by a factor o, on lines carrying rail traffic which is heavier
or lighter than normal rail traffic (Clause 6.4.5). When multiplied by the factor
the loads are called “classified vertical loads” (Clause 6.3.2(3).

Eurocode Fatigue Load Models

Eurocode Fatigue Load Model loading is accessed from the Eurocode Vehicle Loading
dialog:
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EN 1991-2 Fatigue Yehicles E2
—Wehicle Data
Wehicle type | Frequent Loy 4 7| Totalweight 0 = 560KN
Axle loads are in kM
an 190 140 140
1 1
e
l “—@UJ
= e
O (LI D O
34 6.0 18
= — e — . —
20 | |
= H B HI
Axle spacings are in metres

(] 4 | Cancel | Apply | Help I

Q Vehicle type Highway fatigue vehicles for Fatigue Load Models 2, 3 and 4 in
accordance with section 4.6 of EN1991-2.

e Frequent Lorry (1 to 5) Set of "frequent lorries" for Fatigue Load
Model 2.

e LM3 Single vehicle Four axle loading in accordance with Fatigue Load
Model 3.

e Standard Lorry (1 to 5) Set of "standard lorries” for Fatigue Load
Model 4.

Eurocode Annex D Rail Fatigue Vehicles

Eurocode Rail Fatigue Vehicle loading is accessed from the Eurocode Vehicle Loading
dialog:
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Wehicle Data
Yehicle type IT_I,Jpe 1 Locometive-hauled pazzenger bain j
Details: Q=EE30KMN W=200kmh L=262.10m g=25.3kMN/m

Track gauge, = [m) II 435
Diynamic enhancement
[eterminant [emath o] I
Fermitted speed|(mdz] I

QK I Cancel | Apply | Help |

U Vehicle type Rail fatigue vehicles in accordance with EN1991-2 Annex D. The
rail fatigue vehicles comprise twelve different train type and loading
arrangements.

Livranmic factan =

e Type (1-12) Set of twelve rail fatigue vehicles.
e Track gauge Set to 1.435m but can be user-defined.

e Dynamic enhancement Applies a dynamic factor to the static vehicle
description. The dynamic factor is calculated from the determinant
length and permitted speed in accordance with Annex D.1.

Finland Vehicle Loading

Finland vehicle loads are defined to the Finnish loading design code TIEL 2172072-99
and the National Annex EN1991-2

See Using static vehicle loadings for general details regarding static vehicle loadings.

Wehicle Loading - Finland

— Finland Optionz

Load twpe 1 and 4...

Load twpe 2 and ...

Heawy vehicle twpe 1 and 2.

I
I
Load twpe 3 and B... |
I
|

Lane loading...

Cloze | Help |
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Finland Load Types 1 and 4

The load generator for load types 1 and 4 produces vehicle loads based on the selection
of Type 1 or 4. The variable axle spacings can be set to the required distance.

Finland Load Type 1 and 4

—ehicle data

Axle zpacing, L1 [m) I 25
‘H——H————@-

Aule zpacing, L2 [m) I 50 2mI : f !
|

1Ly

! I

| |
Wehicle wpe Type1-210kH |+ -E};——EF____EF_
22.5m 260

-

)4 | Cancel Apply | Help |

To use this loading type:
o Specify the axle spacings for L1 and L2. Note that L1 has to be greater than
2.5m and L2 greater than 6m.

e Choose the vehicle type from the drop down list.

Finland Load Types 2 and 5
The load generator for load types 2 and 5 produces vehicle loads based on the selection
of Type 2 or 5.

Finland Load Type 2 and 5

—Wehicle data

Wehicle wpe I Tope 2 - 260 kN 'I

gl

H-———@

Ok, | Caticel Apply Help |

To use this loading type:
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e Choose the vehicle type from the drop down list.

Finland Load Types 3 and 6

The load generator for load types 3 and 6 produces vehicle loads based on the selection
of Type 3 or 6.

Finland Load Type 3 and 6
—Wehicle data

wiheel type I Type 3-130kN vl

Ok, | Cancel Apply Help |

To use this loading type:

e Choose the vehicle type from the drop down list.

Finland Heavy Vehicle Types 1 and 2

The load generator for heavy vehicle types 1 and 2 produces vehicle loads based on the
selection of Type 1 or 2. The variable axle spacings can be set to the required distance.

Finland Heavy ¥ehicle Type 1 and 2
—Wehicle data

Zule Spacing, L1 [m) 1.2
| B—a————a——a
Ale Spacing, L2 [m) I 2.0 2rn I : :
Ly i Ly 1Ly i
Axle Spacing, L3 [m) I 1.2 T T
‘ehicle twpe I Type 1 - 300 kN vl

212 280m 212m

 —

Ok | Cancel | Apply | Help |

To use this loading type:
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o Specify the axle spacings for L1, L2 and L3. Note that L1 and L3 must be
greater than 1.2m, and L2 greater than 8m.

e Choose the vehicle type from the drop down list.

Finland Lane Loads

The lane load generator produces a uniform patch load based on loaded length and
intensity. The intensity of the lane load is taken from Class 1 or Class Il of Load

Model 1. The lane width is 3m.

Finland Lane Load

—Loading dat

Length [m)
Skew angle [deq)
Surface Load [kM/mé)

Origin

Centre

—
-
E—
[ o

-

Ok | Cancel |

Apply | Help |

To use this loading type:

o Specify the length of lane load that you require to generate about the centre line

of patch.

o Specify the skew angle to applied to the lane loading (clockwise positive).

e Choose the surface load intensity from the drop down list.

e Choose the origin that the load will be generated about.

EN 1991-2-Finland LM3

Special vehicle loading as defined as Load Model 3 (LM3) in the Finnish National
Annex to EN1991-2. The loading comprises two patch loads separated by a stated

distance (Clause 4.3.4).
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EN 1991-2 - Finland LM3

HL
— = L
F=0.4+ 20 m
| Iim B 7
45 kNImzl 45 kitim 2!
‘umm ‘ U15m ‘ 0-10m ‘
L ik it c M
Patch length [4] | i)
Central spacing (B] Imﬂ— {rri]
Paichlength(C)  [100 [

QK I Cancel | Apply |

Help

To use this loading type:

e Specify the patch length and central spacing.

India Vehicle Loading

Indian vehicle loads are defined to IRC:6-2000 Section: Il Loads and Stresses.

See Using static vehicle loadings for general details regarding static vehicle loadings.

Vehicle Loading India

India Ophons

Lane load... |

Tracked load ... |

Yehicle load... |

Cloze | Help |

India Lane Load

The Lane load generator produces a uniform patch load based on loaded length and
notional lane width. The option to include crowd load can be added to the loading.
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India - Lane Load

—Loading data
I Use crowd load

Length [ri) IBD—
Mominal lane width [m] |37
Skew angle [deq) ID—
Origin Im

Cancel | Apply | Help |

To use this loading type:

e Choose Use crowd load if applicable.

o Specify the length of lane load.

e Specify the nominal lane width in metres

o Specify the skew angle to apply to the lane loading (clockwise positive).

e Choose the origin about which the load is to be generated.

India Tracked Load
The tracked load generator produces the following tracked vehicle loads: AA, 5R, 9R,
12R, 18R, 24R, 30R, 40R, 50R, 60R and 70R.

Tracked Load

— Wehicle details
Tracked vehicle class I Ay j

Total load = 70 tonnes

Width between tracks, W = 1025 mm

Length of track. L = 3600 mm

Ok | Cancel | Apply | Help |

To use this loading type:

e Choose the tracked vehicle class.
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India Vehicle Load

The India load generator produces the following vehicle loads: 3, 5R, 9R, 12R, 18R,
24R, 30R, 40R, 50R, 60R, 70R A, B and AA. Each of these vehicles can have many
different configurations by setting the number of axles and wheels.

Vehicle Load

— Yehicle details

Wheeled vehicle classl 7OR v| Mumber of arles I 7 vl Humber of wheels an axlel 22 vl

Bt Q- I T O 1 oot | b 1l
r L L2 r L J L] * I I I I
SN AN SN AR S —s
98 U 1A2m | 203m 13frm 308 13T T
=+— Direction of fravel
&ll dimenszions are in mm L =2730
and tannes unless & =450 B=1480

otherwize stated

T re— Apply Help |

To use this loading type:

e Choose the wheeled vehicle class.
e Choose the number of axles.

e Choose the number of wheels on the axle.

Israel Vehicle Loading
Israel vehicle loads are defined to the Israeli loading design code.

See Using static vehicle loadings for general details regarding static vehicle loadings.

Yehicle Loading Israel

—lzrael Options

Lane load [HA load)...

Knife edae load [KEL load)...

Abnormal load [HE wehicle]..

abrormal load HE wehiclel...

Claze Help |

46



Bridge Loading

Israel Lane Load (HA Loads)

The HA load generator produces a uniform patch load based on notional lane width and
loaded length. The intensity of the patch is calculated based on the loaded length
entered with shorter loaded lengths having higher intensity

Lane Load [HA Load)

— Loading details

Loaded length () I 30

Mational width [m] 15

Skew angle [deg) 0

i

Drigin Centre

Ok | Cancel | Apply | Help |

To use this loading type:

o Specify the loaded length.
e Specify the notional width.
o Specify the skew angle to apply to the lane loading (clockwise positive).

e Choose the origin about which the load is to be generated.

Israel Knife Edge Load (KEL Loads)

The KEL load generator produces a knife-edge load based on notional lane width and
intensity. The intensity of the knife-edge load has a default value set but this can be
modified to any value required.

Knife Edge Load (KEL Load)

— Loading detailz

Mational width [m) |357
Skew angle [deg] Iﬂi
Intenzity (kM) |'|2D—
Offset ] [0
Origin Im

Ok, | Cancel | Apply | Help |
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To use this loading type:

e Specify the notional width.

e Specify the skew angle to apply to the lane loading (clockwise positive).
e Specify the intensity

e Specify the offset.

e Choose the origin about which the load is to be generated.

Israel Abnormal Load Generator (HB Vehicle)

The HB load generator produces a HB vehicle by setting the inner axle spacing (8m,
13m, 18m, & 23m).

Abnormal Load [HB ¥ehicle]

— Yehicle details

|
-B---B-———-@---@-
il 1 |
-B---B-———-@---@-
. 35m|im] | i | |
Inrer axle zpacing [m] I 8 vl H--f-——— —@---[@-
T | i i i
. -

15m| 81318.23m [15m
Ok | Cancel Apply | Help |

To use this loading type:
e Choose the inner axle spacing.

Israel Abnormal Load Generator (HC Vehicle)
The HC load generator produces a HC vehicle.
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Abnormal Load [HC Yehicle)

— Wehicle details

S

Frant bo axles = 250kN Tm Ela Ela Ela Bla
Rear two axles = 500kM 35m(im| | ! ! !
-B---B-————-H---#-

m 1 [

BB ——E-- -

| | |
15m 13m 15m

ak | Cancel | Apply | Help |

Korea Vehicle Loading
Korean vehicle loads are defined to the Korean loading code.

See Using static vehicle loadings for general details regarding static vehicle loadings.

VYehicle Loading - Korea

— Korea Ophiong

DB load...

DLW load...

DL Prn load...

DL Ps load...

Help |

Korean DB Vehicle Load
The DB vehicle load generator can produce vehicle loads types DB24, DB18 and
DB13.5 including the variable axle spacing which can be set between 4.2m and 9m.

For all the loads types the additional impact factor can be added to the loads based on
loaded length.
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Korean DB VYehicle Load

— Wehicle data

Yehicle load I DR 24 v|

f

Ayle Spacing, ¥ (m) I 47
Co—0-
4.2m W
Korea vehicle load DE 24 T T v
tatal weight 42.2 [tonf] b, E?ﬁ E:ilﬁ
(=1 i

— Impact factor
™ Include impact factor Length for computing impact factor [m)

LI

Cancel ASpply Help

To use this loading type:

Choose which vehicle you require to generate as a vehicle load.
Specify the variable axle spacing that you require for the vehicle.

Choose whether you want to generate a vehicle to represent a forward
movement, reverse movement or both directions (Forward is in the negative X
direction with the cab at the front).

If an impact factor is to be considered, select the check box and enter a length
for computing the impact factor in the current length units. The impact
allowance is a maximum of 30 % making the impact factor a maximum of 1.3.
Assuming the model length units to be metres the impact factor is calculated
from the equation below.

I=15/(40+L)
where L=length for computing the impact factor in metres

This equation will automatically be adjusted to take in to account other model
units if used. For example if the model length units are feet the impact factor is
calculated from the equation below.

1=(15*3.28)/((40*3.28)+L)

where L=length for computing the impact factor in feet
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Korea Lane Load (DL W)

The lane load generator can produce a uniform patch load based on load types DB24,
DB18 and DB13.5 and loaded length. For all the loads types the additional impact
factor can be added to the loads based on loaded length.

Lane Load (Korean DL W)

— Loading data

Yehicle load m
Loaded lzngth ISU—
Skew angle [deg) Ini
Origiry Im

F.orean vehicle load DL 24 total equivalent weight 1.27 [tank/m]

— Impact factor

[~ Include impact factor Length for computing impact factor [m) I

DK Cancel gl Help |

To use this loading type:

Choose which vehicle you require to generate as a vehicle load.

Specify the length of lane load that you require to generate.

Specify the skew angle to apply to the lane loading. (clockwise positive)
Choose the origin for which the load is to be generated about.

If an impact factor is to be considered, select the check box and enter a length
for computing the impact factor in the current length units. The impact
allowance is a maximum of 30 % making the impact factor a maximum of 1.3.
Assuming the model length units to be metres the impact factor is calculated
from the equation below.

I=15/(40+L)
where L=length for computing the impact factor in metres

This equation will automatically be adjusted to take in to account other model
units if used. For example if the model length units are feet the impact factor is
calculated from the equation below.
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1=(15*3.28)/((40*3.28)+L)

where L=length for computing the impact factor in feet

Korea Knife Edge Load (DL Pm)

The knife edge load (Korean DL Pm) generator can produce a line load based on the
following load types DB24, DB18 and DB13.5. For all the loads types the additional
impact factor can be added to the loads based on loaded length.

Knife Edge Load [Korean DL Pm)

— Loading data

Wehicle load I DL 24 vI
Skew angle [deg) I i
Origin I Centre VI

Karea wehicle load DL Pm DL 24 total equivalent weight 10.8 [tanf]

— Impact factor

™ Include impact factar Length for computing impact factar [m] I

Cancel Apply Help |

To use this loading type:

e Choose which vehicle you require to generate as a vehicle load.
e Specify the skew angle to applied to the lane loading (clockwise positive).
e Choose the origin for which the load is to be generated about.

o If an impact factor is to be considered, select the check box and enter a length
for computing the impact factor in the current length units. The impact
allowance is a maximum of 30 % making the impact factor a maximum of 1.3.
Assuming the model length units to be metres the impact factor is calculated
from the equation below.

1=15/(40+L)

where L=length for computing the impact factor in metres
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This equation will automatically be adjusted to take in to account other model
units if used. For example if the model length units are feet the impact factor is
calculated from the equation below.

I=(15*3.28)/((40*3.28)+L)
where L=length for computing the impact factor in feet

Korea Knife Edge Load (DL Ps)

The knife edge load (Korean DL Ps) generator can produce a line load based on the
following load types DB24, DB18 and DB13.5. For all the loads types the additional
impact factor can be added to the loads based on loaded length.

Knife Edge Load [Korean DL Ps)

— Loading data

Yehicle load I DL 24 vl
Skew angle [deg) I i
Origirn I Centre vl

Forea wehicle load DL P= DL 24 tatal equivalent weight 156 [tonf]

— Impact factor

™ Include impact factor Length far computing impact factar [m) I

e e pa—y Help |

To use this loading type:

e Choose which vehicle you require to generate as a vehicle load.
o Specify the skew angle to applied to the lane loading (clockwise positive).
e Choose the origin for which the load is to be generated about.

e If an impact factor is to be considered select the check box and enter a length
for computing the impact factor in the current length units. The impact
allowance is a maximum of 30 % making the impact factor a maximum of 1.3.
Assuming the model length units to be metres the impact factor is calculated
from the equation below.

1=15/(40+L)
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where L=length for computing the impact factor in metres

This equation will automatically be adjusted to take in to account other model
units if used. For example if the model length units are feet the impact factor is
calculated from the equation below.

I=(15*3.28)/((40*3.28)+L)

where L=length for computing the impact factor in feet

NATO Vehicle Loading

This comprises NATO vehicle loads as defined in annex A of STANAG 2021. Sixteen
Military Load Classification (MLC) vehicle classes, each comprising a “Tracked” and
corresponding “Wheeled” vehicle are listed , making thirty-two vehicles in total.

See Using static vehicle loadings for general details regarding static vehicle loadings.

¥ehicle Loading NATD E

MATO Options

[ MLCwheeled Vehices... |

MLE Tracked Vehicles.. |

Cloze | Help |

NATO MLC Wheeled Vehicles
A range of wheeled vehicles for classes MLC-4 to MLC-150 are supplied.

NATO MLC Wheeled Yehicles

—Wehicle Data

Vehicle type IMLC-'I an 'l Total weight, @ = 1023480 KN

Axle oads are in kM

133 2.58
,@ 2f? 25? 118 118 I—l
Soa gy

o () oY m—m

366 168 .25 1.52 3.48

HAxle spacings are in metres

0K | Cancel | Apply | Help I

To use this loading type:

54



Bridge Loading

e Choose the vehicle type from the drop down list.

e Adiscrete point load attribute is generated in the Attributes & Treeview with a
point load at each wheel position. This discrete load should be assigned to a
point on a model.

NATO MLC Tracked Vehicles
A range of tracked vehicles for classes MLC-4 to MLC-150 are supplied.

NATO Tracked MLC Yehicles E
—Wehicle Data
Vehiole type |MLC-100 =| Totalweight 0 = 589,950 KN
a0.72 Tonnes 0.94
5.49 3.96

Dimensions are in metres

(] | Cancel | Apply | Help I

To use this loading type:

e Choose the vehicle type from the drop down list.

e A compound discrete load attribute is generated in the Attributes & Treeview.
The compound attribute combines two patch loads and should be assigned to a
point on the model.

e Adiscrete patch load attribute is generated in the Attributes & Treeview for
each track, with each load being used in a Compound discrete load attribute that
should be assigned to a point on a model.

Notes that military vehicles defined in Swedish code VVPubl. 2009:61 are identical to
the vehicles defined here.

New Zealand Vehicle Loading
New Zealand vehicle loads are defined to the New Zealand loading code.

See Using static vehicle loadings for general details regarding static vehicle loadings.
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Vehicle Loading New Zealand

Mew Zealand Options

Late load... |

K.nife edge load [KEL load]... |

Wehicle load... |

Cloge | Help |

New Zealand Lane Loads

The lane load generator produces a uniform patch load based on notional lane width,
loaded length and intensity. The intensity of the lane load has a default value set but
can be modified to any value required.

Mew Zealand - Lane Load

—Loading data
Length [na)

el

Load per unit area [kM/m™2]

l—
Maminal lane width [m] I
l—

Skew angle [deg)

Origin I Centre |
Cancel | Apply | Help |

To use this loading type:

e Specify the loaded length.

e Specify the load per unit area.

e Specify the notional lane width.

e Specify the skew angle to apply to the lane loading (clockwise positive).

e Choose the origin about which the load is to be generated.

New Zealand Knife Edge Loads (KEL) Loads

The KEL load generator produces a knife-edge load based on notional lane width and
intensity. The intensity of the knife-edge load has a default value set but can be
modified to any value required.
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Knife Edge Load [KEL Load)

— Loading detailz

Mational width [m)

Skew angle [deg)

e

Intensity [kM] I 120
Qffget [m) ID
Drigin I Centre - I
Ok, | Caneel | Apply | Help |

To use this loading type:

e Specify the notional width.

o Specify the skew angle to apply to the lane loading (clockwise positive).

e Specify the intensity.

e Specify the offset.

e Choose the origin about which the load is to be generated.

New Zealand Vehicle Load
The following truck types can be created: HN (normal) and HO (overload).

Vehicle Load
— Wehicle details
Yehicle upe | AN (Mol j length. L () | i
Arri
Sk (20N {Ey120kN
I =1
2 AkMirn® JDEm
N 5
RN N
R S
le L |
k. | Cancel | Apply | Help

To use this loading type:
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Choose the vehicle type required, and specify the length if applicable.

Norway Vehicle Loading
Norway vehicle loads are defined to the Norwegian loading design code.

See Using static vehicle loadings for general details regarding static vehicle loadings.

Yehicle Loading - Horway

Manway Options

Load wpe Y1 & fatigue vehicle. . | Load twpe w3, G3 and F3... |
Load twpe W2 and F2... | Load twpe G2... |
Load twpe F1... | Late loading... |

Help |

Norway Load Type V1 & Fatigue Vehicle

The load type V1 & Fatigue Vehicle generator produces vehicle loads based on the

selection of type V1 & Fatigue Vehicle. The variable axle spacings can be set to the
required distance.

Morway Load Type ¥1 & Fatigue Yehicle

—ehicle data

Axle spacing, L1 [m] I 25
-B——A————m&-
Axle spacing, L2 [m] I 5D 2mI i : ]
| I
B
| |

|
: Ly L, |
Wehicle type I Type 1-Z10kN j — ____Elg_
22 5im 2B.0m

‘—

Ok | Cancel Apply | Help |

To use this loading type:

Choose the axle spacings for L1 and L2 that you require for the vehicle. Note

that L1 has to be greater than 2.5m and L2 greater than 6m. The vehicle will be
generated about the second axle’s centre point.

e Choose the vehicle type from the drop down list.
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Norway Load Types V2 and F2
The load types V2 and F2 generator produce vehicle loads based on the selection of
type V2 or F2.

MNorway Load Type ¥2 and F2

—Vehicle data
2 mI

Wehicle tpe | Type W2 - 260 kN -[
oK | Cancel Apply Help |

To use this loading type:

e Choose the vehicle type from the drop down list. The vehicle will be generated
about the axle’s centre point.

Norway Load Types F1
The load type F1 generator produces a vehicle load based on the selection of type F1.

Morway Load Type F1

— Wehicle data
Ale & = BOKM (2% 30kN Wheel] adla A AxeB AdeC AdeD
“H——H——BH——@-
Ale B = 108kN (22 52.5kM Wheel) 5 I : : I
m
Aule T =128kN (21 B2.5kM 'wheel) I I I I
B

Ale O = B0kM (24 40kM 'Wheel)
—0m J12m L 3 85m

——

Ok | Cancel | Apply | Help |

Norway Load Types V3, G3 and F3
The load types V3, G3 and F3 generator produces vehicle loads based on the selection
of type V3, G3 and F3.
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Morway Load Type ¥3. G3 and F3

—\ehicle data

"wheel lyps [ Typevs-1a0k +|

oK | Cancel Apply Help |

To use this loading type:

e Choose the vehicle type from the drop down list.

Norway Load Types G2
The load type G2 generator produces a vehicle load based on the selection of type G2.

Morway Load Type G2

— Yehicle data
Asle & = 30kM [2x 15N Wwheel) ale e i
e B = BOKM [24 30kN Wwheel] FE=——F
18m| | ]
B ———
| |
30m
-

ak. Cancel Apply Help |

Norway Lane Load

The lane load generator produces a uniform patch load based on loaded length and
intensity. The intensity of the lane load has a default value set but can be modified to
any value required.
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Momway Lane Load

—Loading dat

Length [m] I?ﬂi
Skew angle [deg) ID—
Surface Laad (kN/m?] |3—L,
Origin Im

Ok | Cancel | Apply |

Help |

To use this loading type:

o Specify the length of lane load that you require to generate about the centre line

of patch.

o Specify the skew angle to applied to the lane loading (clockwise positive).

e Specify the Surface load intensity from the drop down list.

e Choose the origin that the load will be generated about.

Poland Vehicle Loading

Poland vehicle loads are defined to the Polish loading code.

See Using static vehicle loadings for general details regarding static vehicle loadings.

Yehicle Loading Poland

Poland Ophions
’7 Vehicle load...

Close |

Help

Poland Vehicle Loads

The Poland vehicle load generator produces the following grades of automobile loads:

o K-Classtypes Ato E
e S-Class 123, 4 and 5
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VYehicle Load
| Wehicle details
Grade of automobile load I KLlass4 j
200 200 200 200
¥ + + ¥
-H--B--8--H-—
I R
R T R
-
1.2 (1.2 [12
Ale loads in kM Direction of trawve] ——ee
Cancel | Apply | Help

To use this loading type:

e Select a vehicle load type and press the OK or Apply button to add that loading
to the Attributes &b Treeview.

Poland Military Vehicles

Military vehicles for Poland are not currently supplied but note that NATO military
vehicles (which differ slightly from the Poland vehicles) are supplied. See NATO
Vehicle Loading for details.

South Africa Vehicle Loading

South Africa vehicle loads are defined to the TMH7 Code of Practice for the Design of
Bridges and Culverts in South Africa 1981 with 1988 revisions.

Vehicle loads can be created for normal vehicle loading (NA), single abnormal vehicle
loading (NB) and multi-wheeled trailer combination or multi-wheeled self-propelled
vehicle loading (NC) loads with reference to TMH7 parts 1 and 2.

See Using static vehicle loadings for general details regarding static vehicle loadings.

¥ehicle Loading R5A

—RSA Dptions

& load...

MB wehicle load...

|
M axle load... |
|
|

ME wehicle load,..

Cloze | Help |
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South Africa Lane Loads (NA Load)

For normal vehicle loading the lane load generator produces a uniform patch load
based on a nominal lane width and loaded length. A skew angle can be defined and if
done, should be defined clockwise positive.The intensity of loading is in accordance
with the loading curve for NA loading as defined in the code.

MA Load

—Loading data

Length [m) n
Mominal lane width [m)

Skew angle [deg)

J11

Drigin Certre

Cancel | Apply | Help |

To use this loading type:

o Specify the loaded length.
e Specify the nominal lane width.
o Specify the skew angle to apply to the lane loading (clockwise positive).

e Choose the origin about which the load is to be generated.

South Africa Vehicle Load (NA Axle)

For NA axle loads a nominal axle load at a specified width can be defined. Two point
loads are generated of an intensity computed in Kn from the formula (Axle load)/\/n kN
where n is the loading sequence number. For multiple applications of an axle load
across more than one lane the loading sequence identifier should be incremented each
time in accordance with the code. Setting an offset will position the loading away from
an origin point that itself can be defined in one of three positions.
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NA Axle Load

— Loading detailz

Wit I 1.9 Axle load FR
¥
Axle load (kM) I 144 g
width| |
Loading zequence - n I 1 BIEI
Offzet [m] I ]
Drigin I Centre j

Ok, | Cancel | Apply | Help |

To use this loading type:

e Specify the width between wheels.
e Specify the axle load.

¢ Increment the loading sequence if loading is to be added to a different lane to
any previously defined loading.

e Enter an offset (if any) and choose the origin about which the load is to be
generated.

South Africa Vehicle Load (NB load)

NB loading is a notional load representing a single abnormal vehicle. For this loading
pre-defined axle spacings and a choice of units of HB are available. The dialog allows
selection of axle widths of 6, 11, 16, 21 or 26m and generates 24 or 36 units of NB
loading where 1 unit is equal to 2.5kN per wheel.
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NB Vehicle Load
—Loading details
Axle width I 3 ,I UnitsofNBI I ,l
F F =2400r 320 F F
L ¥ ¥
BB B---f
im - - - .
5 — -1l
B 51
LI TR A
2m |, 168, 21 or 26m |, 2m
Ale loads in kN
oK | Cancel | Anphy | Help |

To use this loading type:

e Choose a longitudinal length between internal axles

e Choose the appropriate units of HB

South Africa Vehicle Load (NC load)

NC loading represents a multi-wheeled trailer combination (or self-propelled multi-
wheeled vehicles) with controlled hydraulic suspension and steering intended to
transport very heavy indivisible payloads. These loads are represented by a grid of
point loads with a load intensity of 30kN/m?. The dimensions a, b and ¢ should be
selected between the limits shown to have the most severe effect.
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NC ¥ehicle Load
—Loading details
Dimenszion a I 5 I
3

Dimenszion b I vI
Dimenszion c I 0 vI

5 —h=3 40ram
30 kMim

Y | e

T S T
V8,10, 15 or 20m ] 8,10, 15 or 20

0,5,10,15, 20,0 25m

ok | Cancel | Apply Help

To create this loading type:
e Specify the extent of the loading by defining dimensions a, b and c.

For this loading a number of discrete load attributes will be created that are used to
define a compound load. It is the compound load that should be assigned to the model.

Sweden Vehicle Loading
Swedish vehicle loads are defined to Swedish bridge BRO Classification loads.

See Using static vehicle loadings for general details regarding static vehicle loadings.

Yehicle Loading - 5weden

— Sweden Options

Wehicle & load... Heawy vehicle loading...

Sinale wheel load... Fatique vehicle loading...

Special wehicle loading... Clazsification Vehicle...

Lane loading... Train Loading...

Wehicle B load..

s Help |
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Sweden BRO Vehicle Load A

The load type A generator produces a vehicle load based on axle weight (250kN or
170kN). The variable axle spacings can be set to the required distance.

BRO Yehicle Load "A"

—Vehicle data

Ale spacing, L1 (m] | 15

Axle spacing, L2 (m) I 6.0 -
2m

Axle Load 280 kM b

ok |

Cancel Apply |

To use this loading type:

Specify the front axle spacing that you require for the vehicle.

Specify the back axle spacing that you require for the vehicle.

Choose which intensity of axle load you wish to generate.

Sweden BRO Single Wheel Load

The load single wheel generator produces a point load of 155kN.

BRO Single Wheel Load

—Vehicle data
Axle Load I 155 kN v|
!
oK Cancel Apply Help |
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Sweden BRO Special Vehicle Loading

The special vehicle load generator produces a vehicle load based on axle weight
(250kN or 170kN). The load represents two vehicles each with three axles, separated
by a distance L3.

BRO Special ¥ehicle loading

— Yehicle data

Ale spacing. L1 [m) I 15

Axle zpacing. L2 [m] IBD— 'B,E_B,E___EF_ _Bﬁ_—_aﬁ_aﬁ'
: 2ml o4 L

Anle Load IEOKM - By S N
| | | | | |

VehicIeSpacing,LS[m]I 44 L1| L2 L3 L2 |Li1

Cancel | Apply | Help |

To use this loading type:

o Specify the front axle spacing that you require for the vehicle.
e Specify the back axle spacing that you require for the vehicle.
e Choose which intensity of axle load you wish to generate.

e Specify the distance between the vehicles.

Sweden BRO Lane Load

The lane load generator produces a uniform patch load based on loaded length and
intensity.

BRO Lane Load

—Loading data

Length [m] I?!U—
Skew angle [deq) I 0
Surface Load [kM/nf) I Fl v|

Drigin Centre -

Ok Cancel | Apply | Help |

68



Bridge Loading

To use this loading type:

e Specify the length of lane load.
o Specify the skew angle to apply to the lane loading. (clockwise positive)

e Choose which intensity of load you wish to generate.

e Choose the origin for the about which the load is to be positioned.

Sweden BRO Vehicle Load B
The load type B generator produces a single axle load of weight 310kN or 210kN.

BRO V¥ehicle Load "B"

—Wehicle data
2mI

Aule Load I 20 kN vI

H-———H

oK | Cancel Apply Help |

To use this loading type:

e Choose which intensity of load you wish to generate.

Sweden BRO Heavy Vehicle Load
The heavy vehicle load produces a three axle vehicle with an axle weight of 325kN.
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BROD Heavy Yehicle Loading

—Wehicle data

Axle zpacing, L1 [m) I 15
: B——B————E——H
Axle spacing, L2 [m) I 5.0 I : I I
e N | |
Axle Load A28 kM = Elg__ﬂlg____ala__r:}a
L1 L2 148m
-

ak. | Cancel Apply | Help |

To use this loading type:

e Specify the front axle spacing that you require for the vehicle.
e Specify the back axle spacing that you require for the vehicle.

e Choose which intensity of load you wish to generate.

Sweden BRO Fatigue Vehicle Load

The fatigue load generator produces a vehicle load with four axles. The front two are
150KN, the rear two are 180kN each. The variable axle spacings can be set to the
required distance.

BRO Fatigue ¥ehicle Load

— ehicle data
Arle Spacing, L1 [m) I 1.5
. -B——B————@——H
Aule Spacing, L2 [m) I B0 i : i i
<1 | |
E——B————B——H8
| | | |
L1 L2 2m
‘-

To use this loading type:

e Specify the axle spacing that you require for the vehicle.
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Sweden BRO Classification Vehicles

The classification vehicle generator produces the following vehicle loads: Type a, b, c,
d, e, f, g h,ij Kk, I, m n, military vehicle 45 ton and military vehicle 60 ton. Each of
these vehicles can have many different configurations by setting the number of axle
weights and spacings.

BRO Classification Yehicles

—Wehicle data

Clazsification vehicle:

glki/m)= [5.0 wiml= [23 L1(m= [105
BikN]= [300.0 L2(m)= [50 L3fm)= [105

B=Total bogieweight  Axle spacings are in metres  Direction of travel ——==
1TmE W 23m

Ok I Cancel Apply Help

To use this loading type:

e Choose the classification vehicle required from the list.
e Specify the patch load intensity, Q, in kN/m?

e Specify the bogey weight, B, in kN

o Specify the width of vehicle, W, in metres

o Specify the axle spacings; L1, L2 and L3, in metres

Notes

o Classification vehicles (g) to (1) and Military Vehicle 45 ton and Military
Vehicle 60 ton will consist of several discrete load parts combined into a
compound loading attribute.
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Sweden BRO Train Loading

Train Loading

 Train load details

Rail loading type I [LE j

Track gauge, s [m] = I 14 L1 [m] = I L2 [m] = I

=1 [kN]= I 120.0 0 [kN] - I 300.0
All loads are pertrack i i
i.e. half per rail Direction of trave| —ew=

——J—Track Gauge,s
[k QKR QkM OkM

= || e

L1 Mo Limitation  [08m|  16m 1Bm 1B [D8m| Mo Limitation L5
Cancel | Apply | Help |

To use this loading type:

Select the standard rail loading type from the drop down list.
Enter the track gauge in metres. This has to be 1.4m or greater.

Enter the dimension data required as appropriate for the chosen load to be
generated. All dimensions are in metres and kN.

The trainload will be generated about the loaded area’s centre point.

Load Model HSLM (High Speed Load Model) is only used in dynamic analysis
and comprises of two separate Universal Trains with variable coach lengths,
HSLM-A and HSLM-B.

Limits of validity of Load Model HSLM are given in EN 1991-2 Annex E.

Load Model HSLM is generally used to represent the loading from passenger
trains at speed exceeding 200 km/h (dynamic analysis).

The load HSLM-B should only be applied to simply supported plate bridges
and simply supported beam bridges, or similar, with span lengths below 7m.

Continuous bridges are not applicable for HSLM B.
The definition of L is the span length.
All other dynamic analyses on railway bridges should use the load HSLM-A.
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Rail Loading Type Malm, Malm 2000 and BV 2000

Al loads are per frack 1 z
i.e. half per rail Direclion of trave| —»=
b— ¢ Track Gauge s

Bk BLkM BLEM Ak

mm | | | |

] i i I i I
Mo Lirmitation Bm|  16m 16m 1Bn 08w Mo Limitation L3

Malm, Malm 2000 and BV 2000

Train Load P (kN) Q (KN/m)
Malm 300 110
Malm 2000 350 120
BV 2000 330 120

Rail Loading Type RV-25 / RV-30

All loads are per irack i i
Direction of ravel ===

g, half per rail
b———h—Track Gauge.s
QkM QER
i i i i
| 20 | Bilm | 20 |

RV-25 / RV-30 Point load arrangement

Al Ioads are parfrack ; i
&, half per rall Direction af travel L

b———b—Track za e, 5

P hiIrv

RV-25/ RV-30 UDL arrangement
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Train Load Load
RV25 Point, Q (kN) 250
UDL, P (kN/m) 39
RV-30 Point, Q (kN) 300
UDL,P (KN/m) 46
Rail Loading Type A to BV-4
ALl loads are perirack i 1
e, half perrail Directian af travel ==
I o b———b—Track Gauge. s
&M O&M OKM OkM
| ] | | | |
(RSN A L3 Jtz ot
Train loads A to BV-4 Point load arrangement
ALl loads are per frack i i
e, hall per rail Directian af travel Lt
I o b————h—Track Gavge.s
P kMim
b L1 J
Train loads A to BV-4 arrangement UDL
Train Load Load L1 (m) L2 (m) L3 (m)
A Point, Q (kN) 160 1.50 1.80 5.20
UDL, P (kN/m) 50 12.80
B1 Point, Q (kN) 180 1.50 1.80 7.80
UDL, P (kN/m) 50 14.40
B2 Point, Q (kN) 180 1.50 1.80 4.65
UDL, P (kN/m) 64 11.25
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Train Load Load L1 (m) L2 (m) L3 (m)
Cc2 Point, Q (kN) 200 1.50 1.80 5.90
UDL, P (kN/m) 64 12.50
C3 Point, Q (kN) 200 1.50 1.80 4.50
UDL, P (kN/m) 72 11.10
Cc4 Point, Q (kN) 200 1.50 1.80 3.40
UDL, P (kN/m) 80 10.0
D2 Point, Q (kN) 225 1.50 1.80 7.45
UDL, P (kN/m) 64 14.05
D3 Point, Q (kN) 225 1.50 1.80 5.90
UDL, P (kN/m) 72 12.50
D4 Point, Q (kN) 225 1.50 1.80 4.65
UDL, P (kN/m) 80 11.25
BV-2 Point, Q (kN) 250 1.50 1.80 7.30
UDL, P (kN/m) 72 13.90
BV-3 Point, Q (kN) 250 1.50 1.80 5.90
UDL, P (kN/m) 80 12.50
BV-4 Point, Q (kN) 300 1.50 1.80 5.40
UDL, P (kN/m) 100 12.0
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Rail Loading Type HSLM-A (A1 to A10)

All loads are per track 1 i
i.e. half per rail Direction of trave| ——»

It—[d—Track Gauge,s
—D

R RS

e U—Hd

Train loads HSLM-A (Al to A10)

e el

Number of Coach length Bogie axle Point force P
Universal intermediate D spacing d (kN)
Train coaches (N) (m) (m)
Al 18 18 2.0 170
A2 17 19 35 200
A3 16 20 2.0 18
A4 15 21 3.0 190
A5 14 22 2.0 170
A6 13 23 2.0 180
A7 13 24 2.0 190
A8 12 25 25 190
A9 11 26 2.0 210
Al0 11 27 2.0 210

Rail Loading Type HSLM-B

All loads are per frack 1 z
i.e. half per rail Direction of travel ——e
b—— e Track Gauge,s

< MocTTOKN 2

Train load HSLM-B
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BRO Vehicle HSLM-B

hFanlal )
f‘” Vi e

e
4
-

Wased
|

-
L

7 g

1 2 3 4 | {mj 5 6 T

| =#=—Biogic sxle spacing, d ===Humber of intermediat= coaches, N

Sweden Military Vehicles

Vehicles defined in VV 2009-61 MB802 Barighetsutredning Av Byggnadsver
(Swedish design code) are seen to be identical to the vehicles defined in STANAG
2012 Annex A. See NATO Vehicle Loading for details.

United Kingdom Vehicle Loading

The United Kingdom vehicle loads are defined to the UK bridge codes BS5400,
BD37/88, BD37/01, BD21/97, BD21/01 and EN1991-2 National Annex 2.16

See Using static vehicle loadings for general details regarding static vehicle loadings.

¥ehicle Loading UK

— United Kingdom options

[ LaneladHaload). | Abnomal indivisible load..

Krife edge load [KEL load). Train Loading...

Ahbnormal load [HE vehicle). | SW Loading...

EM1931-2 UK NA216 - LM3 Special Vehicles...

Cloze Help |

United Kingdom HA Loads

The HA load generator produces a uniform patch load based on notional lane width and
loaded length. The intensity of the patch is calculated based on the loaded length
entered with shorter loaded lengths having higher intensity. The exact intensity will
depend on the code being used.
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For the assessment codes BD21/97and BD21/01 an additional reduction factor can be
included. This is based on the assessment live load being used and the road category

type.

Lane Load [HA Load)

— Loading detailz

Loading code Im
Loaded length [m) I?,U—
Neoralwidnml  [35
Skew angle [deg] IU—
Origin Im

ol | Sssessment Beduction Factar

rssessmentlieload I A iarties v| = elide adiustment Facton &F = 100

Finad categony pe I He s Tirattic Pocn Surtace [HE] j Freduetion faston k= 1.0

ak. | Cancel | Apply | Help |

To use this loading type:

Notes

Choose the loading code to be used

Specify the loaded length..

Specify the notional width of lane load..

Specify the skew angle to apply to the lane loading (clockwise positive).

Choose the origin about which the load is to be generated.

If an assessment code (BD21/97 or BD21/01) has been selected from the design
code list the option to apply an assessment reduction factor will be given.
Switching this option off will generate a nominal unfactored assessment load.

e Select the assessment live load vehicle type from the list
e Select the road category type from the list
e Choose whether to include the adjustment factor, AF, in the calculation.

The calculate reduction factor will be displayed. Clicking the Apply button to
generate the loading will also apply the calculated factor. For assessment
loading the loaded length must be between 2m and 50m. For loaded lengths
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outside of this range the user should seek advice from the appropriate design
code.

United Kingdom KEL Loads
The KEL load generator produces a knife-edge load based on notional lane width and

intensity. The intensity of the knife-edge load has a default value set but can be
modified to any value required.

For the assessment codes BD21/97and BD21/01 an additional reduction factor can be
included. This is based on the assessment live load being used and the road category

type.

Knife Edge Load [KEL Load]

— Loading detailz

Mational width [mi |35—
Skew angle [deq) IEI—
Intenzity [kM] 120

Offset fi] |u—
Origin Im

I Assessment Feduction Fachor

Loading|cade I Lo v| Laaded [erath ] I i
Sezessmentive |bad I A iGrmes vl I hclide adivstment faston, 2F = 1.0

Faad categon e I e & Tiratfie: Baen Surace (HE] j Fedustion Fastar, f=.0

Cancel | Apply | Help |

To use this loading type:

o Specify the width of lane load.

o Specify the skew angle to apply to the lane loading (clockwise positive).
o Specify the intensity of load.

o Specify the offset for the load.

e Choose the origin for the about which the load is to be generated.

e The option to apply an assessment reduction factor is given. Switching this
option off will generate a nominal unfactored assessment load.
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e Select the assessment live load vehicle type from the list
e Select the road category type from the list

e Specify the length of carriageway to allow the assessment reduction factor to be
calculated.

e Choose whether to include the adjustment factor, AF, in the calculation.

e The calculate reduction factor will be displayed. Clicking the Apply button to
generate the loading will also apply the calculated factor.

United Kingdom Abnormal Load Generator (HB Vehicle)

The HB load generator produces a HB vehicle by setting the inner axle spacing (6m,
11m, 16m, 21m, & 26m) and the number of HB units required (25-45).

Abnormal Load [HB Vehicle)

— Yehicle details

Inner axle spacing [m) I g vl ‘Im -H
38m|Tm
H

Number of HE urits (25 - 45) |745 L R A
| |
J8m|51116.21.25 m|18m

ak | Cancel Apply | Help |

To use this loading type:

e Choose the inner axle spacing.

e Specify the number of HB units to be considered for the vehicle.

United Kingdom Abnormal Indivisible Loads

The abnormal indivisible load generator produces loads that represent heavy haulage
vehicles. Many different configurations of trailer and tractor units can be created with
user-defined loading intensities.
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Abnormal Indivizible Load

— Trailer details

Trailer

I 127712(F) vl
I 12.930

I 907
Approzimate pagload (kM) I 2990

Inker axle zpacing [m)

Lpproximate tare (kM)

Approximate tare 91 tonnes excluding

Pickfords Trailer Mo TM1277 with 12 axles
Itter arle spacing 12,930 min to 16.713 max.

extensions. Approximate max payload 293
tohnes.
Twio tractars pulling

Tractor 4005 tonnes 10 wheels, lpre centres
fromt 2.153m and outside back 2.632m

— Tractar details

Tractar configurationl T, puling vI

Towbar 1 tractor be trailer (] [ 4 435

Tractor

I Type1 vI

Towbar2 tractor to brailer [m] [ 5 457

— ACE skirt details

ALCE skirt dimensions

I _l ALCE Lift azsistance I 0

oK Cancel | Apply

| Help |

To use this loading type:

Choose which trailer you require to
provided in the right hand panel.

Specify the approximate tare of the

United Kingdom Special V
The UK special vehicle loading dialog allo

generate as a vehicle load. A description is

Specify the inner axle spacing for the trailer.

trailer.

Specify the approximate payload of the trailer.

Choose the tractor arrangement that is required for the vehicle.
Choose the trailer type (a description is given in the panel above)
Choose distance of tow to tractor (one or two)

If a trailer with ACE has been chosen set up the details of the air skirt.

ehicle Loads

ws the creation of SV loading as defined in

BD 86/11 “The Assessment of Highway Bridge and Structures for the Effects of

Special Types General Order (STGO) and

Special Order (SO) Vehicles”.

See Using static vehicle loadings for general details regarding static vehicle loadings.
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SY Loading

— %ehicle details

130 1300 130 130 1300 130

o
I | I
B8 4
I |
| | |
-H--—H——H
| | |

12m [12m | L | [1.2m [].2m

Axle loads in kM Direction of travel —=w

Wehicle Type I SWao j ™ Use Overload Factor, OF I Aled vI
Inner axle zpacing, L (m) I 1.2 vI ™ Use Dynamic Amplifization Factor, DAF

Cancel | Apply | Help |

O Vehicle Type SV loading is defined in accordance to BD86/11 “The
Assessment of Highway Bridge and Structures for the Effects of Special Types
General Order (STGO) and Special Order (SO) Vehicles”. Five load models
can be generated that simulate the vertical effects of different types of STGO
vehicles with basic axle weights not exceeding 16.5 tonnes and military tank
transporter vehicles with basic axle weights of up to 25 tonnes.

268m

—H——

I
I

——8
|

e The SV80 vehicle is intended to model the effects of STGO Category 2
vehicles with a maximum gross vehicle weight of 80 tonnes and a
maximum basic axle load of 12.5 tonnes.

e The SV100 vehicle is intended to model the effects of STGO Category 3
vehicles with a maximum gross vehicle weight of 100 tonnes and a
maximum basic axle load of 16.5 tonnes.

e The SV150 vehicle is intended to model the effects of STGO Category 3
vehicles with a maximum gross vehicle weight of 150 tonnes and a
maximum basic axle load of 16.5 tonnes.

e The SV-Train is intended to model the effects of a single locomotive
pulling a Category 3 trailer.

e The SV-TT is intended to model the effects of a military tank
transporter vehicles with a maximum basic axle load of 25 tonnes.

O Choose the Overload Factor, OF, to model SV vehicles in excess of the gross
weight and axle weights notified by the hauliers to highway authorities. The
Overload Factor shall be taken as 1.2 for the worst critical axle, chosen from the
drop-down list, and 1.1 for all other axles.
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O The Dynamic Amplification Factor, DAF, will factor each axle using the
following equation:
DAF = [1.7 X (basic axle load / 10) ~ -0.15] >= 1.05

United Kingdom EN 1991-2 UK National Annex 2.16
LM3 Special Vehicle Loads

Special vehicle types SV and SOV as defined as Load Model 3 in the UK National
Annex to EN 1991-2:2003.

EN1991-2 UK NA.2.16 - LM3 Special Yehicles E

—Wehicle details

QI B T R T 1 1
L I

¥ ¥
-H——EH——H H——H——H
I R | I B
=
Sle 5 adE o2
= | | | | |
| | | | | |
-H--—E——8 H——H——H8
| | | | | |
12m 1.2 L 1.2 1.2
Aule loads in kM Direction of trave| ——mee

Wehicle type ISWUU 'l ™ Use dynamic amplification factar, [D4F]
Inrer axle spacing L. [m] = |'|.2 'l Imen axle spacing) fen S0 vehicles L (m]/= I‘I.5

Qg I Cancel Apply | Help |

SV Vehicles
O Vehicle Type Three load models can be generated that simulate the vertical
effects of different types of STGO vehicles with basic axle weights not
exceeding 16.5 tonnes:

e The SV80 vehicle is intended to model the effects of STGO Category 2
vehicles with a maximum gross vehicle weight of 80 tonnes and a
maximum basic axle load of 12.5 tonnes.

e The SV100 vehicle is intended to model the effects of STGO Category 3
vehicles with a maximum gross vehicle weight of 100 tonnes and a
maximum basic axle load of 16.5 tonnes.

e The SV196 vehicle is intended to model the effects of a single
locomotive pulling a STGO Category 3 load with a maximum gross
vehicle weight of 150 tonnes and a maximum basic axle load of 16.5
tonnes with the gross weight of the vehicle load train not exceeding 196
tonnes.
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O The Dynamic Amplification Factor, DAF, will factor each axle according to
values set out in Table NA 2 of the UK National Annex to EN 1991-2:2003,

namely:
Basic axle load Dynamic amplification factor
100kN 1.20
130kN 1.16
165kN 112
180kN 1.10
225kN 1.07
O Inner axle spacing can be set to 1.2, 5.0, or 9.0m
EN1991-2 UK NA.2.16 - LM3 Special Yehicles

i ehicle details

«a4— [Direction oftravel  Axle loads are in ki Axle spacings are in metres

100 100

ey 3165 o Baxesxiia Saxlesx 225 MS}HBS
shids s b Ll L
|185 lE'E' arm | 5%1.8m |15-4U| 4% 1.8m | am |185 |§|§|

|

|
|
|

| S |
'ooog
[alaata)
aiazara)
jlaata)
jaiasara)
(B, X
=
[alaata)
oo
oooo
jaiazaa)
O,
r——1
|

|

|

I |
| g e |

Wehicle type ISDV-25D 'l ™ Use dynamic amplification factor, [DAF]
Imen axle epacing L. [m] = |1.2 'l Inner axle spacing for SOV wehiclas L, [m] = |1 Rl

Qk, I Cancel Apply | Help |

SOV Vehicles

U Vehicle Type Four load models can be generated to simulate vertical effects of
Special Order Vehicles (SOV) with trailer weights limited to four different
tonnages:

e The SOV-250 vehicle models a maximum total weight of SO trailer
units up to 250 tonnes.

e The SOV-350 vehicle models a maximum total weight of SO trailer
units up to 350 tonnes

e The SOV-450 vehicle models a maximum total weight of SO trailer
units up to 450 tonnes

e The SOV-600 vehicle models a maximum total weight of SO trailer
units up to 600 tonnes
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O The Dynamic Amplification Factor, DAF, will factor each axle according to

values set out in Table NA 2 of the UK National Annex to EN 1991-2:2003, as
tabulated in the SV vehicles section of this topic.

Q Inner axle spacing fo

r SOV vehicles must be set between 1.5 and 40m..

United Kingdom Train Loading

The train load generator can
Class 67 and Class 91.

produce loading types RU, SW/0, SW/2, RL, RAL, RT,

See Using static vehicle loadings for general details regarding static vehicle loadings.

Train Loading

— Train loading code

I Train load details

I BO37/01 Bridge Dezign whork

=] Railloading type | AL Losded Length > 100m =

Track gauge, = [m] = I 14

L1 [m] = IWUU L2 [m] = I
|—

28kMIm

700

L3 [m] = I L4 [m] =
All loads are pertrack i i
i.e. half per rail Direction of travel ——ese
A00kM —le—Track Gauge, s

: 2@ =

Mo Lirnitation |
L3+ He

LiLS

00 L1

[, Mo Limitation
Mt |4

I Include dynamic factor

Rl dyramiz effects () Bendin

T Include lurching effect

BIL Dpramic factars (%) B allasted ack

amoment £ Shear,

Dimensior, L(mi= [ 105

€ Unbalastedirack  Dpnamie faston= 1

% (156 of brash [sad or (= rail

A4 af the track laad will Be

1 1156 of track [oad o right rai appliedta the Emating i

Cancel |

Ay |

Help |

O Train loading code Defines the design code to be used

O Rail loading type Stand

ard railway loading consists at two types, RU and RL.

RU loading allows for all combinations of vehicles currently running or
projected to run on railways in the Continent of Europe, including the United

Kingdom, and is to be adopted for the design of bridges carrying main line
railways of 1.4m gauge and above.

RL loading is a reduced loading for use only on passenger rapid transit

railway systems on lines where main line locomotives and rolling stock

do not operate. The derivation of standard railway loadings is given in
appendix D of BD37.
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e Nominal type RU loading consists of four 250kN concentrated loads
preceded, and followed, by a uniformly distributed load of 80kN/m.

e Nominal type SW/0 loading consists of a two uniformly distributed
loads of 133kN/m, each 15m long and separated by a distance of 5.3m.

e Nominal type RL loading consists of a single 200kN concentrated load
coupled with a uniformly distributed load of 50kN/m for loaded lengths
up to 100m. For loaded lengths in excess of 100m the distributed
nominal load shall be 50kN/m for the first 100m and shall be reduced to
25kN/m for lengths in excess of 100m. Alternatively, two concentrated
nominal loads, one of 300kN and the other of 150kN, spaced at 2.4m
intervals along the track, shall be used on deck elements where this
gives a more severe condition. These two concentrated loads shall be
deemed to include dynamic effects.

e The standard railway loadings RU and RL as specified in BD37 clause
8.2.1 and 8.2.2 (except the 300kN and 150kN concentrated alternative
RL loading) are equivalent static loadings and shall be multiplied by
appropriate dynamic factors to allow for impact, oscillation and other
dynamic effects including those caused by track and wheel
irregularities.

4 Include dynamic factor In deriving the dynamic factor, L is taken as the length
(in m) of the influence line for deflection of the element under consideration.
For unsymmetrical influence lines, L is twice the distance between the point at
which the greatest ordinate occurs and the nearest end point of the influence
line. In the case of floor members. 3m should be added to the length of the
influence line as an allowance for load distribution through track. The dynamic
factors given below should be adopted, provided that maintenance of track and
rolling stock is kept to a reasonable standard.

Dimension L Bending Moment Shear

up to 3.6m 2.0 1.67
from 3.6m to 67 0.73 + 2.16/(L°° - 0.2) 0.82 + 1.44/(L°®- 0.2)
over 67 1.0 1.0

The dynamic factor for RL loading. when evaluating moments and shears, shall
be taken as 1.20, except for unballasted tracks where, for rail bearers and
single-track cross girders, the dynamic factor shall be increased to 1.40. The
dynamic factor applied to temporary works may be reduced to unity when rail
traffic speeds are limited to not more than 25 km/h.
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a

Notes.

Include lurching effect Lurching results from the temporary transfer of part of
the live loading from one rail to another, the total track load remaining
unaltered. The dynamic factor applied to RU loading will take into account the
effects of lurching, and the load to be considered acting on each rail shall be
half the track load.

The dynamic factor applied to RL loading will not adequately take account of
all lurching effects. To allow for this, 0.56 of the track load shall be considered
acting on one rail concurrently with 0.44 of the track load on the other rail. This
distribution of load need only be taken into account on one track where
members support two tracks. Lurching may be ignored in the case of elements
that support load from more than two tracks.

Train loads will be generated about the centre point.

United States of America Vehicle Loading
USA vehicle loads can be defined for:

Q

D000 DO

Truck loads AASHTO LFD and LFRD loading and other state dependent
design loading such as Oregon LRFR. and West Virginia Department of
Transportation Truck Loading

Tandem loads based on AASHTO LFRD

Uniform loads based on AASHTO LFD and LRFD
Concentrated Pm loads based on AASHTO LFD
Concentrated Ps loads based on AASHTO LFD
Train loading based on AREMA

—United States of Ameriza options ——

Truck load...

Tandem load...

Uniform load...

Concentrated Ps load...

Concentrated Pm load... |

Train loading...
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See Using static vehicle loadings for details regarding defining and assigning static
vehicle loadings.

United States of America Truck Loading
The truck load generator produces vehicle loads based on:

AASHTO LFD and AASHTO LRFD codes and other state dependent codes such as
Oregon LRFR and West Virginia.

AASHTO LFD Truck Loading

For the AASHTO LFD code the following truck types can be created: H15, H20,
HS15, HS20 and HS25. For the HS15, HS20 and HS25 the variable axle spacing can
be set between 14ft and 30 ft. For all the trucks the additional impact factor can be
added to the loads based on loaded length.

Truck Load
— Yehicle data
Design code | ASSHTOLFD =) || ASHTO vehicle load H15
takal weight 30 000 b,
Yehicle lnad H15 -

Axle spacing. VW [ft) I [t

= ol e dauble axle faier

Axle spacings are in feet

| 14 [}
e o T
IU]W 4% |

01 04
L=2_ _ _O_ 4

— AASHTO LFD impact factar
™ Include impact fachor Length for computing impact Factor [ft] I

— LB R d e (aad allawance
= nelude dinamic Gad slowanee [oramie laad allawance - [ 75

oK | Cancel | Apply | Help |

AASHTO LFD Truck Loading

For the AASHTO LRFD code the design truck that forms part of the HL-93 loading
can be created. For the design truck the additional dynamic load allowance can be
added to the loads based on the impact factor (IM).
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Truck Load

— Wehicle data
Design code | ASSHTOLRFD = | AASHTO vehicle load Design Truck

total weeight 72 000 lbs.
Yehicle load I Design Truck b I
Aule spacing, ¥ [f) I 14

= el 2 double anle railer

Axle spacings are in feet

— s S LR paet Factar,
= [ elide imp et Factor [ rigth fan camputinampact factar (k] I

— AASHTO LRFD dynamic load allowance
[~ Include dynamic load allowance Dynamic load alowance - [ wn

Ok | Cancel | Apply Help |

To use either loading type:

e Choose the design code that the truck load is to be calculated from.

e Choose the vehicle type required to be generated. Note that if axle spacing is
required this has to be between 14 and 30 feet for the AASHTO LFD vehicles
and 14 and 32 feet for the AASHTO LRFD design truck. The vehicle will be
generated about its centroid.

For AASHTO LFD’s H20 and HS20 the option to have a double axle trailer is
possible. This is applicable for timber or orthotropic steel decks (excluding
transverse beams). For these vehicles either one 32 000 Ibs or two 16 000 Ibs
four feet apart axles can be used. The vehicle giving the most adverse effect
should be used for design.

For AASHTO LFD, if an impact factor is to be considered, select the check
box and enter a length for computing the impact factor. The impact allowance
is a maximum of 30 % making the impact factor a maximum of 1.3. The impact
factor is calculated from the equation below.

| =50/ (L +125)
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where L = length for computing the impact factor in feet

For AASHTO LRFD what was known as impact in the Standard Specification
is called dynamic load allowance (IM) in the LRFD Specification and is
expressed as a percentage. The base dynamic load allowance factors are present
in LRFD Table 3.6.2.1-1. Designers should note that the base values are
reduced for buried components and for wood structures.

Oregon LRFR Truck Loading
See Oregon Department of Transportation Truck Loading

West Virginia Truck Loading
See West Virginia Vehicle Loading

United States of America Tandem Load (AASHTO LRFD)
The tandem load generator produces load groups based on the AASHTO LRFD code.

For the AASHTO LRFD code the tandem load that forms part of the HL-93 loading
can be created. For the tandem load the additional dynamic load allowance can be
added to the loads based on the impact factor (IM).

Tandem Load [AASHTO LRFD)

— Wehiclz data
41t
Design lTand,am: Consilsts of a pair of 25 kip . 1
awles with a fived zpacing of 4 feet ., .,
=
[Cu]
0254 0254
Dynamic Load Allowance
’7 ™ Include dynamic lnad allowance Dwnamic Load Allowance - [k i

Cancel | Apply | Help |

For AASHTO LRFD what was known as impact in the Standard Specification is called
dynamic load allowance (IM) in the LRFD Specification and is expressed as a
percentage. The base dynamic load allowance factors are present in LRFD Table
3.6.2.1-1. Designers should note that the base values are reduced for buried
components and for wood structures.

90



Bridge Loading

United States of America Lane Load (AASHTO)

The lane load generator produces a uniform patch load based on the AASHTO LFD
and AASHTO LRFD codes.

For the AASHTO LFD code the following load types can be created: H15, H20, HS15,
HS20 and HS25. For all the load types the additional impact factor can be added to the
loads based on loaded length.

For the AASHTO LRFD code the design lane load that forms part of the HL-93
loading can be created. For the design lane load the additional dynamic load allowance
can be added to the loads based on the impact factor (IM).

Lane Load [AASHTO]

— Loading data
['esigh code I AASHTO LFD vI
Yehicle load H15 -

Loaded length (i) I 0
Skew angle [deg) I 0
Drigin I Centre: - I

AASHTO lane load H15 total equivalent weight 48 bt

— Impact factor

[ Include impact factor Length for computing impact Factor [f) I

T re— toply Help |

To use this loading type:

e Choose the design code that the lane load is to be calculated from.
e Choose the patch type from the drop down list to specify the load intensity.

o Specify the length of lane load that you require to generate about the centre line
of patch.

o Specify the skew angle to apply to the lane loading (clockwise positive).

e Choose the origin that the load will be generated about.
For AASHTO LFD, if an impact factor is to be considered, select the check box
and enter a length for computing the impact factor. The impact allowance is a

maximum of 30 % making the impact factor a maximum of 1.3. The impact
factor is calculated from the equation below.
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1 =50/ (L + 125)

where L=length for computing the impact factor in feet

United States of America AASHTO Knife Edge Load (Moment,
Pm)

The knife edge load (moment, Pm) generator produces a line load based on the
AASHTO LFD code.

For the AASHTO LFD code the following load types can be created: H15, H20, HS15,
HS20 and HS25. For all the load types the additional impact factor can be added to the
loads based on loaded length.

Knife Edge Load [AASHTO Pm)

— Loading data
Wehicle load H15

-

Skew angle [deg) I 0
Drigin I Centre vl

AASHTO KEL load Pra H15 total equivalent weight 13500 [baft

— Impact factar

™ Inchide impact factor Length for computing impact Factor (i) I
Ok | Cancel Apply Help |

To use this loading type:

e Choose the vehicle load type from the drop down list.
e Specify the skew angle to apply to the KEL loading (clockwise positive).
e Choose the origin for which the load is to be generated about.

o If an impact factor is to be considered, select the check box and enter a length
for computing the impact factor. The impact allowance is a maximum of 30 %
making the impact factor a maximum of 1.3. The impact factor is calculated
from the equation below.

I =50/ (L + 125)
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where L=length for computing the impact factor in feet

United States of America AASHTO Knife Edge Load (Moment,
Ps)

The knife edge load (moment, Ps) generator produces a line load based on the
AASHTO LFD code.

For the AASHTO LFD code the following load types can be created: H15, H20, HS15,
HS20 and HS25. For all the loads types the additional impact factor can be added to the
loads based on loaded length.

Knife Edge Load [AASHTO Ps)

— Loading data
Wehicle load HiE -

Skew angle [deg) I ]
Drigin I Centre v|

AA5HTO KEL Inad Pz H15 total equivalent weight 19500 beAft

— Impact factaor

™ Include impact Factor Length for computing impact fackor [ft] I

oK | Cancel Apply Help |

To use this loading type:

e Choose the vehicle load type from the drop down list.
o Specify the skew angle to apply to the KEL loading (clockwise positive).
e Choose the origin for which the load is to be generated about.

o If an impact factor is to be considered, select the check box and enter a length
for computing the impact factor. The impact allowance is a maximum of 30 %
making the impact factor a maximum of 1.3. The impact factor is calculated
from the equation below.

| =50/ (L + 125)

where L=length for computing the impact factor in feet
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United States of America Train Loading - AREMA

—Train load data

Train load type I E-60 j L1 [fe) I a0 Track gauge. & [ft) 4.7083
All loads are pertrack i ¥
i.e. half per rail Direction of trawvel —mee=
#le loads in b g S ITRES BENEEIE
oo oo oo oo o oo oo oo o o O
e e e e N s e s e e s Y e o e R s e e |
SS555 S 5955 9599509 o959 9
o oo o O o o oo O e R e o Y o R e
B EEREEEEEREEEENEEEE S
M oooo Q000 e ooa QOO0 o>
1 [ [ [ | | [ | | [ 1

To create this loading type:

e Select the standard rail loading type from the drop down list.
e Enter the dimensions L1 as appropriate for the load model chosen.

e Enter the track gauge.

For this loading a number of discrete load attributes will be created that are used to
define a compound load. It is the compound load that should be assigned to the model.

Oregon Department of Transportation Truck Loading

Oregon vehicle loadings are accessed from the Bridge > Bridge Loading > United
States of America > Truck Load... menu item.

Oregon vehicle loadings are defined to Oregon Department of Transportation
specification (ODOT LRFR Manual, 2008). They include the following types:
U ODOT Continuous Trip Permit (CTP) Trucks
U ODOT Legal Trucks (LEG)
U ODOT Permit Load (PERMIT) Trucks
U ODOT Single Trip Permit (STP) Trucks
O Specialized Hauling Vehicles (Denoted as SU Trucks)
For all vehicle types all axle loadings and axle spacings are set. No user input is
required.

See Using static vehicle loadings for general details regarding static vehicle loadings.
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Continuous Trip Permit (CTP) Trucks

The designations for ODOT permit vehicles contain indicators of the type Continuous
Trip Permit (CTP) or Single Trip Permit (STP), and the number of the MTCD weight
table it represents. For example, “Type CTP-2A” indicates a Continuous Trip Permit
vehicle that conforms to Weight Table 2.

Truck Load

— Wehicle data
Design code I Oregon LRFR j

Yehicle load I OR-CTP-24 vl
Aol e spacig, Y I

1= gl & deubleiadle failer

Indicated concentrated loads are axle loads in kips

Diraction of travel Axle spacings are in feet
108 165164 1414 14 1010
o (L (WIS L, (L
I Il o Il
17 24 Jidasl 18 s
4 Mk H b4 M
82
— ST D et faetar
= relude impact facter [Length har computing impact Eeten [ I
— Lot SN CEER d e | o ad allawance
= helbde duramie | zad &llewEnse [Dpramie [oad &l awanse =k g =

oK | Cancel | Apply | Help |

The following Continuous Trip Permit (CTP) Trucks are provided:

O OR-CTP-2A
O OR-CTP-2B
O OR-CTP-3
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ODOT Legal Trucks (LEG)

Truck Load

e
-

_| ) = e i == [

The following Legal Trucks (LEG) are provided:

O OR-LEG-3

0 OR-LEG-3-3

0 OR-LEG-3-3 TRAIN
O OER-LEG-3S2
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ODOT Permit Load (PERMIT) Trucks

Truck Load

— Yehicle data

Design code I Oregon LAFR j

‘ehicle load I OR-PERMITA vI
Sle spacig, Y I

| e (e =

Diraction of travel Axle spacings are in feet
12 215 215 215215
o0 o0
| [ [
PRI PN P S
——HH 4 b
42

Indicated concentrated loads are axle loads in Kips

— A ST LD imE EEE FEater

I | nelide impast fEstar [Lergth fan computing impact FEctian I
— AESHT LEED dvramic aadlal swance
2 [ Ficlude dunamic [mad &l awance Domamie] sad sllewanee - [ 75 =
oK | Cancel | Anply | Help |

The following Permit (PERMIT) Trucks are provided:

U OR-PERMIT1
OR-PERMIT?2
OR-PERMIT3
OR-PERMIT4
OR-PERMITS
OR-PERMIT6
0 OR-PERMITY

(IR Iy Iy Iy

ODOT Single Trip Permit (STP) Trucks

The designations for ODOT Permit Vehicles contain indicators of the type of
Continuous Trip Permit (CTP) or Single Trip Permit (STP) and the number MTCD
Weight Table it represents. For example, “Type STP-4A” indicates this is a Single Trip

Permit vehicle that conforms to Weight Table 4.
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Truck Load

Gt v
CEE

I Appl e doutile axlE brailer

The following Single Trip Permit (STP) Trucks are provided:

U OR-STP-3
O OR-STP-4A
U OR-STP-4B
U OR-STP-4C
U OR-STP-4D
U OR-STP-4E
U OR-STP-5BW
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Specialized Hauling Vehicles (denoted as SU Trucks)

— Yehicle data
Design code I Oregon LAFR j

‘ehicle load I SU4 Truck vI
Sle spacig, Y I

| e (e =

Indicated concentrated loads are axle loads in Kips
Diraction of travel Axle spacings are in feet
877

Lol
w

— A ST LD imE EEE FEater
I | nelide impast fEstar [Lergth fan computing impact FEctian I

— AESHT LEED dvramic aadlal swance

2 [ Ficlude dunamic [mad &l awance Domamie] sad sllewanee - [ 75 =

] 4 | Cancel | Apply | Help |

The following Specialized Hauling Vehicles (denoted as SU Trucks) are provided:

O OR-SU4 Truck
O OR-SU5 Truck
O OR-SUG6 Truck
O OR-SU7 Truck

West Virginia Department of Transportation Truck
Loading
West Virginia vehicle loadings are accessed from the Bridge > Bridge Loading >
United States of America > Truck Load... menu item. They include the following
types:

Q SU40 Truck

O Su45 Truck

Q 3S55 Truck

O 3S60 Truck
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O Tandem Truck

O Five Axle Semi Truck
O Six Axle Semi Truck
O T3 Truck

O 3S2 Truck

For all vehicle types all axle loadings and axle spacings are set. No user input is
required.

See Using static vehicle loadings for general details regarding static vehicle loadings.

Truck Load
—Wehicle data
Diesign Code I\'\""ESt Wirginia j ‘wheat Winginia vehicle load Five Aale
: - - Semi
Wehicle load I Five fule Semi j takal weight 80000 Ibs.

Axle Spacing, ¥ (ft) I

™| Snply e diuble anle traier

Indicated concentrated loads are axle loads in kips

-t Diraction of travel Axle spacings are in feet

] 2525 2525

o OO OO

| lizl lio ]

i 15. lA_ M 24' .‘:\T‘

+ HtHt b

i 49. .

S H T L i aet fastar

= elude impact facter LLengtt far computing|impact factar (] I
e AASHTENLEEDN diramic loadlallowance

™| helude dinamic laad el bwanze [Momamicload Allewance- M 75 *

Ok Cancel Apply | Help I
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Moving Load
Generator

Overview

The moving load generator is accessed from the Bridge> Moving Load... menu item.
It is used to track the path of a vehicle (or a set of vehicles) across a structure by
automatically setting up a number of static loadcases at prescribed locations along a
selected line. These loadcases produced can then be enveloped to provide the
maximum effect of the vehicle passing over the structure.

Prior to using the moving load generator a slab or grillage model that will allow the
application of discrete loads must have been created. Ensure that the discrete load
group representing the vehicle to be moved across the structure has been defined in the

Treeview and that a line representing the vehicle path across the structure has been
defined and selected. The line representing the vehicle path should not be one of the
lines forming the model. If a combined line is selected then the generator will use the
points joining the lines within the combined line as the locations for the application of
the vehicle loads. For straight lines or arcs the generator will split the selected line
representing the vehicle path into a number of segments and create a loadcase for the
vehicle in each load position. Only the first line within the selection will be processed.
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Moving Load Generator

— Loading options

hoving wehicle lnad I Mo load attributes present j
Search area I 0:Default j
% Project over area " Project onta line

Starting loadzase number I 2

— Wehicle path options

' bove vehicle along path in equal number of divisions

MNurnber of divisions I 10

" Move vehicle by incremental distance along path

Incremental distance I i

— Wehicle direction

¢ Fonward " Reverse

Cancel | Apply | Help |

U Moving vehicle load Select the pre-defined vehicle load to be moved along the
line

O Search area can used to restrict the area of application of point and patch loads
to pre-defined part of the model. Generally, for grillage models, a search area is
not required.

O Project over area needs to selected if the vehicle load is to be applied to a
grillage or slab model (3D)

U Project onto line needs to be selected if the load is to be applied to a line beam
model (2D)

O Starting loadcase number can be set to whatever loadcase number is required
but by default will be set to be the next free loadcase number.

O Vehicle path options define whether the vehicle is to be moved across the
structure by a equal number of divisions or by an incremental distance of the
line representing the vehicle path.

U Vehicle direction allows for forward (defined by the geometric line direction)
and reverse passing of the loading.

Load direction

When moving a discrete load where the load direction and the projection vector do not
match care should be taken in the direction of the discrete load to ensure that the
loading applies in the correct direction along the path. For all vehicles defined using the
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Moving Load Generator

Bridge > Bridge Loading menu item the front of the vehicle and local axes are defined
as follows:

z Y

g [TONt Of vehicle ey Frontof vehicle p——————

| | —» I | ——» | ] —>
Y X X

e | L__E__n ) .

z
Vertical axis = X Vertical axis = Y Vertical axis = Z

Centrifugal loading

When a centrifugal load is defined for use on a path represented by an arc the point or
patch load direction and sign of the vehicle load should be set up to take account of the
vertical axis of the model and of the local axes of the vehicle.

Patch loading

In the following patch load example the vertical axis of the model is set to the Y
direction and a vehicle load is moved clockwise around an arc in the ZX plane with
centrifugal loading defined as a negative value in the Z direction:

Front of

Front of — — vehicle
vehicle TSN S e

Front of

vehicle

Line direction

Front of
vehicle
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Reversing the vehicle direction by using the Reverse option on the Moving Load dialog
will change the orientation of the vehicle configuration so it is rotated 180 degrees such
that the vehicle will now pass along the path in the opposite direction with this new
orientation. Loads defined in the lateral vehicle directions will be rotated ensuring that
the lateral loads for centrifugal loading will be maintained in the correct direction as
the vehicle passes along the path.

The following examples (using trapezoidal-shaped patch loading for clarity) show the
effect of vehicle direction upon any horizontally defined longitudinal or centrifugal
loads:

Front of
vehicle

)i' Line direction ;{ Line direction
Front of
vehicle
Forward longitudinal load Reverse longitudinal load
Front of
vehicle

A
Line direction % Line direction

Front of
vehicle

Forward centrifugal load Reverse centrifugal load

Point loading

For point loading similar care should be taken to ensure that the vertical axis of the
model and the untransformed load directions for longitudinal or centrifugal loading are
compatible. Reversing the vehicle direction by using the Reverse option on the Moving
Load dialog will ensure that any lateral loads are rotated and, as for patch loading, the
centrifugal loading will be maintained in the correct direction as the point load passes
along the path.
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Moving multiple loads

Discrete loads can be assigned to, and manipulated on a model as a load set or load
train by creating a compound discrete load. See the Modeller User Manual for details.
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Vehicle Load
Optimisation

Overview

Vehicle load optimisation (VLO) makes use of influence surfaces and influence
analysis to identify the most onerous vehicle loading patterns on bridges for a chosen
design code and to apply these loading patterns to LUSAS models. It reduces the
amount of time spent generating loadcases to replicate traffic and lane loading on
models and leads to more efficient and economic design, assessment or load rating of
bridge structures. It can be applied to grillage, line beam and plate/shell models.

Two influence analysis methods are available: the Reciprocal Method and the Direct
Method. This general overview of VLO applies to both except where stated.

Performing a vehicle load optimisation analysis

To evaluate the effect of the most onerous vehicle loading patterns on a bridge using
Vehicle load optimisation analysis is essentially a four stage process. A simple
plate/shell model for analysing traffic loading to Eurocode EN-1991-2 for a number of
indicative mid-span influence points is shown to illustrate the stages involved.

U Stage 1 - Assign influence attributes. Before running a Vehicle Load
Optimisation analysis influence attributes must have been assigned to selected
positions (nodes or points of interest) on a model. Kerb lines defining the extent
of the carriageway need to be defined.
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U Stage 2 - Optional solve to view influence shapes. Before running a Vehicle
Load Optimisation analysis an influence analysis can be optionally run to
investigate the influence lines or surfaces for the assigned influence attributes.
An influence surface for each influence position is automatically calculated and

can be optionally displayed. Note that influence shapes can also be viewed after
a successful VLO analysis has been carried out.

Stage 3 - Run a VLO Analysis. Running the Vehicle load optimisation facility
interrogates each influence surface and calculates the critical loading pattern for

the chosen effect. The critical loading pattern can be optionally displayed prior
to calculating loading effects.
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0 Stage 4 - Solve to calculate effects of traffic load patterns. After running a
Vehicle Load Optimisation analysis the model must be solved to calculate the
effect of the critical loading patterns on the model. Critical loading patterns can
be optionally superimposed on deformed or undeformed results plots.

Note: For a line beam model, where the geometric section represents a beam with a
loadable top slab, a loadable grid of points is used to represent the slab. See Direct
Method Influence Attributes for more details.

Assigning Influence Attributes to a model

See Influence Attributes for details.

Running a Vehicle Load Optimisation Analysis

Vehicle load optimisation is provided in Bridge software products only. It can be
accessed from the Analyses >/ Bridge > Vehicle Load Optimisation menu items.

Before a Vehicle Load Optimisation analysis can be undertaken, influence attributes
need to be assigned to the model and kerb lines defining the extent of the carriageway
need to be specified. A successful analysis will add a Reciprocal Influence or a Direct
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Method Influence Analysis entry (depending upon influence attributes used) as well as

a VLO Analysis entry (and VLO runs) to the Analyses (X Treeview. These entries
permit viewing of influence shapes and traffic loading patterns prior to solving the
model for those loading patterns.

Any number of VLO Analysis entries can be created in the Analyses (X Treeview.

Each VLO Analysis entry can contain any number of ® \/LO runs, with each run
containing loadcases generated by the vehicle load optimisation software according to
the chosen design code and associated settings chosen. Each loadcase comprises
vehicle and lane loadings appropriate to the design code selected that, when solved,
will generate the most adverse positive or negative loading effect for each of the
influence points of interest, as defined on the model. If desired, it is possible to set-up
one VLO run to investigate Positive effects and a separate run to investigate Negative
effects, or they can be combined into one run, all within the same Analysis. VLO runs
can be copied and pasted between different VLO analyses.

For a detailed explanation of how to use the Vehicle Load Optimisation facility see the
Vehicle Load Optimisation Wizard

Viewing of influence shapes

After an influence analysis has been carried out the influence shape for each influence
point of interest can be seen by setting each influence loadcase active, in turn, in the
Analyses C] Treeview.

The influence shape can be viewed on the Influence shape layer in the Layers
Treeview. Note that this layer replaces the Deformed mesh layer when an influence

analysis loadcase is active. It cannot be added to the Layers =¥ Treeview manually.

By adding a Contours layer to the Layers [’= Treeview contours of Influence result
(Direct Method only) can be displayed. By referring to the contour key regions of the
model where positive or negative loading effects take place can be seen.

Note: When a Direct Method influence analysis has been solved for one assigned
attribute the effect of a unit load on any part of the structure can be seen immediately
for any subsequently assigned influence attributes.

Viewing of vehicle loading patterns

By turning on the display of loading |i| and setting each loadcase active in the

Analyses C] Treeview, the vehicle loading pattern for each loadcase generated by the
vehicle load optimisation wizard can be viewed.
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By expanding each loadcase's loading entry, the individual loading types and their
corresponding load factors that make-up each loadcase can be seen. Context menu
items provide additional visualisation and other options.

Solving to calculate effects of traffic load positions
With influence result loadcases and loadcases representing the critical traffic loading

patterns present in the Analyses @ Treeview, pressing the Solve button El on the
main toolbar menu will analyse the effect of these loadings on the structure.

It is also possible to the choose the Solve Now menu item on context menu of
individual analysis entries. Loadcases can also be solved selectively by choosing the
Loadcase to Solve context menu item.

Updating and re-running a vehicle load optimisation
analysis

Editing an existing VLO Run entry in the Layers = Treeview to include more
influences will delete and re-create existing influences as well as add new results
loadcases for the additional influences.

Superposition

Vehicle Load Optimisation software supported by LUSAS inherently uses the principal
of linear superposition. In a linear static analysis this assumption holds true for all
results components that are calculated by a LUSAS Solver, but note that it does not
hold true for all results components that are post-processed by LUSAS Modeller. For
example, Wood Armer calculations are not linear calculations, therefore superposition
is not safe for these. Similarly, the definition of any user-defined results components
(that can be used in the definition of a Direct Method influence) may include equations
with terms or constants that are not scalable.

Viewing Results

See Visualising the Results.

Vehicle Load Optimisation Wizard

The vehicle load optimisation wizard can be accessed from the Analyses >/ Bridge
> Vehicle Load Optimisation menu items. It provides the means of defining
parameters, for a particular design code, to generate the most critical traffic loading
pattern for each influence shape under consideration. The actual vehicle load
optimisation software that is used to generate this loading depends upon the design
code chosen.
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O For traffic loading assessment to Australia AS5100-2: 2004, Canada CAN/CSA.-
S6-06 (Design), Eurocode EN-1991-2, New Zealand (Transit New Zealand
Bridge Manual), and United States of America AASHTO LRFD 7th (and 6th)
Edition, LUSAS Traffic Load Optimisation (LUSAS TLO) software is used.

U For vehicle loading assessment to other supported design codes, Autoloader
Vehicle Load Optimisation (Autoloader) software is used.

Please see the appropriate heading within this topic for details of how each piece of
software operates.

Note that prior to accessing the Vehicle Load Optimisation wizard to run an VLO
analysis influence attributes must have been assigned to selected nodes or points of
interest on a model. Kerb lines defining the extent of the carriageway also need to be
defined or selected.

See Vehicle Load Optimisation Explained for a general overview of the vehicle load
optimisation process.

Design codes supported by LUSAS Traffic Load
Optimisation (LUSAS TLO)

—Loading optiohs

Country I Europe j Optional code zettings... |

Dezigh code IEN'I 931-2 Recommended Yalues 2009 j Optional lnading parameters. .. |

— Solution process

¥ Wiew onerous effects table Define carmiageways... |

¥ Create loading pattems Setinfluence surfaces... |

& Al chosen influences € Most onerous

Analysiz IVLD Analyziz 2 j

Mame  [vLO Run 1

Mote that the model will be zaved when DK iz preszed

Defaults | QK | Caticel | Help |

Country design codes currently supported by the LUSAS Traffic Load Optimisation
(LUSAS TLO) software option include:

O Australia - AS5100-2: 2004

U Canada CAN/CSA-S6-06 (Design)

O Europe - Eurocode EN1991-2 Recommended values
O Ireland - Eurocode EN1991-2
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Italy - Eurocode EN1991-2

New Zealand - Transit New Zealand Bridge Manual (SP/M/022 2nd Edition)
Poland - Eurocode EN1991-2

Sweden - Eurocode EN1991-2 (2009)

Sweden - Eurocode EN1991-2 (2011)

United Kingdom - Eurocode EN1991-2

O United States of America AASHTO LRFD (7th and 6th Edition)

Note: A Eurocode EN1991-2 Recommended values option is also provided. For this
the values for Nationally Determined Parameters (0., 04, ) and the EN1991-2
informative Annex A Special Vehicles are used by default.

coco0ooCQ

Optional Code Settings (LUSAS TLO)

Optional code settings can be specified for all design codes supported by LUSAS TLO.
Click on the country links above for each country, see the online help dialogs for each
country load type for details, or refer to the relevant help pages in the Application
Manual (Bridge, Civil & Structural).

Optional Loading Parameters (LUSAS TLO)

For design codes supported by LUSAS TLO the following parameters are available for
selection:

O Longitudinal increment - specifies the increment used when moving the
abnormal vehicle along the carriageway. The smaller the increment, the more
accurately the effects of the vehicle across the structure are calculated, giving
more accurate results. A larger increment gives quicker TLO runs, but with less
accuracy. A generally suitable default value is provided, but users can specify
an alternative value based upon experience.

O Transverse increment - specifies the increment used when moving the vehicle
across the carriageway. The smaller the increment, the more accurately the
effects of the vehicle across the structure are calculated, giving more accurate
results. A larger increment gives quicker TLO runs but with less accuracy. A
generally suitable default value is provided, but users can specify an alternative
value based upon experience.

O Vehicle Direction - specifies the vehicle direction which is used to calculate the
effects of each vehicle. Vehicle axles are defined from the leading axle.
Forward means the vehicle is run in a forward direction along the carriageway
from the starting point of the carriageway. Reverse means the vehicle is run
with the normally trailing axle leading along the carriageway from the starting
point of the carriageway. Both means both cases are run. For an asymmetric
vehicle, either forward or reverse could produce the greatest effect, dependent
upon the shape of the influence surface and the increments used. The default is
both directions.
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Defining Carriageways (LUSAS TLO)

For design codes supported by LUSAS TLO, lines defining the width of the
carriageway must be present in the model and selected. Where lines already represent
the edges of a structure, or the centreline of a carriageway, lines representing the width
of a carriageway can be easily added using the Geometric> Line> By offsetting menu
item. Note that these lines do not have to form a structural part of the model. Once
done the following parameters are available for selection:

U Kerb positions - define the width of each carriageway. Note that for LUSAS

TLO it is not possible to define kerb positions via tabular input.

e Kerb from Selection - The kerb positions of carriageways are defined
by selecting those lines defining the kerbs on either side of a
carriageway in the view window prior to accessing the Vehicle Load
Optimisation dialog. Straight lines, arcs or a combination of these two
feature types can be used and selected to describe the extent of the
carriageway. Multiple sets of carriageways can be defined by selecting
multiple sets of those lines defining the extent of each carriageway.

Permissible kerb arrangements (LUSAS TLO)

Pairs of straight lines defining kerb positions must be parallel, and the start and
end points of each kerb must be orthogonally opposite each other.

Pairs of arcs defining kerb positions must be concentric and have the same
subtended angle

Consecutive straight lines and arcs can be used to define kerb positions but
opposite pairs of lines that define the kerb positions must of the same type, that
is, either both straight lines or both arcs, and not a mixture. Consecutive straight
lines and arcs must be tangential. Using only consecutive straight lines to define
kerb positions is invalid unless the intersection points are filleted.

Kerb lines should lie in a common plane. For bridge decks with a variable
longitudinal vertical profile (such as a vertically curved deck) a primary (X,Y),
(Y,2) or (Z,X) plane must be used. For bridge decks with a constant
longitudinal vertical profile (such as a horizontal or inclined bridge deck) the
kerb lines may lie in a primary plane or in the same plane as the bridge deck.

Kerb lines must be transversely within the limits of any Direct Method
Influence grid, if one is used during influence attribute assignment.

Valid kerb arrangements showing the resulting loadable regions in darker shading are

shown:
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Straight kerbs Curved kerbs

Straight and curved kerbs - opposing pairs of lines/arcs are of the same type
(LUSAS TLO only)

Definition of multiple sets of carriageways

General notes for design codes supported by LUSAS TLO:

e When using LUSAS TLO the model can be defined in any quadrant of the

Modeller view window. For example in positive X, positive y, or in negative X,
positive y.

e LUSAS TLO vehicle loads can be projected in either the X, Y or Z directions,

meaning that models can lie in any of the primary (X,Y), (Y,Z) or (Z,X) planes,
noting that non-planar decks are also supported.

e When using shells, quadratic elements with mid-side nodes are permitted.

See also Setting-up Influence Surfaces and Solution Process Options below.
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Design codes supported by Autoloader Vehicle Load
Optimisation (Autoloader)

Vehicle Load Optimisation

— Loading options

Cauntry I China j Optional code settings... |

Desigh code IJTG DEO-2004 j Optional loading parameters. .. |

—Salution process

= iew onerous effects kable Define cariageways... |

¥ Cieate [wading patiems Set influence surfaces. . |

&) &llchosen infiuenees. €00 fast onerous

Analysis IVLD Analyzis 2 j

Mame  [¥LO Run 1

Mate that the model will be saved when 0K is pressed

[efaults | 0K | Cancel | Help |

Country design codes currently supported by LUSAS using the Autoloader vehicle load
optimisation software option include:

[y Iy Ny By Ny Iy Ny

(W]

Australia- the AUSTROADS standard.

China JTG D60-2004 and HK

Finland- the Finland Highway Loading standard.
India IRC6:2000

Korea- the Korea Highway Loading standard.
Malaysia- the JKR Highway Loading standard.
Norway- the Norway Highway Loading standard.
Republic of South Africa - TMH7 Loading standard.
Sweden- the BRO standard.

United Kingdom- Highways Agency Departmental Standard BD21/97
“Assessment of Highway Bridges and Structures”.

United Kingdom- Highways Agency Departmental Standard BD21/01
“Assessment of Highway Bridges and Structures”.

United Kingdom- Highways Agency Departmental Standard BD37/88 “Loads
for Highway Bridges”, which incorporates BS5400 Part 2:1978.

United Kingdom- Highways Agency Departmental Standard BD37/88 “Loads
for Highway Bridges”, which incorporates BS5400 Part 2:1978, RU section
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O United Kingdom- Highways Agency Departmental Standard BD37/01 “Loads
for Highway Bridges”.
O United States of America - AASHTO LFD.

To use retired implementations of design codes for old models please contact LUSAS
technical support.

Optional Code Settings (Autoloader)

Optional code settings can be specified for all design codes supported by Autoloader.

Click on the country links above for each country, see the online help dialogs for each
country load type for details, or refer to the relevant pages in the Application Manual

(Bridge, Civil & Structural).

Optional Loading Parameters (Autoloader)

For vehicle load optimisation of design codes supported by Autoloader, the following
parameters are available for selection:

O Vehicle Library- specifies an alternate file containing the Autoloader Vehicle
Library. This enables the user to define another vehicle for a set of Autoloader
runs. By default, Autoloader looks for autoload.vec in the working directory.

O Vehicles - defines a list of vehicles that can be chosen to calculate the greatest
effect. Autoloader tests the vehicle chosen in this list. Each vehicle must be
specified in the Autoloader vehicle library. If the field is not specified, HA or
equivalent only loading is assumed.

O Multiple Vehicles - specifies whether a single vehicle is used or a list of
vehicles. Each vehicle must be specified in the Autoloader vehicle library. To
use this option select the check box next to the label and enter the list of
vehicles in the text box with commas separating each name. To deselect this
option ensure that the check box is not selected. By default this option will not
be selected.

O Vehicle Direction - specifies the vehicle direction which is used to calculate the
effects of each vehicle. Vehicle axles are defined from the leading axle.
Forward means the vehicle is run in a forward direction along the carriageway
from the starting point of the carriageway. Reverse means the vehicle is run
with the normally trailing axle leading along the carriageway from the starting
point of the carriageway. Both means both cases are run. For an asymmetric
vehicle, either forward or reverse could produce the greatest effect, dependent
upon the shape of the influence surface and the increments used. The default is
both directions.

O Longitudinal increment - specifies the increment used when moving the
abnormal vehicle along the carriageway. The smaller the increment, the more
accurately the effects of the vehicle across the structure are calculated on the
carriageway, giving more accurate results. A larger increment gives quicker
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Autoloader runs. A generally suitable default value is provided but users can
specify an alternative value based upon experience. If an invalid value is
specified, Autoloader gives a warning and uses the default value.

U Transverse increment - specifies the increment used when moving the vehicle
across the carriageway. The smaller the increment, the more accurately the
effects of the vehicle across the structure are calculated on the carriageway,
giving more accurate results. A larger increment gives quicker Autoloader runs.
A generally suitable default value is provided but users can specify an
alternative value based upon experience. If an invalid value is specified,
Autoloader gives a warning and uses the default value.

U Edit advanced loading options - further to the basic options provided on this
dialog, Autoloader allows more advanced changes to be made. To access this
functionality ensure that the check box next to the label is selected and click on
the Advanced button. However, note that it is unlikely that these advanced
options will be required for the majority of work.

Optional Loading Parameters (Advanced)
(Autoloader)

For vehicle load optimisation of design codes supported by Autoloader the following
advanced parameters are available for selection:

U Use extra parameter file- specifies another parameter file for Autoloader. This
option allows the user to specify a generic set of parameters in another file and
use that file in a series of Autoloader runs. This additional file can contain
anything that the input file can contain. It is read after the entire input file is
processed, and any parameter specified within this file will overwrite one
specified in the original file. To use this option select the check box next to the
label and specify the location of this extra file, to deselect this option ensure
that the check box is not selected. By default this option will not be selected.

U Use alternative KEL - specifies an alternate value for the Knife Edge Load to
use when applying KEL loading. To use this option select the check box next to
the label and specify the new value for the KEL loading in the text box, to
deselect this option ensure that the check box is not selected. By default this
option will not be selected.

U Use UDL Limit - allows specification of a loaded length, over which the lane in
question is not loaded. This can be used in conjunction with HA Alternative to
create a situation such as in BD 21/97, where if the loaded length is below 2m,
the lane is loaded with a Single Axle Load instead of a UDL + KEL. To use this
option select the check box next to the label and specify the UDL limit in the
text box, to deselect this option ensure that the check box is not selected. By
default this option will not be selected.

U Use Beta Lane Factors - allows specification of alternate HA lane factors to
use when calculating the effects of HA loads. The format is a list of factors. The
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first factor is used for the lane with the greatest effect, the second is used for the
lane with the second greatest effect, etc. If there are more lanes than factors,
then the last factor in the list is used for any lanes without corresponding
factors. It should be noted that for the JKR standard the make up lane is also
treated as an HA lane and the user should specify a factor for it (bearing in
mind that it is quite likely to have the least effect). To use this option select the
check box next to the label and specify the alternate HA lane factors in the text
box, to deselect this option ensure that the check box is not selected. By default
this option will not be selected.

O Use Lane Modification factors - allows specification of alternate lane
modification factors to use when calculating effects. The format is a list of
factors. The first value is used when there is one lane loaded, the second when
there is two, etc. If there are more lanes than factors, then the last factor in the
list is used. This option is intended when AUSTROADS, but can also be used
within the other standards. To use this option select the check box next to the
label and specify the alternate lane modification factors in the text box, to
deselect this option ensure that the check box is not selected. By default this
option will not be selected.

O Use Dynamic Load allowance - allows the dynamic load allowance for gamma
factors. This is intended for AUSTROADS, but can also be used within the
other standards. If an invalid value is specified, Autoloader gives a warning and
uses the default value. To use this option select the check box next to the label
and specify the dynamic load allowance for gamma factors in the text box, to
deselect this option ensure that the check box is not selected. By default this
option will not be selected.

O Use Alternative loading intensity curve - provides the ability to change the
relationship between loaded length and intensity of the UDL applied. Each pair
of comma separated values is a length and an intensity for that length.
Autoloader does straight line interpolation between these values. If more
accurate loading intensity is required the user should specify as many points as
possible. To use this option select the check box next to the label and specify
the relationship between loaded length and intensity of the UDL in the text box,
to deselect this option ensure that the check box is not selected. By default this
option will not be selected.

O Use Alternative adjustment factors - provides the ability to change the
relationship between loaded length and the Adjustment factor for BD 21/97.
Each pair of comma separated values is a length and a factor for that length.
Autoloader performs linear interpolation between these values. If a more
accurate value is required the user should specify as many points as possible.
To use this option select the check box next to the label and specify the new
relationship between loaded length and the Adjustment factor in the text box, to
deselect this option ensure that the check box is not selected. By default this
option will not be selected.

119



Application Manual (Bridge, Civil & Structural)

Defining Carriageways (Autoloader)

For vehicle load optimisation of design codes supported by Autoloader, lines defining
the width of the carriageway can be optionally drawn in the model, and selected, or
tabular coordinate input can be used. For either case, the following parameters are
available for selection:

a

a

Carriageway Shape - specifies whether the carriageway is curved or straight
in plan view

Number of Carriageways - specifies the number of carriageways to be placed
on the deck. Autoloader assumes the kerbs of each carriageway are parallel.

Angle of carriageway - is only required when the carriageway shape is straight.
It specifies the angle of inclination in degrees of the carriageway in an
anticlockwise direction relative to the positive x axis. The angles for multiple
carriageways are entered as a comma separated list of values. This is the input
for the CWDIR parameter for Autoloader as explained in the Autoloader
Reference Manual.

Kerb positions - -allows entering the positions of the kerbs on each
carriageway using two methods:

e Kerb from tabular input - if this option is selected, when the Apply
button is clicked a tabular dialog is presented for entering the kerb
positions in cartesian coordinates. When the carriageway shape is
straight, two points per carriageway are specified. The first of these is
the ‘base’ point and is on a kerb at the start of the carriageway. The
other point is anywhere along the other kerb. When the carriageway
shape is curved, four points per carriageway must be specified. The first
of these is the ‘base’ point and is on a kerb at the start of the
carriageway. The next two points are on the same kerb, and are used to
calculate the centre of curvature and the radius of curvature. The final
point is anywhere along the other kerb. Autoloader uses this data to
calculate the width of the carriageway.

e Kerb from Selection- The kerb positions of the carriageways may be
defined by selecting lines defining the kerbs on either side of a
carriageway on screen prior to displaying the Vehicle Load
Optimisation dialog. Only straight lines or only arcs that describe the
extent of the carriageway can be selected. Combined sequences of these
feature types are not supported by Autoloader. Multiple sets of
carriageways can be defined by selecting multiple sets of those lines
defining the extent of each carriageway.
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Permissible kerb arrangements (Autoloader)

e Pairs of straight lines defining kerb positions must be parallel, and the start and
end points of each kerb must be orthogonally opposite each other.

e Pairs of arcs defining kerb positions must be concentric and have the same
subtended angle

e Consecutive straight lines and arcs cannot be used to define kerb positions.

For valid and invalid kerb arrangements see Permissible Kerb Arrangements
(LUSAS TLO)

General Notes for design codes supported by Autoloader
For vehicle load optimisation of design codes supported by Autoloader:

o Autoloader projects vehicle loads in the negative Z axis direction. As a result,
models for use with Autoloader must be set up in the x,y plane to ensure that
loading can be applied in this direction.

e When using Autoloader the model must be created in the positive x,y quadrant
of the view window

¢ In certain loading situations an upward load may be applied by Autoloader. In
the case of a UK design code, this can be a result of a HB loading overhanging
a lane where HA loading is applied. The upward load is applied to cancel the
excess of HA loading. The loading standard BD 37/88 "Loads for Highway
Bridges", clause 6.4 deals with this loading situation in more detail.

e When using a grillage with the Vehicle Load Optimisation facility each of the
lines representing a section of the deck must be meshed with one element only
i.e. each bay of the grillage must have one element assigned. In addition, only
lower order elements can be used. Quadratic elements with mid-side nodes are
not permitted.

e Non-planar decks are supported.

e The use of Autoloader is described fully in the Autoloader User Manual.

Setting-up Influence Surfaces

Applicable to vehicle load optimisation of design codes supported by LUSAS TLO and
Autoloader.

O The List of available influences shows all assigned influence attributes for the
model. These can be included in a vehicle load optimistion analysis en-mass, or
by individual selection.
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The following additional settings can be made:

O Include all influence surfaces - selects all the influence surfaces in the model
for use in the vehicle load optimisation.

O Positive and/or Negative Vehicle loading can be placed on either Positive or
Negative areas by checking the Positive or Negative (or both) checkboxes for
each of the included influences. Note that clicking in the header cell of a
column will select the whole column so that checking (ticking) one entry in the
column will check (tick) all entries in that column. Selection of multiple
columns is also possible.

U Aletrnative load pattern (for AASHTO LFD Standard Specifications clause
3.11.3, AASHTO LRFD clause 3.6.1.3.1, and Korean lane loads on continuous
spans only). When the column is checked, the influence surface referred to in
that row of the grid will be treated as set out in the clauses mentioned above -
an option suitable for negative moments between points of contraflexure or
reactions of interior piers. Checking the box will use two concentrated (knife
edge) loads per lane (LFD) or two trucks per lane (LRFD) in the load pattern
generation (other rules in the referenced clauses relating to spacing and
reduction factors are included, as appropriate also).

Q Increment for influence surfaces (for vehicle load optimisation of design
codes supported by Autoloader only) - Specify the increment interval used
when interpolating influence values to obtain the influence lines for the
centrelines of the notional lanes. A generally suitable default value is provided
but users can specify an alternative value based upon experience. The smaller
the increment, the more positions of the vehicle will be calculated along the
carriageway, giving more accurate results. A larger increment gives quicker
Autoloader runs but with potentially less accuracy. If an invalid value is
specified, a warning will be given and the default value used. Length units as
specified on the main dialog should be used.

O Search Area to be used for reciprocal analysis - The search area choice
applies only to the assignments of reciprocal influences. Direct method
influence assignments will automatically use the search area (if any) of the
direct method influence analysis in which the influence attribute was assigned.
Use of a search area will restrict the applied vehicle loading to a specified
portion of the model. If a search area is not specified the generated vehicle
loading will be projected onto the whole model ("Default™). For models where
multiple intersections of the load projection occur it is necessary to restrict the
loading to the required face using a search area.

Solution Process Options

Applicable to vehicle load optimisation of design codes supported by LUSAS TLO and
Autoloader (except where noted)
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View onerous effects table (For design codes supported by LUSAS TLO only)
Shows tabbed and sorted results for all chosen influences at nodes that are
visible, with the most onerous result shown in the first row of the table.
Displayed results can be filtered by subsequently selecting features or mesh
objects of interest. For more information see Onerous Effects Table below.

Create loading patterns (For design codes supported by LUSAS TLO only)
To run a Vehicle Load Optimisation analysis with optimised loading select this
check box, selecting either the All chosen influences option, which generates
loads and loadcases for all chosen influences; or the Most onerous option,
where for each influence attribute the loads and loadcases are only generated
for the influence assignment that gives the most onerous effect. For both

options, loading entries are created in the Attributes & treeview and an entry is

created in the Analyses @ Treeview under the corresponding VLO Run. To
visualise the loading patterns a loadcase must be set active and appropriate
loading visualisation settings made.

The Analysis name provided creates an appropriate entry in the Analyses @
Treeview. Note that an analysis can contain up to 1000 VLO Runs. Separate
user-defined analysis entries can be created to hold different VLO Runs using
the 'New' analysis option on the drop-down menu for the Analysis entry, but for
speed of solving, note that it is more beneficial to have all VLO Runs contained
within one analysis.

The Vehicle Load Optimisation Name is used to identify each VLO Run. Short
names are recommended since VLO Run names are used to create filenames
that also include the influence name and coordinate and element details, and if
collectively this is too long, the Windows path limit of 260 characters may be
exceeded. See File and folder naming in LUSAS for details.

When the OK button is pressed LUSAS will carry out the influence surfaces
analysis and run either LUSAS TLO / Autoloader vehicle load optimisation
analysis software based on the country design code selected. The results from
the LUSAS / Autoloader vehicle load optimisation analysis will be loaded into
the LUSAS model in readiness for the model to be solved using the Solve Now
button on the main toolbar.

When the model is solved for any selected onerous vehicle loading arranegments, the
results from the analysis will be seen in the relevant Vehicle Load Optimisation #
entry in the Analyses @ Treeview.

For models with numerous influence assignments of the same type, potentially
un-necessary load generation can be avoided, and solution time can be saved,
by ensuring that ‘Create loading patterns’ is not selected on the main VLO
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dialog, to allow for only the most onerous loading patterns to be created from
the subsequent VLO onerous results table listings.

e The time taken to evaluate critical vehicle loading effects for a structure
depends upon the design code in use; the types and numbers of vehicles to be
considered; the number of lanes; whether any remaining areas exist after lane
loading is positioned according to particular design codes; the number of spans;
the mesh size; the values used for longitudinal and transverse load increments;
whether one-way or two-way vehicle direction is specified; and the number of
influence points to be evaluated. A good assessment of the time that will be
required to evaluate a particular loading scheme for a large number of influence
points can be achieved by initially timing how long it takes for just one
influence point to be evaluated and factoring by the number of influences
required.

Defaults Buttons

o Defaults buttons that are present on the main and many of the associated
Vehicle Load Optimisation dialogs will reset selected parameters and values to
their default settings.

Onerous Effects Table

For design codes supported by LUSAS TLO only, and when a VLO analysis is run, a
VLO onerous effects table can be optionally displayed which shows sorted results for
all chosen influences at nodes that are visible, with the most onerous result shown in
the first row of the table. For Direct Method Influences these values are due to traffic
loading for the specified load effect of interest at specified locations on the model. That
is, a single value direct from the LUSAS Traffic Load Optimisation facfility, without
the need for a further static solution.

In the onerous effects table a results tab is present for each <Influence attribute — Sign
— Design Case> group listed. This group is referred to as an 'Influence Design
Loadcase'. Load patterns can be created on a case-by-case basis if not already created
by means of the 'Create loading patterns' setting on the main VVLO dialog.
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2| USAS View: YLD Run 1 Infl [Mx] - Positive - Strengthl
Influence Assignment Mode Mz Caused by Create loading
1 Poirt & - (Surface 1) 127 224850 HLS3 |Loading created |
2 Pairt & - (Surface 2 127 224 775 HLS3 Create loading
3 Pairt 11 - (Surface 3 M3 22415 HLS3 Create loading
4 Pairt 11 - (Surface 21 113 224 112 HL33 Create [oading
5 Paoirt 12 - (Surface 3) 10 206 304 HLS3 Create [oading
B Paoirt 12 - (Surface 21 10 206037 HLS3 Create [oading
T Paoirt 7 - (Surface 17 23 205845 HLS3 Create [oading
g Paoirt 7 - (Surface 2 23 205 667 HLS3 Create [oading
9 [(105074, 79.8113,0.0) - (Element 57) a2 18914 HLS3 Create loading
10 |(10.5074, 79.5113, 0.00 - (Element 77) g2 189139 HLS3 Create loading
11 |(105074, 79.5113, 0.0) - (Element 75) g2 185912 HLS3 Create loading
12 |(10.5074, 79.5113, 0.00 - (Element 60) g2 1855 HLS3 Create loading
[4 4 B M| AFL(M) - Positive - Servicelll ) Infl (M) - Positive - StrengthI £ InFL (W) - Pasitive

On each results page, the following column headings are present:

a

Q

a

Influence Assignment The location (coordinate and feature/object type) of the
assigned DM or Reciprocal Influence attribute.

Node The node at which the assignment was made. Note that the Find context
menu option for the cells in this column will, when clicked, highlight the
corresponding node in the model View window by animating concentric
shrinking squares. This easily identifies the assignment location.

'‘Chosen results effect' For Direct Method Influence, this column is named
after the result entity component selected in the DMI attribute (e.g. Mx, Fz,
etc); the values in this column show the effect of the traffic loads at locations of
interest. For reciprocal influences, the column is named according to the
influence type (i.e. Shear/Moment/Reaction/Displacement).

Caused by states the name of the loading type which produced the most
onerous effect.

Create loading Creates loading entries in the Attributes & Treeview and a
loadcase in the Analyses (X Treeview that cause the onerous effect listed.

If the option to ‘Create loading patterns’ was chosen on the main VLO dialog, Loading

folders will additionally appear for each influence loadcase added to the Analyses
Treeview, and the VLO results table will show ‘Loading created’ alongside all
influence assignment entries. If ‘Create loading patterns’ was not selected on the main
VLO dialog the most onerous loading effects can be created individually by using the
‘Create Loading’ button that appears instead of the ‘Loading Created’ one.
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For the influences where no loading is produced by LUSAS TLO (because for the
specified location there aren’t any loads that can be placed to produce an adverse
effect), the 'Chosen results effect' and 'Caused by' cells will be empty.

Viewing, filtering and saving onerous effects tables

VLO onerous effects results tables can be re-displayed for all influences at any time by
selecting the View table results... context menu for a ® VLO Run entry in the
Analyses C] Treeview. A table for a single particular influence can be created %

double-clicking on the relevant onerous results table EZ entry in the Analyses
Treeview.

Results displayed in the tables can be filtered by selecting features or mesh objects of
interest in the view window. So, for instance, with table results displayed in one view
window, it is possible to select a line representing a span in a bridge in the model view
window and have the results table only display the results for the nodes in the elements
within that line. Similarly it is possible to select a surface representing a span of a slab
and view only the results for the nodes in the elements within that surface. Use the
Window > Tile facilities to see the onerous results table data and model view window
side-by-side. Column data can be sorted by clicking on column headers.

Table results for an active table can be saved to a spreadsheet using the File > Save as
Microsoft Excel menu item.

Usage

Once the onerous effects for each 'Influence Design Loadcase' have been obtained, and
if the option to ‘Create loading patterns’ was not chosen on the main VLO dialog, the
corresponding loading will need to be created on a case-by-case basis, if not already
done. Whilst generated loading patterns can be visualised, results are available only
after the VLO analysis has been solved. Once solved, the resulting loadcases should be
combined with self weight and factored accordingly to create design combinations.

Worked examples

e The use of the LUSAS Traffic Load Optimisation facility is described in the
worked example Bridge Slab Traffic Load Optimisation. See Application
Examples Manual (Bridge, Civil&Structural)

e The use of the Autoloader Vehicle Load Optimisation facility is described in
the worked example Grillage Load Optimisation.See Application Examples
Manual (Bridge, Civil&Structural)

e The use of Direct Method Influence attributes is described in the worked
example Vehicle Load Optimisation of a Box Beam Bridge. See Application
Examples Manual (Bridge, Civil&Structural)
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Supported Design Codes

Australia - AUSTROADS Settings

— Standard AUSTROADS optionz
v L44 loading VW T44 altemative ¥ Use cusping

= ze HIR aading I HLP320 vl Type of Foad I rban vl

. Loading combinations to be analysed
" Unity factar - Al loading will be unfactored

' Usze standard load factors - Loading combinations to be analysed

v Ulimate Lirmit State [ULS] [ Serviceability Limit State [SLS]

— Advanced AUSTROADS options

™ Edit advanced AUSTROADS code options Srlvancedl |
Drefaultz | ak. | Cancel | Help |

The following AUSTROADS options are available:

O L44 loading — Choose this option to load the structure with the standard L44
loading as specified in AUSTROADS clause 2.3.3. This loading consists of a
uniformly distributed load of 12.5kN/m for lengths up to 150m. This load will
be applied in conjunction with a 150kN concentrated load distributed over the
3m lane width. Note that the most adverse loading effect will be generated
based on the influence analysis. This may produce continuous or discontinuous
load patches.

O T44 alternative — Choose this option to load the structure with an alternative
T44 truck loading as specified in AUSTROADS.

O Use HLP loading — Choose from the Heavy Load Platform (HLP) loading
options shown on the drop-down list. For further information on these
loadings, refer to AUSTROADS clause 2.3.4

O Use Cusping — Specifies whether or not to apply cusping when working out
loadable areas. By default, this option will be selected.

O Type of Road - can be set to be Rural or Urban.
O Load combinations to be analysed can be either set to unity or the standard
loadcases can be chosen from the list as defined in AUSTROADS.

O Edit advanced AUSTROADS code options - further to the basic code options
provided on this dialog, Autoloader allows more advanced changes to the code
to be made. To access this functionality ensure that Use standard load factors
is chosen and the check box next to the label is selected and click on the
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Advanced button. Note that it is unlikely that these advanced options will be
required for the majority of work.

Australia AUSTROADS Advanced Settings

— Advanced AUSTROADS optiohs

v Change AUSTROADS partial load factors

SLS load factors I 0.0.00 ULS load factars I 1.0.00
™ Use altemative transverse lane increment ™ Use altemative lane width
_Transvelse lake I Lane width I
increment

[ Use alternative transverse range for abrnomal wehicles

Transverse range I

Change ALUSTROADS relationship between the carmageway width and the number
of notional lanes

Lane width table I

Defalts | 0K | Carncel Help

The following AUSTROADS advanced options are available for selection:

U Change AUSTROADS partial load factors - To use this option select the
check box next to the label and enter the new factors to be used. To deselect this
option ensure that the check box is not selected. By default, this option will be
deselected. Only two values for each loading combination are required. The
first value refers to L44/T44 loading only. The second value refers to the HLP
with L44/T44 or HLP only.

O Use alternative transverse lane increment — Specifies the increment interval
used when moving lanes across the carriageway within the AUSTROADS
standard. The smaller the increment, the more accurate the vehicle loading is
positioned on the carriageway. The larger increment, the more quickly the
Autoloader analysis will run. The default values if not selected in 0.25m. By
default, this option is deselected.

O Use alternative lane width — This option specifies the L44 lane width. The
default value used is 2.5m.

U Use alternative transverse range for abnormal vehicles — This defines a
range through which the centerline of the abnormal vehicle can travel for a
carriageway. If no transverse ranges are defined, then the abnormal vehicle is
tested in any position on any carriageway. If the transverse range is defined,
then the abnormal vehicle is considered within that range on that carriageway.

128



Vehicle Load Optimisation

If the transverse range is not defined for a particular carriageway, then the
abnormal vehicle will not be placed upon that carriageway. This is to account
for the lateral position of the HLP vehicle on the carriageway.

The first value indicates the carriageway number and the next two values
specify the range for testing the vehicle. For example, “1,2,4” indicates that the
abnormal vehicle will only be tested between 2m and 4m from the edge of the
first carriageway.

O Change AUSTROADS relationship between carriageway width and the
number of notional lanes. Each 3 values are taken as a lower limit, an upper
limit and a number of notional lanes. After calculating the carriageway width,
Autoloader works its way down the table, checking the calculated width against
the values in the table.

Australia AS5100-2 Loading

When using the country “Australia” and Design code “AS5100-2: 24007, road traffic
loading is generated with reference to:

O AS5100-2: 2004 Australian Standard, Bridge design, Part 2: Design loads.

O AS5100-7: 2004 Australian Standard, Bridge design, Part 7: Rating of existing
bridges
The scope of the vehicle load optimisation to AS5100 is restricted to vertical highway
traffic loading and global effects. Horizontal components, railway loads and pedestrian
loads are not currently included, although fatigue loading (AS5100-2 clause 6.9) is
included.

Australia AS5100-2 Optional Settings

The Optional Code Settings dialog allows selection of the design values (ULS, SLS,
Fatigue) and the load models (components from SM1600) required. Factors used in the
calculations may be viewed and modified if required, by accessing the Advanced
dialog.
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—Design values requied  ——— 7 5M1600 loads to include
LS [ A150
[~ sLs [T M1600  with WDL T
™ Fatigue [T 51600 with UDL T
[ HLP
Vehicle(s) [Nere _|
I | Flane assoniated hi B0
I | Flase assonisted 51600

”Advanced optionz

[V Edit advanced A55100-2 options Advanced.. |
Defaults | QK | Cancel | Help |

The following AS5100-2 options are available:

4

Design values required

The design values available on the dialog refer to AS5100-2 clauses 6.9 and 6.10 as
follows:

U ULS Factors are taken from the “Ultimate” column of Table 6.10(A) in clause
6.10. Since Heavy Load Platform Load has a different factor from other traffic
loads at the ultimate limit state, it is necessary for the factors in Table 6.10(A)
to be considered as part of the optimisation process.

O SLS Factors are taken from the “Serviceability” column of Table 6.10(A) in
clause 6.10. Since these factors are all unity, they do not affect the optimisation
process unless adjusted using the Advanced dialog.

U Fatigue As described in clause 6.9, fatigue design verifications require the
consideration of only A160 and M1600 truck loads, factored by 0.7.
Accordingly S1600 and HLP loads will not be available if the Fatigue design
case is the only case selected for analysis.

The dialog allows selection of one or more design values. The most onerous traffic
loading pattern appropriate to each selected design value will be determined, with load
factors included as appropriate.

Note

e In AS5100-2 clause 22, traffic loads are always considered together, as a
“single block”, when combined with loads from other sources. If the ULS, SLS
and Fatigue loadcases generated by the traffic load optimiser are combined with
other loads, it should be noted that the load factors described above are already
included within the optimised traffic loadcases.

130



Vehicle Load Optimisation

SM1600 Loads to Include

According to the design values selected, some or all of the SM1600 load models are
available to be included in the analysis. SM1600 load models are deemed mutually
exclusive, that is, a traffic load pattern may comprise several A160 loads in various
lanes, or several M1600 loads or several S1600 loads, but not a mixture of different
load types. As indicated in the section above, S1600 and HLP loads are typically only
available when ULS or SLS design values are requested.

O A160 axle load This is a single axle of 2m width positioned centrally within the
3.2m lane width as described in AS5100-2 clause 6.2.2. A dynamic factor
applies when considering ULS, SLS or Fatigue (clauses 6.7.1 and 6.9).
Consistent with other traffic loads, the wheel loads are treated as discrete point
loads rather than being defined with a contact area.

O M1600 moving traffic load This is formed from a uniformly distributed lane
load spread over the full width of the lane and placed in adverse areas, and a
“M1600 truck” vehicle (four tri-axle groups with one variable axle spacing)
which superimposes on the UDL as set out in AS5100-2 clause 6.2.3. The
M1600 truck is used without UDL for Fatigue design verifications; additionally
an option is provided to switch off UDL for all design values if required. A
dynamic factor applies when considering ULS, SLS or Fatigue (clauses 6.7.1
and 6.9). An “M1600 tri-axle group” vehicle is also considered, identifying
when this vehicle is more onerous than the full M1600 moving load. A different
dynamic factor applies for this configuration of the M1600. (see Table 6.7.2).

O S1600 static traffic load This is formed from a uniformly distributed lane load
spread over the full width of lane and placed in adverse areas, and a “S1600
truck” vehicle (four tri-axle groups with one variable axle spacing) which
superimposes on the UDL as set out in AS5100-2 clause 6.2.4. The dynamic
allowance is zero, in line with Table 6.7.2, unless adjusted manually using the
Advanced dialog. An option is provided to switch off UDL for all design values
if required.

O HLP (Heavy Load Platform) Where specified by an authority a HLP320 or a
HLP400 may be required, as per AS5100-2 clause 6.3. These vehicles always
straddle two lanes and are placed near the centre of the lanes straddled; to
account for errors in the positioning of actual vehicles, the most onerous
location within 1.0m of the central position is identified. All other loads are
excluded from the straddled lanes but M1600 or S1600, factored at 0.5, is
placed in any unobstructed design lanes. See the note below on HLP lane
restrictions where necessary. AS5100-7 clause A2.2.4 (vi) allows the central
axle spacing to vary from the 1.8m standard, to a gap of between 6m and 15m,
for continuous bridges. Within the traffic load optimiser this variable spacing
has been conservatively included for single span bridges also. A dynamic factor
applies when considering ULS, SLS or Fatigue (clauses 6.7.1 and 6.9); note that
the dynamic factor for M1600 or S1600 in the unobstructed lanes has been
interpreted by LUSAS to be the same as it would be without the HLP load
present.
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O Vehicle(s) Clicking the “...” button allows selection of one or more HLP
vehicles. HLP320 and HLP400 vehicles are described in AS5100-7 clause
A2.2.4, formed of 16 axles with a fixed axle spacing of 1.8m and are of 3.6m
and 4.5m overall width respectively. See Australia AS5100-2 HLP Vehicle
Selection for more details.

U Place associated M1600 This check box may be unchecked in order to obtain a
result for HLP vehicles alone or HLP vehicles with S1600 only, however, the
default is for associated M1600 to be included. In certain cases, it may be
required to place associated M1600 loads in the absence of a selected HLP
vehicle: see the note below on HLP lane restrictions.

O Place associated S1600 This check box may be unchecked in order to obtain a
result for HLP vehicles alone or HLP vehicles with M1600 only, however, the
default is for associated S1600 to be included. In certain cases, it may be
required to place associated S1600 loads in the absence of a selected HLP
vehicle: see the note below on HLP lane restrictions.

The road carriageway is divided into standard design lanes (3.2m wide) according to
AS5100-2 clause 6.5. This will result in a “remaining width” for any carriageways of
width not an integer multiple of 3.2m. The lanes are positioned laterally on the bridge
to produce the most adverse effects, with the remaining width being placed either side
of the lanes or between any of the lanes so as to produce the most onerous arrangement.

Lane factors for A160, M1600 and S1600 load models are according to Table 6.6 or as
set in the Advanced dialog, and are allocated so as to produce the most adverse load
effect. Where HLP loading is applied according to AS5100-2 clause 6.3, lane factors
do not seem to be applicable to the straddling HLP vehicle or to the accompanying
M1600 or S1600, which is factored at 0.5. On this understanding, and with reference to
AS5100-7 clause A2.2.6, lane factors are not used with HLP loading.

HLP lane restrictions

HLP vehicles in specific lanes. AS5100-2 clause 6.3 indicates that the two lanes which
the HLP vehicle straddles may be specified by the authority. By default, the HLP will
be placed in the most adverse position, using any possible lane arrangements as
determined using clause 6.5. While not a strict implementation of clause 6.3, this is
conservative and eliminates the need to identify the HLP lanes.

If it is required to restrict the placement of HLP to two specific lanes, two runs of the
traffic load optimiser can be used. The first run would consider a notional carriageway
only two lanes wide positioned as required for placement of the HLP vehicle only. The
second run would use one or more carriageways for placement of the “accompanying”
M1600 or S1600 only. Superposition of the results from the two runs using
combinations will obtain the combined effects of the HLP and accompanying traffic
loads.
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Load models excluded from this dialog

The W80 load of AS5100-2 clause 6.2.1 is a single heavy wheel applied anywhere on
the carriageway. It is for local verifications only and therefore is deemed outside the
remit of the traffic load optimiser, which is intended for the generation of traffic load
patterns applicable to global bridge deck analyses.

Advanced options

O Edit advanced AS5100-2 options - See Australia AS5100-2 Advanced Settings

Australia AS5100-2 Advanced Settings

This dialog is used to view and modify dynamic factors, lane factors, load factors, the
HLP reduction factors and to request additional output.

Australian A55100-2 Advanced Settings
r— Optional parameters
¥ Include dynamic allowance
¥ Change dynamic factors |D, 0,000
¥ Check lane factors |D, 0.0
¥ Change LILS factars Jo.0.0,0
¥ Change SLS factors IU, 0.0.0
¥ Change fatigue factars IU, 1}
[ Change HLP S#1600 reduction factor |D
[ Output for each load group

Defaults | 0K I Cancel | Help |

Using the checkboxes factors may be entered manually to suit project requirements.

Q Include dynamic allowance (Selected by default) Dynamic load allowances are
required to be included for ULS, SLS and Fatigue design verifications
according to AS5100-2 clause 6.7. These are incorporated by default but may
be excluded by unticking this check box.

O Change dynamic factors Dynamic factors are listed for each load model in
turn: A160, M1600 (triaxle group), M1600, S1600, HLP. Default values are
derived from AS5100-2 Table 6.7.2 by adding unity to the “allowance” in the
table.

O Check lane factors Lane factors are listed in descending lane rank: ALF,
ALF,, ALF; where the subscript numbers correspond to the humbering in the
notes under AS5100-2 Table 6.6. ALF; is used for the third lane and all
subsequent lanes. Default values are from Table 6.6.
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U Change ULS factors ULS factors are listed for each load model in turn: A160,
M1600, S1600, HLP. Default values are from AS5100-2 Table 6.10(A),
“ultimate” column.

U Change SLS factors SLS factors are listed for each load model in turn: A160,
M1600, S1600, HLP. Default values are from AS5100-2 Table 6.10(A),
“serviceability” column.

O Change fatigue factors Fatigue factors are listed for each applicable load
model in turn: A160, M1600. Default values are from AS5100-2 clause 6.9.

O Change HLP SM1600 reduction factor This factor is used to reduce
accompanying M1600 and accompanying S1600 loads according to AS5100-2
clause 6.3. The default value, as per that clause, is 0.5.

O Output for each load group By default, the most onerous load patterns
returned to the model after the optimisation process are based on a comparison
of all selected load models (including any HLP load patterns). If it is desirable
to view the most onerous of each load group (HLP and SM1500), this check
box should be used.

O Defaults This button resets all values back to the default according to AS5100-
2.

Australia AS5100-2 Advanced Settings HLP Vehicle
Selection

Yehicle Selection

W HLP30
[T HLP4OD

QK. I Cancel | Help |

The Optional Code Settings dialog is accessed from the HLP Vehicle Selection dialog.

Where specified by an authority a HLP320 or a HLP400 may be required, as per
AS5100-2 clause 6.3. See Australia AS5100-2 Advanced Settings for details.

e To add or remove these vehicles check/uncheck the tick boxes and press OK
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Canada CAN/CSA-S6-06 (Design) Optional Code

Settings
When the country 'Canada’ and Design code 'CAN/CSA-S6-06 (Design)', is selected on

the main Vehicle Load Optimisation dialog, road traffic loading is generated with
reference to CAN/CSA-S6-06 Section 3.

Scope

The scope of the vehicle load optimisation to CAN/CSA-S6-06 is restricted to vertical
highway traffic loading and global effects. Horizontal components, railway loads and
pedestrian loads are not currently included.

The road carriageway is divided into a number of equal width lanes as per CAN/CSA-
S6-06 Table 3.4, which includes a check for the most onerous of 2 or 3 lanes for
carriageway widths between 10.0m and 13.5m.

CAN/CSA-SE-06 [Design) [x]

—FResultz required ——— [~ Loading required
" Patterns only [no global factors) Design loading ICL-W' Truck & CLA Lanej
I= | Desianloading Truck tupe ICL-W Truck j
™ Eingle Tuchk

Tk gross load [ |625 kN
&' Patterns with global factors

¥ ULS Combination 1 —Advanced optiors
¥ 1IL5 Combination 2 I Edit advanced options Bdvanzed.. |
¥ ULS Combination 3
¥ 5LS Combination 1
¥ 5LS Combination 2
¥ FLS Combination 1

Defaults | 0k | Cancel | Help I

The Optional Code Settings dialog allows selection of the combinations and loads
required. Factors used in the calculations may be viewed and modified if required, by
accessing the Advanced Settings dialog.

Results required

Loading patterns are available either globally factored (i.e. with a Load Factor for a
Limit State to CAN/CSA-S6-06 Table 3.1, or optionally edited in the Advanced
Settings dialog) or unfactored as follows:

Q Patterns only (no global factors)
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e Design loading - Loading to clause 3.8.4.1 (d) - truck load increased by the
dynamic load allowance or the lane load, whichever produces the
maximum load effect

e Single Truck - Loading to clause 3.8.4.1 (c) - one truck only, placed at the
centre of one travelled lane

U Patterns with global factors

e ULS Combination 1/ ULS Combination 2 / ULS Combination 3/ SLS
Combination 1 - as per Design loading pattern but with the relevant global
factor from CAN/CSA-S6-06 Table 3.1

e SLS Combination 2 / FLS Combination - as per Single Truck pattern but
with the relevant global factor from CAN/CSA-S6-06 Table 3.1

The dialog allows selection of one or more combinations. The most onerous traffic
loading pattern appropriate to each selected combination will be determined, with load
factors included as appropriate.

Loading required

U Design loading - CL-W loads to include. For combinations other than Single
Truck patterns, this gives the option to consider only Truck loading, only Lane
loading, or both. If both are selected, the most onerous is output for each
influence/combination - as per commentary on CAN/CSA-S6-06, clause
C3.8.4.2, "Simultaneous loading of different design lanes by truck and lane load
need not be considered.”

O Truck type. This option allows the selection of the CL-W distribution (to
CAN/CSA-S6-06 clause 3.8.3.2), a CL-W-ONT distribution (derived from the
CL-625-ONT distribution to CAN/CSA-S6-06 Annex A3.4) or a BCL-W
distribution (derived from the BCL-625 distribution to British Columbia
Ministry of Transportation and Infrastructure - Bridge Standards and
Procedures Manual VVolume 1 Figure 3.2a).

O Truck gross load (W). This setting allows the gross load of the selected Truck
to be entered.

Modification factors for multi-lane loading are applied as per CAN/CSA-S6-06 Table
3.5, or optionally edited via the Advanced Settings dialog. The optimisation process
takes account of these factors when calculating the most onerous load effect, such that
every lane may not be loaded.

The dynamic load allowance to CAN/CSA-S6-06 clause 3.8.4.5.1 (or optionally edited
via the Advanced Settings dialog) is applied to all Trucks, except for Single Truck
loading to clause 3.8.4.1 (c) or when it forms part of lane loading to clause 3.8.3.3. The
optimisation process takes account of the dynamic load allowance when calculating the
most onerous load effect, such that axles may not be used even when they are adverse.
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A Defaults button is provided to reset all values back to those specified in CAN/CSA-

S6-06.

China - JTG D60-2004 settings

— Standard JTG DEQ-2004 options
[+ Use automobile Inading [ One way traffic

[ Use lane loading ¥ | se KEL [nading

Bridge Span [m) I <] = toment effest ) Shear effest

_ Loading combinations to be analyzed

%" Uriity factar - All loading will be unfactared

™ Use standard load factars - Loading combinations to be analysed

¥ | Highsayd = | Highisay| = Highweaydl| Eaurth arade:

— Advanced JTG DED-2004 options

= Edit advanzed, TiE DEIZ002 cods aptions Ldvanced.,. |
Drefavilts | Ok, | Cancel | Help |

The following JTG D60-2004 options are available for the selection:

Q

Q

Use automobile loading — Choose this option to load the structure with the
standard automobile arrangement as specified in JTG D60-2004 Table 4.3.1-2

Use lane loading — This option will apply lane loading as specified in JTG D60-
2004 clause 4 - 1).

Knife edge loading (KEL) - Choose to also apply the knife edge load. Choose
the effect required by the KEL as either moment or shear. The KEL will be
factored by 1.2 for the shear effect option. The bridge span is required to
calculate the intensity of the KEL.

Loading combinations to be analysed can be either set to unity or the standard
loadcases can be chosen from the list.

Edit advanced JTG D60-2004 code options - further to the basic code options
provided on this dialog, Autoloader allows more advanced changes to the code
to be made. To access this functionality ensure that the use standard load factors
is chosen and the check box next to the label is selected and click on the
Advanced button. However, note that it is unlikely that these advanced options
will be required for the majority of work.
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China JTG D60-2004 Advanced Settings

— Advanced JTG DED-2004 options

™ Use altemative vehicle to v in place of automabile loading

File cantaining list of | Yehicles I ,l
alternative wehicles

[ Change TG DE0-2004 load factors

Highirwa-| I Highiwa-1l I Highway-l arade I

lmad factar lmad Factor 4 load factor

Change JTG DED-2004 relationzhip between the carriageway width and the number of
notional lanes

Lane width
table

Defaults | oK | Cancel Help

The following JTG D60-2004 advanced options are available for selection:

U Use Alternative vehicle - defines a list of vehicles to be tried as an alternative
to automobile loading. When loading a lane, Autoloader tries to place vehicles
from this list within the lane. Each vehicle must be specified in the Chinese
Autoloader vehicle library. By default this option is deselected.

U Change JTG D60-2004 Partial Load factors - To use this option select the
check box next to the label and enter the new factors to be used. By default this
option is deselected.

U Change relationship between carriageway width and the number of
notional lanes. Each 3 values are taken as a lower limit, an upper limit and a
number of notional lanes. After calculating the carriageway width, Autoloader

works its way down the table, checking the calculated width against the values
in the table. By default this option is deselected.

Eurocode Traffic Loading

Traffic loading on bridges to the Eurocodes is specified in two main documents:

0 EN1991-2:2003 Eurocode 1: Actions on structures — Part 2: Traffic loads on
bridges

U EN1990:2002 +A1:2005 Eurocode: Basis of Structural design

However, the Eurocodes allow a choice of safety related parameters and of certain
country-specific data, known collectively as Nationally Determined Parameters
(NDPs), which are published in National Annexes that accompany each Eurocode part.
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National Annexes supported

Selecting one of the available National Annexes on the main Vehicle Load
Optimisation dialog sets default values for NDPs (oo, o, W) and offers traffic load
options (e.g. traffic classes, Load Model 3 special vehicles and complementary load
models) appropriate to that National Annex. Values may, in any case, be modified to
meet specific requirements through the options on the various dialogs.

The following National Annexes are currently supported by LUSAS Traffic Load
Optimisation software by first picking the Europe country option:

Q Ireland

Italy

Poland
Recommended Values
Sweden

a UK

The Recommended Values option sets defaults and offers traffic options based only on
recommendations in the main Eurocode documents. This option, with or without
modification of values, may be of particular use for countries where a National Annex
is not yet published or not yet supported.

0000

Notes

e The scope of the vehicle load optimisation to Eurocodes is the same as for
previously implemented codes of practice, that is, restricted to vertical highway
traffic loading and global effects. Railway loads and fatigue loading are not
currently included.

EN1991-2 Representative Optional Code Settings

This is a representative dialog for all countries supported. The options available on the
dialog depend upon the design code and National Annex supported.
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EN1991-2 (Representative Code Settings Dialog)
— Representative values required — | [ Load groups to include
|w  Characteristic |v Group 1a- L1
[v Combination [psid) |v Group 4 - L4
v Frequent (psil] [v Complementary load model
1= Guasipemanent (msi2] Diynamic amplification (additional) |35— %
Vehiclels] IT_l,lpe a. Type b, Typec. Typ _I
[~ Group & -LM3
Vehiclefs) | ]
= [ Incliude assaniated L

Use reduction factor on Edit advanced
[ LM1 T§ [for transient [~ EM1991-2/EN1390 Advaneed.. |

dezign verifications only) optiahs

ICIass 1 j
Defaults | Ok | Cancel | Help |

The Optional Code Settings dialog allows the Representative Values required to be
selected and the Load Groups that are to be included defined. Factors used in the
calculations may be viewed and modified by accessing the Advanced dialog.

”Traffic clazs for LM1

Representative values required
The various levels of Representative Values in the Eurocodes are represented on this
dialog as follows:

U Characteristic values See EN1990:2002 clause 1.5.3.14. Characteristic traffic
actions are defined by Table 4.4a in EN1991-2:2003. This includes Group 1a
(LM1 with no y value used) and Group 5 (generally LM3 with no y value
together with LM1 with y, — but depends on National Annex). Characteristic
values are used in for the leading variable action (Q«.) in ULS design checks
(EN1990 equation 6.9a) and Irreversible SLS checks (equation 6.14a).

O Combination values Combination traffic actions are defined by use of y, from
EN1990 table A2.1 (See EN1990 clause 1.5.3.16). It should be noted that v, for
Group 5 is zero, therefore the Optional Code Settings dialog identifies Group 1a
(LM1) loading alone as appropriate for the Combination case. Combination
values are used for the accompanying variable action (Qx;) in ULS design
checks (EN1990 equation 6.9a) and Irreversible SLS checks (equation 6.14a).

O Frequent values Frequent traffic actions are defined by Table 4.4b in EN1991-
2 or by use of y; from EN1990 table A2.1 (See EN1990 clause 1.5.3.17) — these
two Sources are in harmony. It should be noted that v, for Group 5 is zero,
therefore the Optional Code Settings dialog identifies Group 1a (LM1) loading
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alone as appropriate for the Frequent case. Frequent values are used for the
leading variable action (Qx.) in reversible SLS checks (equation 6.15a).

O Quasi-permanent values Defined by use of v, from EN1990 Table A2.1 (See
EN1990 clause 1.5.3.18). In all the National Annexes currently implemented
and in the Recommended Values settings v, is zero for all traffic actions,
therefore Quasi-permanent cases cannot be defined in the Optional Code
Settings dialog.

The dialog allows selection of the Representative Values for which the most onerous
effect will be calculated.

Notes

e EN1991-2 does not refer to Combination values specifically; presumably the
assumption is that traffic will never be an accompanying action but always a
leading action. However the combination values are defined adequately using
EN1990 Table A2.1 v, values and are therefore available should they be
required.

Load Groups to include

According to the Representative Values selected, one or more Load groups are
available to be included in the analysis. As indicated in the section above, Group 5
loads are typically only available when the Characteristic Values are being sought. The
dialog includes only the Load Groups from EN1991-2 Table 4.4a and 4.4b that are
relevant:

O Group 1 comprises Load Model 1 (LM1) tandem system and uniformly
distributed loads with the appropriate o, y and transient factors where
appropriate. Note that for global analysis the tandem system is placed on the
centreline of the lane (EN1991-2 clause 4.3.2(1)(a)), however the simplified
rules in 4.3.2(6) are not used. Complete tandem systems are used (EN1991-2
clause 4.3.2(1)(a)) and the most onerous length of lane for application of the
uniformly distributed load is determined for each lane in turn by integration of
the influence surface across the lane width. Footway, cycle track and horizontal
loads are excluded from the scope of the optimisation facility.

O Group 4 comprises Load Model 4, which represents Crowd loading - see
EN1991-2 clause 4.3.5. Crowd loading is applied in the carriageway area;
footway and cycle track loads are excluded from the scope of the optimisation
facility.

O Complementary load model Options associated with complementary load
models will be available where such a load model is specified in the selected
National Annex, according to the Representative Values for which that load
model applies.

O Group 5 is relevant only for Characteristic Values and comprises LM3 (special
vehicles) combined with LM1 reduced according to rules given in the National
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Annex, or — in the case of the Recommended Values option — rules given in the
informative Annex A to EN1991-2.

O Vehicle(s) Clicking the _l button allows selection of one or more special
vehicles as defined in the selected National Annex.

O Include associated LM1 This check box may be unchecked in order to obtain a
result for LM3 special vehicles alone, however, the default is for LM1 to be
included.

For all load groups, the lane division is according to EN1991-2 Table 4.1, with the
remaining area (EN1991-2 clause 4.2.5(2)) being placed either side of the lanes or
between any of the lanes in the carriageway area to produce the most onerous
arrangement. Likewise, lane ranking is so as to produce the most onerous effect for the
influence under consideration (as EN1991-2 clause 4.2.4(2)).

Reduction factor for transient design verifications
EN1991-2 clause 4.5.3(2) may be invoked with this check box if required.

Traffic Class for LM1

As per EN1991-2 clause 4.3.2 (3) note 2, some National Annexes require a traffic class
to be specified for the selection of aQ and aq factors. Where this is the case, the
“Traffic Class” box appears on this dialog: for National Annexes where no traffic
classes are specific, and for the Recommended Values option, the “Traffic Class” box
does not appear on the dialog. See the notes for the relevant National Annex for more
information.

Load Groups excluded from appearing on this dialog

U Group 1b comprises only Load Model 2 which is for local verifications (“short
structural members” to EN1991-2 clause 4.3.1(2)(b)) and so is excluded from
the scope of the traffic load optimiser and does not appear on this dialog.

U Group 2 is relevant only for the Characteristic Values and comprises LM1
(with smaller y factors compared to Group 1a) together with horizontal forces.
Since horizontal forces are excluded from the scope of the traffic load
optimisation software, Group 2 cannot dominate Group 1a and accordingly does
not appear on this dialog. Users who wish to combine traffic load patterns with
horizontal forces determined outside of the optimisation facility can obtain
Characteristic Group 2 results by using Frequent Group 1a, which uses the same
factors.

U Group 3 comprises footway and cycle track loads only, which are excluded
from the scope of the optimiser and so Group 3 does not appear on this dialog.

EN1991-2 Optional Code Settings Advanced

A representative dialog for all countries supported is shown. Options available depend
upon the design code and National Annex supported.
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({Representative Advanced Settings Dialog) E

—Optional parareters
[ Change LM1 UDL alpha factors IU.?.'I, 1.1.1

[ Change L1 TS alpha factars |D.9, 03,0

[ Change L1 DL psi factors IEI.4, 0.4
[~ Change L1 TS psi fachors IU.?5. 0vs
I | Ehange L4 e tactar |D

[ Change complementary load model psi factors IEI.?S, 0ws
[ Change complementary load model values [4.E.q) I'IBU, 300, 5

[ Dutput for each load group

Eurocode defaults | Annex defaultz |

ok I Cancel | Help |

The Optional Code Settings Advanced dialog is used to view and modify oo, 0 and v
factors or parameters associated with national complementary load models (if
applicable) and to request additional output.

O Adjustment factors () for Load Model 1 UDL are in the format o, 0, O, Ogn,
Ol
O Adjustment factors for Load Model 1 Tandem System are in the format g, Oz,
0gs
The numerical subscripts in the above denote lane rank, starting with lane 1 (see
EN1991-2 clause 4.2.4(4)).

O Multi-component () factors for Load Model 1 UDL and Tandem Systems are
in the format: yo, v.

For countries where the National Annex specifies a complementary load model under
EN1991-2 clause 4.2.1(1) Note 2, additional options such as axle loads and multi-
component factors may be given in this dialog. See the notes for the relevant National
Annex for more information.

By default, the most onerous load patterns returned to the model after the optimisation
process are based on a comparison of all selected Load Groups (including any
complementary load model). If it is desirable to view the most onerous of each load
group, the Output for each load group check box should be used.

The Eurocode defaults and the Annex defaults buttons permit the viewing of
Recommended Values from EN1991-2 or the values stated in the National Annex
selected on the main dialog (apart from when the “Recommended Values” option was
selected from the main dialog). Using the checkboxes factors may also be entered
manually to suit project requirements.In some cases values may be modified to suit
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national requirements until a particular National Annex is fully implemented and
available for those countries not currently supported.

EN1991-2 Special Vehicle Selection
¥ehicle Selection [_[3] =]

5100
SW196
SOV250
SOW350
SOv450
SOvEOD

[ I A

QK | Cancel | Help I

By clicking the —l button on the Optional Code Settings dialog a Special Vehicle
Selection dialog is displayed. This allows the selection of one or more special vehicles
appropriate to the previously chosen National Annex or, where relevant, the EN1991-2
informative Annex A.

See the notes for the relevant National Annex (or "Recommended Values" for more
information).

Optional Loading Parameters (all LUSAS TLO
supported countries)

Yehicle Load Optimisation - Options

ehicle options

Longitudinal increment (0,25 m
Transverze increment IU.25 m

Wehicle direction IForward 'I
Defaults | kK I Cancel | Help |

The optional loading parameters dialog allows longitudinal and transverse increments
to be set which will determine the accuracy with which the most onerous load locations
are calculated. A smaller increment will result in higher accuracy but with an extended
processing time.
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Vehicle direction (for non-symmetric special vehicles) may be given as Forward,
Reverse or Both. The default is Both. Symmetric vehicles are not affected by this
setting (and therefore the analysis is run only once for symmetric vehicles).

Notes on implemented National Annexes

Notes relating to the implementation of the National Annexes are provided for the
following European EN1991-2 design code options:

Q Ireland

a ltaly

Q Poland

0 Recommended Values
O Sweden

a UK

EN1991-2 Optional Code Settings - Ireland

Selecting EN1991-2 Ireland 2010 on the main Vehicle Load Optimisation dialog sets
default values for NDPs and offers traffic load options according to Irish National
Annexes published under the authority of the NSAI. Traffic loading on bridges to the
Eurocodes is specified in two main documents:

e NAto IS EN1991-2:2003 (effective from 9 September 2009)
e NAto IS EN 1990:2002+A1:2005 (effective from 29 March 2010)

Load model 1

Adjustment factors for Load Model 1 (aq, a,) are taken from NA to IS EN1991-2 Table
NA.1. According to EN1991-2 clause 4.3.2 (3) Note 2, adjustment factors may
correspond to classes of traffic. However, the adjustment factors in Table NA.1 are not
dependent upon a selected traffic class and accordingly no traffic class options are
offered on the dialog.

Load model 3

e Load Model 3 special vehicles (three SV and four SOV model vehicles) are
described in the NA to IS EN1991-2 Fig NA.1 to NA.3 inclusive. One or more
vehicles may be selected for use in the calculation of the most onerous load
pattern. The selected vehicles are considered one at a time, being placed,
together with associated Load Model 1 (switched on by default) according to
the rules set out in clause NA.2.16.3.

e FEach SV has a central axle spacing that varies (3 possible values). All such axle
spacings are considered in calculation of the most onerous load effect. Each
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SOV has an axle spacing that varies continuously from 1.5 to 40m. By default,
this axle spacing is calculated to an accuracy set in the Optional Loading
Parameters dialog.

e Dynamic amplification factors (Table NA.2) are included in the calculation of
the most onerous Group 5 load pattern and the wheel loads are accordingly
factored within the vehicle (discrete point) loading attributes generated when
the optimisation process is complete.

e When Group 5 is included, the SV80 is selected as a default. This vehicle is
intended to model the effects of typical abnormal vehicles with a maximum
gross weight of 80 tonnes and a maximum basic axle load of 12.5 tonnes
(NA.2.16.1.1). Project requirements would dictate if this is the appropriate
vehicle and the vehicle selection may need to be adjusted or expanded.

Complementary load model

According to EN1991-2 clause 4.2.1(1) Note 2, a complementary load model may be
specified in the National Annex. No such complementary load model is described in
the Irish National Annex.

Psi factors

Multi-component () factors are taken from NA to IS EN1990 Table NA.7. Infrequent
values are not required (NA.2.3.3.1) and quasi-static values are not calculated since y,
is given as zero for all traffic loads (Table NA.7). Group 4 loading is not included in
the calculation of Frequent values (Note (2) to Table NA.7).

Restrictions on use

The traffic load models in EN1991-2 are applicable for bridges with loaded lengths less
than 200m (clause 4.1(1)). In general the use of Load Model 1 is conservative for
loaded lengths over 200m (4.1(1) note 1). The Irish National Annex states that Load
Model 1 may be used for loaded lengths up to 1500m (NA to IS EN1991-2 clause
NAZ2.6) and no information on load models appropriate beyond that length is given.
Calculation of the most onerous load pattern will proceed regardless of the loaded
length and therefore patterns generated may be inappropriate for very long loaded
lengths.

EN1991-2 Optional Code Settings - Italy

Selecting EN1991-2 Italy 2007 on the main Vehicle Load Optimisation dialog sets
default values for NDPs and offers traffic load options according to Italian National
Annexes published by UNI:

e UNI-EN-1991 - 2 — Eurocodice 1 — Azioni sulle strutture — Parte 2 —
Carichi da traffico sui ponti: Appendice nazionale (27 luglio 2007)
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e UNI-EN-1990 - Criteri generali di progettazione strutturale — Appendice
A2 — Applicazioni ai ponti: Appendice nazionale (27 luglio 2007)

Load model 1

Adjustment factors for Load Model 1 (ao, a4) correspond to traffic class is view of
EN1991-2 clause 4.3.2 (3) note 2. Selecting traffic class 1 or class 2 on the dialog
results in adjustment factors of 1.0 or 0.8 respectively in accordance with UNI-
EN1991-2.

Load model 3

In relation to EN1991-2 clause 4.3.4(1), the Italian National Annex states “When
significant, use the special vehicles and rules for application provided in Annex A
(informative)”. Accordingly, Load Model 3 special vehicles are taken from EN1991-2
Annex A (informative) Tables Al and A2. The notes and restrictions for this load
model described under “Recommended Values” also apply to EN1991-2 Italy.

Complementary load model

According to EN1991-2 clause 4.2.1(1) Note 2, a complementary load model may be
specified in the National Annex. No such complementary load model is described in
the Italian National Annex.

Psi factors

Multi-component (y) factors are taken from EN1990 Table A2.1 since the Italian
National Annex states that the recommended values should be adopted. Infrequent
values are not required (A2.2.2(1) note) and quasi-static values are not calculated since
y2 is given as zero for all traffic loads (EN1990 Table A2). Group 4 loading is not
included in the calculation of Frequent values for the reason described under
“Recommended Values”.

Restrictions on use

The traffic load models in EN1991-2 are applicable for bridges with loaded lengths less
than 200m (clause 4.1(1)). In general the use of Load Model 1 is safe-sided for loaded
lengths over 200m (4.1(1) note 1). The Italian National Annex defines a load model
which is less conservative than Load Model 1 for structures with loaded lengths >
300m. This alternative Load model is not implemented. Calculation of the most
onerous load pattern will proceed using the selected EN1991-2 load models regardless
of the loaded length and therefore patterns generated may be over-conservative for very
long loaded lengths.

EN1991-2 Optional Code Settings - Poland

Selecting EN1991-2 Poland 2008 on the main Vehicle Load Optimisation dialog sets
default values for NDPs and offers traffic load options according to recommendations
in EN1991-2 and EN1990, and offers Load Model 3 Special Vehicles from the

147



Application Manual (Bridge, Civil & Structural)

informative Annex A to EN1991-2. This is because PN-EN 1991-2:2007 and PN-EN
1990:2004/A1:2008 published by PKN state that European Norms have the status of
Polish Norms, with no modification from the English version of the European Norms.

All notes on “Recommended Values” are therefore also applicable to “EN1991-2
Poland 2008

EN1991-2 Optional Code Settings - Recommended

Values

Selecting EN1991-2 Recommended Values 2009 on the main Vehicle Load
Optimisation dialog sets default values for NDPs according to recommendations in
EN1991-2 and EN1990, and offers traffic load options from the informative Annex A
to EN1990, as per the CEN documents published by the British Standards Institute.

e BSEN 1991-2:2003 Eurocode 1: Actions on structures — Part 2: Traffic
loads on bridges, Incorporating Corrigendum No. 1 (published 15
December 2004)

e BSEN 1990:2002+A1:2005 Eurocode — Basis of structural design,
Incorporating corrigendum (published 30 June 2009)

The default values may be modified as necessary making the “Recommended Values”
option useful for countries where a National Annex is not yet published or is not yet
supported.

Load model 1

Adjustment factors for Load Model 1 (aq, a,) are taken as 1.0, based on EN1991-2
clause 4.3.2 (3) Note 1. With respect to Note 2; no traffic class options are offered on
the dialog but the adjustment factors may be modified in the optional code settings
“advanced” dialog.

Load model 3

e Load Model 3 special vehicles are taken from EN1991-2 Annex A
(informative) Tables Al and A2. Each table lists 17 vehicles, however a
conflict in the last lines of the two tables means that effectively 18 vehicles are
described and accordingly there are 18 vehicles of fixed axle spacing listed in
the dialog. One or more vehicles may be selected for use in the calculation of
the most onerous load pattern. The selected vehicles are considered one at a
time, being placed together with associated Load Model 1 (switched on by
default) according to the rules set out in clause A.3 considering low speed
transit only (clauses A.3(5) and A.3(7) are not applied).
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e When Group 5 is included, the SV1800200 is selected as a default. This vehicle
has a gross weight of 180 tonnes and an axle load of 20 tonnes, and is selected
only as an example — on the basis that the heaviest vehicles in the Annex are
exceptional and the least heavy are covered by the effects of Load model 1
(clause A.2 (2), note 2). Project requirements typically dictate the appropriate
vehicle and so the vehicle selection may need to be modified.

e Dynamic amplification (clause A.3(5)) is not used for low speed transit and so
is not included in the calculation of the most onerous Group 5 load pattern.

Psi factors

Multi-component () factors are taken from EN1990 Table A2.1. Infrequent values are
not currently implemented (note 2 under table A2.1 is not applied) and quasi-static
values are not calculated since v, is given as zero for all traffic loads (Table A2.1). In
EN1990 Table A2.1, the frequent value of Group 4 loading is indicated with v factor.
However in EN1991-2 Table 4.4a and 4.4b, Group 4 loading is not required in the
calculation of Frequent values. This conflict has been resolved by excluding Group 4
from the calculation of frequent values.

Restrictions on use

The traffic load models in EN1991-2 are applicable for bridges with loaded lengths less
than 200m (clause 4.1(1)). In general the use of Load Model 1 is conservative for
loaded lengths over 200m (4.1(1) Note 1). Calculation of the most onerous load pattern
will proceed regardless of the loaded length, and therefore patterns generated may be
inappropriate for very long loaded lengths.

EN1991-2 Optional Code Settings - Sweden
EN1991-2 Sweden 2009 and EN1991-2 Sweden 2011 are supported.

EN1991-2 Sweden 2009
Selecting EN1991-2 Sweden 2009 on the main Vehicle Load Optimisation dialog sets
default values for NDPs and offers traffic load options according to Swedish standards:

e Specifikation SIS/PAS NA, EN 1991-2:2003 Swedish National Annex NA to
Eurocode EN 1991-2:2003 — Traffic loads on bridges, Utgava 1 (First
Edition), Publicerad: maj 2007

e V/V2009:19 Updated rules for use of Eurocodes on highway projects;
Utkom fran trycket den 26 juni 2009

e VV2009:27 TK Bro; Datum 2009-07-01
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For the purpose of traffic loading optimisation, within the scope described above, the
Swedish National Annex to EN1991-2, published by SIS in May 2007, is considered
identical to V\V2009:19.

Load model 1

Adjustment factors for Load Model 1 (0Q, oq) are taken from SIS/PAS NA to EN
1991-2:2003 clause 4.3.2(3); the same values are given in VVFS 2009:19 Chapter 6,
clause 4, Tabell 7.1. According to EN1991-2 clause 4.3.2 (3) note 2, adjustment factors
may correspond to classes of traffic. However, the adjustment factors in the Swedish
documents are not dependent upon a selected traffic class and accordingly no traffic
class options are offered on the dialog.

Load model 3

Load Model 3 special vehicles. TK Bro VVV2009:27 clause B.3.4.1.3(e) states that other
load models do not apply. However SIS/PAS NA to EN 1991-2 clause 4.3.4(1) allows
for the client to specify values for the individual project; VVV2009:19 Chapter 6 clause
2 says the same. For flexibility, Load Model 3 Special Vehicles from EN1991-2 Annex
A (informative) Tables Al and A2 are available (although Group 5 is switched off by
default). The notes and restrictions for this load model described under Recommended
Values also apply to EN1991-2 Sweden.

Complementary load model

According to EN1991-2 clause 4.2.1(1) Note 2, a complementary load model may be
specified in the National Annex. SIS/PAS NA to EN1991-2 describes a Swedish
complementary load model; TK Bro VV2009:27 clause B.3.4.1.3(d) refers to
VV2004:43 (superseded by VV2009:19) and VV2009:19 Chapter 6, clause 3 (page 13)
repeats the information from the SIS/PAS National Annex.

e The Swedish complementary load model consists of 12 vehicles (type a to type
I inclusive). One or more vehicles may be selected for use in the calculation of
the most onerous load pattern. The selected vehicle types are considered one
type at a time. A single vehicle is placed in the most onerous lane (with lane
factor 1.0) with another vehicle of the same type placed in the second most
onerous lane (with lane factor 0.8). Uniformly distributed load (q) is placed in
adverse areas of lanes 1 and 2, if appropriate, and also in adverse areas of other
lanes.

e A number of the complementary load model vehicles have an axle spacing
which varies continuously from a stated minimum value, with no set maximum
value. By default, this axle spacing is calculated to an accuracy set in the
Optional Loading Parameters dialog. All complementary load vehicles have
axle width that may vary between 1.7 and 2.3m (measured to the centre of
action of each wheel load). By default the widths 1.7m, 2.0m and 2.3m are
tested and the most onerous used.

150



Vehicle Load Optimisation

e A dynamic amplification factor is applied to the vehicles (not the uniformly
distributed load, g) in the calculation of the most onerous Swedish
complementary load model pattern and the wheel loads are accordingly factored
within the vehicle (discrete point) loading attributes generated when the
optimisation process is complete. The dynamic factor entered on the dialog
should be calculated from the equation in SIS/PAS NA or VVV2009:19 Chapter
6, clause 3. The default value of 35% reflects the maximum allowable value.

e Using the Optional Code Settings Advanced dialog, it is possible to view and
modify the values used for A, B and q in the complementary load model.

e When the Swedish Complementary Load model is included, all 12 vehicles are
selected by default. This means that the most onerous of the 12 will be
identified so that the structural element under consideration can be “designed
for the type vehicle that causes the most unfavourable influence” (EN1991-2
clause 4.2.1(1) Note 2). The number of vehicles selected for the optimisation
may be reduced using the dialog provided, as appropriate to project
requirements.

e Itis noted that the Swedish complementary load model vehicles are identical to
the “classification loads” of VV2009:61 Clause 2.3.2.2.1 (and Annex 2).
However, for classification, VV2009:61 Clause 1.1.5.3 requires the engineer to
calculate the maximum values of load magnitudes “A” and “B” that can be
carried (also referring to VVV2009:62 (MB803) for exceptional loads). Such a
calculation is not automated, although values of A and B can be modified as
described above.

Psi factors

Multi-component () factors are generally taken from EN1990 Table A2.1 since the
note under VVFES 2009:19 Chapter 7, clause 5, Tabell A2.(S) states that “at least the
recommended levels apply”. Infrequent values are not required (SIS/PAS NA, EN
1991-2:2003 clause 2.2(2)) and quasi-static values are not calculated since v, is given
as zero for all traffic loads (EN1990 Table A2). Group 4 loading is not included in the
calculation of Frequent values for the reason described under “Recommended Values”.

Multi-component (y) factors for the Swedish Complementary load model are taken
from TK Bro VV2009:27 Clause B.2.1.2.2. Based on the values given (yo and y; but
v, =0), the complementary load model is included in the calculation of characteristic,
combination and frequent values, but quasi-static values are not required.

Obtaining most onerous load patterns

The most onerous load patterns returned to the model after the optimisation process are
based on a comparison of the Swedish complementary load model (using the selected
type vehicles) and any other selected Eurocode load models (Group 1a, Group 4, Group
5). If it is desirable to view the most onerous of each load group, the check box on the
Optional Code Settings Advanced dialog should be used.
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Restrictions on use

The traffic load models in EN1991-2 are applicable for bridges with loaded lengths less
than 200m (clause 4.1(1)). In general the use of Load Model 1 is conservative for
loaded lengths over 200m (4.1(1) note 1). In TK Bro VVV2009:27 clause B.3.4.1.3.(b) a
load model for bridges of span >200m is given, However, this alternative Load model
is not implemented. Calculation of the most onerous load pattern will proceed using the
EN1991-2 load models and the Swedish Complementary load model, as selected,
regardless of the loaded length and therefore patterns generated may be inappropriate
for very long loaded lengths.

EN1991-2 Sweden 2011

Selecting EN1991-2 Sweden 2011 sets default values for NDPs and offers traffic load
options according to Swedish standard:

e TRVFS2011:12 Updated rules for use of Eurocodes on highway projects
(Trafikverket, Oct 2011))

TRVFS2011:12 supersedes VVVV2009:19 for the implementation of highway traffic
loading to the Eurocodes in Sweden. However, in fact the implementation is as
described in “EN1991-2 Sweden 2009” above, except for the following modifications:

1. The Swedish complementary load model in TRVFS2011:12 Appendix 3
consists of 14 vehicles (type a to type n inclusive). Vehicle types a to | are as
VV2009:19; vehicles type m and n, with fixed axle spacings, have been added.

2.The dynamic amplification factor in TRVFS2011:12 Chapter 6, clause 3 is set
at a constant 20%. The default value reflects this change from the maximum of
35% in VV2009:19.

3. Multi-component (y) factors for the Swedish Complementary load model are
given in TRVFS2011:12 Chapter 7, clause 5 (previously these were only
found in TK Bro VV2009:27). However, values are identical in the two
documents.

EN1991-2 Optional Code Settings - United Kingdom

Selecting EN1991-2 UK 2009 on the main Vehicle Load Optimisation dialog sets
default values for NDPs and offers traffic load options according to UK National
Annexes published by BSI:

e UK NA to BS EN1991-2:2003 incorporating corrigendum No 1 (May 2008)

e UK NA to BS EN 1990:2002+A1:2005 incorporating National Amendment
No. 1 (June 2009)
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Load model 1

Adjustment factors for Load Model 1 (aQ, aq) are taken from NA to BS EN1991-2
Table NA.1. According to EN1991-2 clause 4.3.2 (3) note 2, adjustment factors may
correspond to classes of traffic. However, the adjustment factors in Table NA.1 are not
dependent upon a selected traffic class and accordingly no traffic class options are
offered on the dialog.

Load model 3

Load Model 3 special vehicles (three SV and four SOV model vehicles) are described
in NA to BS EN1991-2 Fig NA.1 to NA.3 inclusive. One or more vehicles may be
selected for use in the calculation of the most onerous load pattern. The selected
vehicles are considered one at a time, being placed, together with associated Load
Model 1 (switched on by default) according to the rules set out in clause NA.2.16.4.

Each SV has a central axle spacing which varies (3 possible values). All such axle
spacings are considered in calculation of the most onerous load effect. Each SOV has
an axle spacing which varies continuously from 1.5 to 40m. By default, this axle
spacing is calculated to an accuracy set in the Optional Loading Parameters dialog.

Dynamic amplification factors (Table NA.2) are included in the calculation of the most
onerous Group 5 load pattern and the wheel loads are accordingly factored within the
vehicle (discrete point) loading attributes generated when the optimisation process is
complete.

When Group 5 is included, the SV80 is selected as a default. This vehicle is intended to
model the effects of STGO Category 2 vehicles with a maximum gross weight of 80
tonnes and a maximum basic axle load of 12.5 tonnes (NA.2.16.1.1). Project
requirements would dictate if this is the appropriate vehicle and the vehicle selection
may need to be adjusted or expanded.

According to EN1991-2 clause 4.2.1(1) Note 2, a complementary load model may be
specified in the National Annex. No such complementary load model is described in
the UK National Annex.

Psi factors

Multi-component (y) factors are taken from NA to BS EN1990 Table NA.A2.1.
Infrequent values are not required (NA.2.3.6.2) and quasi-static values are not
calculated since 2 is given as zero for all traffic loads (Table NA.A2.1). Group 4
loading is not included in the calculation of Frequent values (note b to Table NA.A2.1).

Restrictions on use

The traffic load models in EN1991-2 are applicable for bridges with loaded lengths less
than 200m (clause 4.1(1)). In general the use of Load Model 1 is safe-sided for loaded
lengths over 200m (4.1(1) note 1). The UK National Annex states that Load Model 1
may be used for loaded lengths up to 1500m (NA to BS EN1991-2 clause NA2.6) and
no information on load models appropriate beyond that length is given. Calculation of
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the most onerous load pattern will proceed regardless of the loaded length and therefore
patterns generated may be inappropriate for very long loaded lengths.

Finland Settings

— Usze standard Finland loading
v Use lane Inading

W Use vehicle loading

& Use al " Selected il

— Loading combinations to be analysed
€ Unit factar - &)l loading will be unfactared

" Use standard load factors - Loading combinations to be analyzed

ULS load factors I R T ) 5L5 load factors I o
Defaults | oK | Cancel | Help |

The following Finland options are available for selection:

O Use lane loading - Specifies whether to apply the uniformly distributed load
(UDL) to the lanes of the bridge. To use this option select the checkbox. To
deselect this option ensure that the check box is not selected. By default this
option will be selected.

O Use vehicle loading — This gives the option to define a list of vehicles as
defined in the Autoloader vehicle library file (*.vec), normally found in the
“<LUSAS Installed location>\Programs\Scripts\atl\VehicleFiles” directory.
These vehicles will be tried as an alternative to UDL loading. When loading a
lane, Autoloader tries to place vehicles from this list within the lane, and if the
effect is greater than the UDL loading, the vehicle will be placed in the lane
instead. To use this option select the checkbox and select the “Selected” option
and enter the vehicle name(s), separated by a comma, that you require as an
alternative to UDL loading. Selecting “Use all” will attempt to use all the
vehicles defined in the Autoloader vehicle library file. To deselect this option
ensure that the checkbox is not selected. By default this option will be selected
with all vehicles chosen for the Autoloader analysis.

U Loading combinations to be analysed — “SLS Load factors” and the “ULS
Load factors” textbox allows the default partial load factors to be overridden for
the Serviceability Limit State (SLS) and Ultimate Limit State (ULS) load
factors. To use this option select “Use standard load factors” and enter the new
factors. The default values will be displayed in the textbox for overriding. The
use of “Unity factor” will apply a factor of 1.0 to all loading produced from
Autoloader so that this can be factored later. By default this option will be
selected.
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India IRC:6-2000 Settings

India - IRC:6-2000 Settings

— Standard IRC:6-2000 options

alternative vehicles

Wehicles I TOR14 'I

File containing list of | D:ALUS 451454 Programshs criptshathyehicleFilesh ndia- FOF |

— Loading combinations to be analyzed
% Uriity factor - &1l loading will be unfactored

™ Usze standard load factors - Loading combinations to be analysed

¥ 1L et T, 1, WL [= 1B, 1B, 71

— Advanced IRC:E-2000 options

[~ Edit advanced IRC:E-2000 code options

Sdvaneeds |

Drefaults | ak | Cancel |

Help

The following IRC:6-2000 options are available:

QO File containing list of alternative vehicles — Choose a vehicle definition file
(*.vec) that will populate the “Vehicle” list allowing a vehicle to be chosen for

analysis with Autoloader.

O Vehicles — Select from the list the vehicle to be applied to the bridge deck.
O Load combinations to be analysed can be either set to unity or the standard

loadcases can be chosen from the list as defined in IRC:

6-2000.

O Edit advanced IRC:6-2000 code options - further to the basic code options
provided on this dialog, Autoloader allows more advanced changes to the code
to be made. To access this functionality ensure that the use standard load factors
is chosen and the check box next to the label is selected and click on the
Advanced button. Note that it is unlikely that these advanced options will be

required for the majority of work.
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India IRC:6-2000 Advanced Settings

— didvanced IRC:6-2000 optionz

[ | Ehanoe (BEE-2000 oad factars

1 T T TR ST I I TITE; WL I

r Change IRC:B-2000 relationzhip between the carriageway width and the
riumber of notional lanes

{E5tE bty
batile

Defaults | ak. | Cancel | Help

The following IRC:6-2000 advanced options are available for selection:

U Change IRC:6-2000 load factors - To use this option select the check box next
to the label and enter the new factors to be used. To deselect this option ensure
that the check box is not selected. By default, this option will be deselected.

Only one value for each loading combination is required. For further
information on these load combinations refer to Table 1 of IRC:6-2000.

U Change IRC:6-2000 relationship between carriageway width and the
number of notional lanes — Allows the relationship between the carriageway
width and the number of notional lanes to be changed. Each three values are
taken as a lower limit, an upper limit and a number of notional lanes. After
calculating the carriageway width, Autoloader works its way down the table,
checking the calculated width against the values in the table. To use this option
select the check box next to the label and enter the values into the text box. To
deselect this option ensure that the check box is not selected. By default this
option will be deselected.
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Korean Settings

— Lane load level " Loading Effect

Lane lnad to be considered I DL 24 'I " ShearEffect & Moment Effect

—I" Use standard Kaorean vehicles

) s B [mading ) e speial vehicles

eticle | aad te ke cotisdered I "I

Loading combinations to be analyzed

CombinatienLF W1 [C1a Tm T Cw Cvim [z

Combination 5L W1 [T1a Tm T Cw Cvim Cx

" Change Korean partial load factors

[LF Giamma | nad|Fastors I A T 02 A )

S Hammalaad/fastons I A T 02 A )

Drefaults | Ok | Cancel | Help |

The following Korean options are available for selection:

O Lane Load Level - specifies the level of Korean patch loading to be applied. If
"None" is chosen no patch loading will be applied and no "Loading Effect" is
required. By default this option will be selected.

O Loading Effect - allows the specification of the effect to be investigated. By
default the "Moment" effect will be selected. If "None" is selected from the
"Lane Load Level" this option will be disabled.

O Use Standard Korean Vehicles - defines a list of vehicles that can be chosen to
calculate the greatest effect. Autoloader tests the vehicle chosen in this list. By
default this option will be disabled.

O Change Korean Partial Load factors - SL Gamma Load Factors and LF
Gamma Load Factors allow the user to specify the partial load factors for the
Service Load State and LF Load Factor Design respectively. The list is ordered
as follows:

SL/LFI
SL/LFIA
SL/LFII
SL/LFIV
SL/LFVI
SL/LFVII
SL/LFX
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Note that only loading combinations LF and SL | will only be loaded. To utilise
other load combinations that have been generated by Autoloader use the File >
Open... menu commands and locate the <filename> x_1fx / sIx.vbs files where
x is replaced by the combination number e.g. 1a.

To use this option select the check box next to the label and enter the new
factors to be used. To deselect this option ensure that the check box is not
selected. By default this option will be deselected.

Lane Loads on Continuous Spans :

"For the determination of maximum negative moment in the design of continuous
spans, the lane load shall be modified by the addition of a second, equal weight
concentrated load placed in one other span in the series in such position to produce the
maximum effect. For maximum positive moment, only one concentrated load shall be
used per lane, combined with as many spans loaded uniformly as required to produce
maximum moment."

In the current Vehicle Load Optimisation only one concentrated load KEL (Knife Edge
Load) is applied. Please contact LUSAS Technical Support for details on how to
overcome this limitation.

Transit New Zealand Bridge Manual (SP/M/022 2nd
Edition (2005), and 3rd Edition (2013))
Optional Settings

When using the country “New Zealand” and Design code “SP/M/022 2nd Edition
(2005)” or SP/M/022 3rd Edition (2013), highway traffic loading is generated with
reference to:

e Bridge Manual SP/M/022 2nd Edition (June 2003, with amendments June
2004, September 2004, and July 2005), and 3rd Edition (May 2013)

This document was originally published by Transit New Zealand, but since August
2008 it has been the responsibility of the New Zealand Transport Agency.

Note

Vehicle load optimisation to SP/M/022 as implemented in LUSAS TLO is restricted to
vertical highway traffic loading and global effects. Fatigue loading, horizontal
components, railway loads and pedestrian loads are not currently included. Accidental
loads, as described in clause 3.2.3 (d), are considered to be for local effects and are not
currently included.
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Optional code settings dialog

The Optional Code Settings dialog allows selection of load models (components of
HN-HO-72) required, as well as the setting of the dynamic factor. Factors and load
intensities used in the calculations may be viewed and modified if required, by
accessing the Advanced dialog.

MNew Zealand

Loading to consider Dynamic load factor

™ HM [Momal) Loading ™ Use dynarmic load factor I
[T HO [Owverload) loading

Edit advanced

¥ Mew Zealand Advanced... |

options

Defaultz | QK I Cancel | Help |

Loading to consider

The traffic loads available on the dialog refer to SP/M/022 clauses 3.2.2 and 3.2.4 as
follows:

O HN (Normal) loading As described in clause 3.2.2(a) and illustrated in Figure
3.1; this is formed from a uniformly distributed lane load spread over a 3m wide
lane and placed in adverse areas, together with a pair of axle loads of 120kN
each. The most onerous HN loading may comprise 1 or more loaded lanes,
according to the reduction factors in clause 3.2.4.

0 HO (Overload) loading As described in clause 3.2.2(b) and illustrated in
Figure 3.1; this is formed from a uniformly distributed lane load spread over a
3m wide lane and placed in adverse areas, together with a pair of axle loads of
240kN each. The axles are considered as either a knife edge load (alternative
(a)) or two wheel loads (alternative (b)). When used, HO loading replaces one
element of HN loading in the traffic load pattern. The load pattern may include
1 or more loaded lanes, according to the reduction factors in clause 3.2.4.

The roadway is divided into a number of design lanes of equal width as per clause
3.2.3(b). Where this results in a lane width greater than 3m, the HN and HO loading
will be placed in the most adverse transverse position.

The dialog allows selection of HN loading, HO loading or both. The most onerous
traffic loading pattern appropriate to each selected load model will be determined,
taking into account reduction factors as required. The dynamic factor will also be
included if selected (see below).

159



Application Manual (Bridge, Civil & Structural)

Note

In SP/M/022 clause 3.5, normal traffic loads are denoted “LL” and overload
combinations of traffic loads are denoted “OL”. LL and OL are considered in turn and
always factored together in the combinations set out in Table 3.1 (Serviceability Limit
State) and Table 3.2 (Ultimate Limit State). The load factors in Table 3.1 and 3.2 are
not included in the optimised traffic loadcases, and therefore should normally be
included in subsequent combinations.

Dynamic load factor

According to SP/M/022 clause 3.2.5 and Tables 3.1 and 3.2, both normal live load and
overload shall be multiplied by a dynamic factor determined from Figure 3.2. The
dialog allows the dynamic factor to be switched off if required, but more importantly
allows the user to specify the value of that factor.

e The dynamic factor for components above ground and for bearings is 1.3
(default value) for most load effects. However for moments in simple or
continuous beams of span the factor reduces for span lengths greater than 12m,
to a minimum value of 1.19 at spans of 40m and above.

e The dynamic factor for below ground components is 1.0, to allow for vibration
damping by the soil. However, for top slabs of culvert type structures the factor
reduces linearly with depth of fill from 1.3 at zero fill to 1.0 at 1m fill.

A value (generally 1.3 or less) should be determined and entered into the dialog as
required. In the instance where different dynamic factors are required within a bridge
analysis, this can be handled by creating more than one Vehicle Load Optimisation
analysis and using different settings as appropriate.

Advanced options

U Edit advanced New Zealand options - See Transit New Zealand Bridge
Manual (SP/M/022 2nd Edition) Advanced Settings

Transit New Zealand Bridge Manual (SP/M/022 2nd
Edition (2005), and 3rd Edition (2013)) Advanced
Settings

This dialog is used to view and modify reduction factors and load intensities.
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New Zealand Advanced Settings E
Optional parameters
[" Change reduction factar |1 L0808, 07 0605
HH HO
[T Change DL intensity |3.5 |3.5
[~ Change &xle intensity |120 |24D
Defaults | 0K | Cancel | Help |

O Change reduction factor To allow for the improbability of concurrent loading,
where appropriate, the total (traffic) loading is multiplied by a reduction factor,
according to clause 3.2.4. Reduction factors are incorporated in the
determination of the most onerous load pattern by default, but the values used
may be modified by ticking this option and entering values appropriate to the
number of elements of HN-HO-72 loading included (1 to 6 comma separated

values, or more). To effectively eliminate reduction factors values of 1.0 may
be entered for all 6 entries.

O UDL intensity A lane load UDL of 3.5kN/m2 is used for both HN and HO
loading, according to clause 3.2.2 and Figure 3.1.

O Axle intensity Total axle loads for HN and HO loading are 120kN and 240kN
respectively, according to clause 3.2.2 and Figure 3.1.

Using the checkboxes, values for the UDL and Axle intensities may be entered
manually under HN and/or HO as appropriate, to suit project requirements. The Default
button resets all values back to the default values according to SP/M/022.

Norway Settings

— Use standard Monway loading
¥ Use lane loading

¥ Use vehicle loading

&~ lse al " Selected Al

— Loading combinations to be analysed
@ Urit factor - Al loading will be unfactored

" Use standard load factors - Loading combinations to be analyzed

ULS load factars I ] 5L5 load factors I )T
Defaults | Ok | Cancel | Help |

The following Norway options are available for selection:
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U Use lane loading - Specifies whether to apply the uniformly distributed load
(UDL) to the lanes of the bridge. To use this option select the checkbox. To
deselect this option ensure that the check box is not selected. By default this
option will be selected.

O Use vehicle loading — This gives the option to define a list of vehicles as
defined in the Autoloader vehicle library file (*.vec), normally found in the
“<LUSAS Installed location>\Programs\Scripts\atl\VehicleFiles” directory.
These vehicles will be tried as an alternative to UDL loading. When loading a
lane, Autoloader tries to place vehicles from this list within the lane, and if the
effect is greater than the UDL loading, the vehicle will be placed in the lane
instead. To use this option select the checkbox and select the “Selected” option
and enter the vehicle name(s), separated by a comma, that you require as an
alternative to UDL loading. Selecting “Use all” will attempt to use all the
vehicles defined in the Autoloader vehicle library file. To deselect this option
ensure that the checkbox is not selected. By default this option will be selected
with all vehicles chosen for the Autoloader analysis.

U Loading combinations to be analysed — “SLS Load factors” and the “ULS
Load factors” textbox allows the default partial load factors to be overridden for
the Serviceability Limit State (SLS) and Ultimate Limit State (ULS) load
factors. To use this option select “Use standard load factors” and enter the new
factors. The default values will be displayed in the textbox for overriding. The
use of “Unity factor” will apply a factor of 1.0 to all loading produced from
Autoloader so that this can be factored later. By default this option will be
selected.

South Africa - TMH7 Settings

Standard TMH? options

" Use N& patch loading ¥ [Use avle | mading

% |se ME Ioading

— Loading combinations to be analpsed
Ultirnate lirit state [ULS] Serviceability lirit state [SLS]
[ Combination 1 " Combination 2 I Combination 1 [ Combination 2

— Advanced TMHY options

[Z Edit advanced TMH7 code options Sdvanced.. |
Defaultz | [1]4 | Cancel | Help |

The following South African TMH?7 options are available for selection:
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Notes

Use NA loading - specifies whether to apply the NA loading (which includes
axle loading).

Use NB loading - specifies whether to apply a single abnormal vehicle. If
selected, the abnormal vehicles are applied to the carriageway. If not selected,
then NA loading only is applied.

Use axle loading - specifies whether to apply axle loads. If selected, axle loads
are applied to areas with NA loading, according to the standard in use. If not
selected, no axle loads are applied. If Use NA loading is not selected then Use
axle loading will not be enabled.

Edit advanced TMH?7 code options - further to the basic code options
provided on this dialog, Autoloader allows more advanced changes to the code
to be made. To access this functionality ensure that the check box next to the
label is selected and click on the Advanced button. Note, however, that it is
unlikely that these advanced options will be required for the majority of work.

Autoloader should be used for global bridge design. Local effects due to
accidental wheel loads are not considered and so these effects should be
assessed separately.

The load sequence number is always assumed to be unity.

The implementation of the South African loading code assumes that the
transverse distribution has no significant effect and therefore the NA loading
will be distributed over the full width of the notional lane.
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TMH7 Advanced Settings

— Advanced TMHT options

™ Use altemative vehicle ta try in place of NA loading

File containing list of [ 10 11505 450 Prog | Wehicles Im
alternative vehicles .

[ Change TMH7 partial load factars

5L5 Ioad | 10001 ULS load | ]
factors factars

r Change TH7 relationship between the camageway width and the number of notional
lares

tLaahf;: width | A BT A AT BT T A A T 1 I 22

Drefaultz | Ok | Cancel | Help |

The following South African TMH7 advanced options are available for selection:

O Use alternative vehicle to try in place of NA loading - defines a list of
vehicles to be tried as an alternative to NA loading. When loading an NA lane,
Autoloader tries to place vehicles from this list within the lane, and if the effect
is greater than NA loading, uses that vehicle instead. Each vehicle must be
specified in the Autoloader vehicle library.

U Change TMHY7 partial load factors - SLS Load factors allows specification of
the partial load factors for the Serviceability Limit State and ULS Load factors
allow specification of the partial load factors for the Ultimate Limit State. The
list is ordered as follows:

NA alone (combination 1)
NA alone (combination 2)
NB with NA or NB alone (combination 1)
NB with NA or NB alone (combination 2)

O Use TMHTY partial load factors - SLS Load factors allows specification of the
partial load factors for the Serviceability Limit State and ULS Load factors
allow specification of the partial load factors for the Ultimate Limit State.

U Change TMHY relationship between carriageway width and the number of
notional lanes. Each set of 3 values are taken as a lower limit, an upper limit
and a number of notional lanes. After calculating the carriageway width
Autoloader works its way down the table, checking the calculated width against
the values in the table.
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Sweden - BRO94 Settings

— Usze standard ERD loading
¥ Use lane loading

v Use vehicle loading

&+ |se all " Selected Al

— Loading combinations ta be analyzed
& Unit factor - Al loading will be unfactored

" Use standard load factaors - Loading combinations to be analyzed

1ILS load factars I AR 5L5 load factors I L) ) O
Defaults | aK | Cancel | Help |

The following BRO 94 options are available for selection:

O Use lane loading - Specifies whether to apply the uniformly distributed load
(UDL) to the lanes of the bridge. To use this option select the checkbox. To
deselect this option ensure that the check box is not selected. By default this
option will be selected.

O Use vehicle loading — This gives the option to define a list of vehicles as
defined in the Autoloader vehicle library file (*.vec), normally found in the
“<LUSAS Installed location>\Programs\Scripts\atl\VehicleFiles” directory.
These vehicles will be tried as an alternative to UDL loading. When loading a
lane, Autoloader tries to place vehicles from this list within the lane, and if the
effect is greater than the UDL loading, the vehicle will be placed in the lane
instead. To use this option select the checkbox and select the “Selected” option
and enter the vehicle name(s), separated by a comma, that you require as an
alternative to UDL loading. Selecting “Use all” will attempt to use all the
vehicles defined in the Autoloader vehicle library file. To deselect this option
ensure that the checkbox is not selected. By default this option will be selected
with all vehicles chosen for the Autoloader analysis.

O Loading combinations to be analysed — “SLS Load factors” and the “ULS
Load factors” textbox allows the default partial load factors to be overridden for
the Serviceability Limit State (SLS) and Ultimate Limit State (ULS) load
factors. To use this option select “Use standard load factors” and enter the new
factors. The default values will be displayed in the textbox for overriding. The
use of “Unity factor” will apply a factor of 1.0 to all loading produced from
Autoloader so that this can be factored later. By default this option will be
selected.
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United Kingdom - BD21/01 Settings

BDZ21/01 Settings

— Standard BD21 /01 options

Traffic How I High vl Road surface categories I Goad vl

™ Muodify the relationship between lnaded length and the K factor.

K. factar curve I

™ User defined traffic lane markings in relation ta the camageways

Traffic lane markings I

[ Use cusping

— Advanced BD21/01 options

" Edit advanced BD21/01 code options Alvaneed! |
Defaults | Ok | Cancel | Help |

The following BD21/01 options are available for selection:

O Traffic flow- specify the traffic level, as defined in the BD21/01 standard, as

High, Medium or Low. This option has no effect in any of the other standards.
If an invalid value is specified, Autoloader gives a warning and uses the default
value.

U Road surface category- specify the quality of road surface, as defined in the

BD21/01 standard, as Good or Poor.This option has no effect in any of the
other standards. If an invalid value is specified, Autoloader gives a warning and
uses the default value.

U Modify the relationship between loaded length and the K factor- change the

relationship between loaded length and the K factor. Each pair of values
consists of a length and a factor for that length. Autoloader performs a linear
interpolation between these values. If a more accurate value is required you
should specify as many points as possible. To use this option select the check
box next to the label and enter the new relationship between loaded length and
the K factor, to deselect this option ensure that the check box is not selected. By
default this option will be selected.

U User to define marked traffic lanes in relation to the carriageways- define

marked traffic lanes in relation to the carriageway(s). Each set of values
consists of a carriageway number, and two sets of x and y values, through
which points the lane edges pass. The traffic lane is assumed to be parallel to
the carriageway kerbs. To use this option select the check box next to the label
and enter the new relationship between marked traffic lanes in relation to the
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carriageway. To deselect this option ensure that the check box is not selected.
By default this option will be selected.

O Edit advanced BD21/01 code options-further to the basic code options
provided on this dialog, Autoloader allows more advanced changes to the code
to be made. To access this functionality ensure that the check box next to the
label is selected and click on the Advanced button. However, note that it is
unlikely that these advanced options will be required for the majority of work.

BD21/01 Advanced Settings

— Advanced BD21/01 options

[ Use altemative vehicls ta by in place of HA loading
File containing list of | Wehicles I vI
alternative vehicles

[ Change BD21/01 partial load factars [Tﬂ ] [ Use BD21/01 partial load factors [te]
ULS load I ULS load I
factors factars

Change BD21/01 relationship between the cariageveay width and the number of
national lanes

Lane width
table

Defaults | ak. | Cancel | Help

The following BD 21/01 advanced options are available for selection:

O Use Alternative vehicle- defines a list of vehicles to be tried as an alternative to
HA loading. When loading an HA lane, Autoloader tries to place vehicles from
this list within the lane, and if the effect is greater than HA loading, it uses that
vehicle instead. Each vehicle must be specified in the Autoloader vehicle
library. To use this option select the check box next to the label and enter the
vehicle name that you require as an alternative to HA loading, to deselect this
option ensure that the check box is not selected. By default this option will be
deselected.

U Change BD21/01 Partial Loadfactors -ULS Load factors allow you to specify
the partial load factors for the Ultimate Limit State. To use this option select the
check box next to the label and enter the new factors to be used. To deselect this
option ensure that the check box is not selected. By default this option will be
deselected.

O Change relationship between carriageway width and the number of
notional lanes. Each 3 values are taken as a lower limit, an upper limit and a
number of notional lanes. After calculating the carriageway width, Autoloader
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works its way down the table, checking the calculated width against the values
in the table. To use this option select the check box next to the label and enter
the values into the text box. To deselect this option ensure that the check box is
not selected. By default this option will be deselected.

United Kingdom - BD21/97 Settings

BDZ21,/97 Settings

— Standard BD21/97 options
Traffic: flaw I High vl Road surface categories I Good v|

[ Modify the relationship between loaded length and the K. Factar.

K. factor curve I

™ User defined traffic lane markings in relation to the cariageways

Traffic lane markings I

[~ Usze cusping

— Advanced BD'21./97 options

[™ Edit advanced BD21/97 code optiohs Ldyanced, |
Defaults | ak | Cancel | Help |

The following BD 21/97 options are available for selection:

U Traffic flow- specify the traffic level, as defined in the BD 21/97 standard, as

High, Medium or Low. This option has no effect in any of the other standards.
If an invalid value is specified, Autoloader gives a warning and uses the default
value.

U Road surface category- specify the quality of road surface, as defined in the

BD 21/97 standard, as Good or Poor. This option has no effect in any of the
other standards. If an invalid value is specified, Autoloader gives a warning and
uses the default value.

O Modify the relationship between loaded length and the K factor- Each pair

of values consists of a length and a factor for that length. Autoloader performs a
linear interpolation between these values. If a more accurate value is required
you should specify as many points as possible. To use this option select the
check box next to the label and enter the new relationship between loaded
length and the K factor, to deselect this option ensure that the check box is not
selected. By default this option will be selected.

U User to define marked traffic lanes in relation to the carriageways- Each set

of values consists of a carriageway number, and two sets of x and y values,
through which points the lane edges pass. The traffic lane is assumed to be
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parallel to the carriageway kerbs. To use this option select the check box next to
the label and enter the new relationship between marked traffic lanes in relation
to the carriageway. To deselect this option ensure that the check box is not
selected. By default this option will be selected.

O Edit advanced BD 21/97 code options-further to the basic code options
provided on this dialog, Autoloader allows more advanced changes to the code
to be made. To access this functionality ensure that the check box next to the
label is selected and click on the Advanced button. However, note that it is
unlikely that these advanced options will be required for the majority of work.

BD21/97 Advanced Settings

— Advanced BD21/97 options

[~ Use altemative vehicle to try in place of Hé loading
File containing list of I | Yehicles I v|
alternative vehicles

[ Change BD21./97 partial load factors ['Fﬂ | [ Use BD21/97 partial load factors [TES ]
LS load I ULS load I
factars factars

Chatge BD 21497 relationzhip between the cariageway width and the number of
notional lanes

Lane width
table

Defaults | Ok | Cancel | Help

The following BD 21/97 advanced options are available for selection:

QO Use Alternative vehicle- defines a list of vehicles to be tried as an alternative to
HA loading. When loading an HA lane, Autoloader tries to place vehicles from
this list within the lane, and if the effect is greater than HA loading, it uses that
vehicle instead. Each vehicle must be specified in the Autoloader vehicle
library. To use this option select the check box next to the label and enter the
vehicle name that you require as an alternative to HA loading, to deselect this
option ensure that the check box is not selected. By default this option will be
deselected.

U Change BD21/97 Partial Loadfactors -ULS Load factors allow you to specify
the partial load factors for the Ultimate Limit State. To use this option select the
check box next to the label and enter the new factors to be used. To deselect this
option ensure that the check box is not selected. By default this option will be
deselected.

O Change relationship between carriageway width and the number of
notional lanes. Each 3 values are taken as a lower limit, an upper limit and a
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number of notional lanes. After calculating the carriageway width, Autoloader
works its way down the table, checking the calculated width against the values
in the table. To use this option select the check box next to the label and enter
the values into the text box. To deselect this option ensure that the check box is
not selected. By default this option will be deselected.

United Kingdom - BD37/01 Settings

— Standard BD37/01 options
¥ Usze HA loading ¥ Usze KEL loading ¥ Use cusping

¥ Usze HE loading Mumber of HE urits I 45

™ One way traffic

— Loading combinations to be analysed
Ultimate Limit state [LULS] Serviceability Limit state [SLS)
Iv Combination 1 v Combination 2 Iv! Combination 1 [v Combination 2

— Advanced BD37/01 options

[" Edit advanced ED37/01 code options Sdyanced. . |
Defaults | 0k, Cancel | Help |

The following BD37/01 options are available for selection:

U Use HA Loading - specifies whether to apply the HA loading (which includes
KEL loading). To use this option select the check box next to the label, to
deselect this option ensure that the check box is not selected. By default this
option will be selected.

O Use HB Loading - specifies whether to apply an abnormal vehicle. If selected,
the abnormal vehicles are applied to the carriageway. If not selected, then HA
loading only is applied. To use this option select the check box next to the label,
to deselect this option ensure that the check box is not selected. By default this
option will be selected.

O Use KEL Loading - specifies whether to apply Knife Edge Loads. If selected,
Knife Edge Loads are applied to areas with UDL loading, according to the
standard in use. If not selected, no KEL’S are applied. To use this option select
the check box next to the label, to deselect this option ensure that the check box
is not selected. By default this option will be selected, however if Use HA
loading is not selected then Use KEL Loading will not be enabled.

O Use Cusping - specifies whether to apply cusping when working out loadable
areas. If selected, cusping is applied. If not selected, cusping is not applied. To
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use this option select the check box next to the label, to deselect this option
ensure that the check box is not selected. By default this option will be selected.

O One Way Traffic - BD37/01 specifies that a bridge carrying traffic in one
direction only would result in the doubling of the N value in the calculation of
the HA lane factors (ref. BD37/01, Table 14, Note 2). If ONEWAY is selected,
then the value of N used in the table is doubled. To use this option select the
check box next to the label, to deselect this option ensure that the check box is
not selected. By default this option will not be selected

O Number of HB Units - specifies the number of HB Units to use. In cases where
an abnormal vehicle uses HB Units, the values of the weights of the axles are
multiplied by the number of HB Units. By default the number of HB units is set
as 45, to change this value enter the new value in the text box.

O Edit advanced BD37/01 code options - further to the basic code options
provided on this dialog, Autoloader allows more advanced changes to the code
to be made. To access this functionality ensure that the check box next to the
label is selected and click on the Advanced button. However, note that it is
unlikely that these advanced options will be required for the majority of work.

BD37/01 Advanced Settings

— Advanced BD37/01 options

™ Use altemative vehicle ta by in place of HA loading
File cantaining lisk of I | Wehicles I vl
alternative vehicles
[" Change BD37/01 partial load factors [}-ﬂ ]
5L5 load I UL5 load I
factors factors
[~ Use BDI7/01 partial lnad factors [}-ES 1
5L5 load I ULS load I
factors factars

Change BD37/01 relationship between the carageway width and the number of
niotional lanes

Lane width
table

Defaults | Ok | Caticel | Help |

The following BD37/01 advanced options are available for selection:

O Use Alternative vehicle- defines a list of vehicles to be tried as an alternative to
HA loading. When loading an HA lane, Autoloader tries to place vehicles from
this list within the lane, and if the effect is greater than HA loading, uses that
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vehicle instead. Each vehicle must be specified in the Autoloader vehicle
library. To use this option select the check box next to the label and enter the
vehicle name that you require as an alternative to HA loading. To deselect this
option ensure that the check box is not selected. By default this option will be
deselected.

U Change BD37/01 Partial Loadfactors -SLS Load factors allow specification of
the partial load factors for the Serviceability Limit State and ULS Load factors
specification of the partial load factors for the Ultimate Limit State. The list is
ordered as follows:

= HA alone ( combination 1)
= HA alone ( combination 2)
= HB with HA or HB alone ( combination 1)
=  HB with HA or HB alone ( combination 2)

To use this option select the check box next to the label and enter the new factors
to be used. To deselect this option ensure that the check box is not selected. By
default this option will be deselected.

O Change relationship between carriageway width and the number of
notional lanes. Each 3 values are taken as a lower limit, an upper limit and a
number of notional lanes. After calculating the carriageway width Autoloader
works its way down the table, checking the calculated width against the values
in the table. To use this option select the check box next to the label and enter
the values into the text box. To deselect this option ensure that the check box is
not selected. By default this option will be deselected.
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United Kingdom - BD37/88 Settings

— Standard BD'37/38 oplions
¥ Lse HA loading ¥ Usze KEL loading ¥ se cusping

¥ lse HE loading Mumber of HE wnits I 45

[ One way haffic

— Loading cambinations ta be analyzed
Ultimate Limit state [ULS] Serviceability Limit state [SLS]
v Combination 1 [v Combination 2 v Combination 1 v Combination 2

— Advanced ED 37 /88 options

[™ Edit advanced BD'37/88 code options Ldvaneed.. |
Defaults | oK | Cancel | Help |

The following BD37/88 options are available for selection:

O Use HA Loading - specifies whether to apply the HA loading (which includes
KEL loading). To use this option select the check box next to the label, to
deselect this option ensure that the check box is not selected. By default this
option will be selected.

O Use HB Loading - specifies whether to apply an abnormal vehicle. If selected,
the abnormal vehicles are applied to the carriageway. If not selected, then HA
loading only is applied. To use this option select the check box next to the label,
to deselect this option ensure that the check box is not selected. By default this
option will be selected.

O Use KEL Loading - specifies whether to apply Knife Edge Loads. If selected,
Knife Edge Loads are applied to areas with UDL loading, according to the
standard in use. If not selected, no KEL’S are applied. To use this option select
the check box next to the label, to deselect this option ensure that the check box
is not selected. By default this option will be selected, however if Use HA
loading is not selected then Use KEL Loading will not be enabled.

O Use Cusping - specifies whether to apply cusping when working out loadable
areas. If selected, cusping is applied. If not selected, cusping is not applied. To
use this option select the check box next to the label, to deselect this option
ensure that the check box is not selected. By default this option will be selected.

O One Way Traffic - BD37/88 specifies that a bridge carrying traffic in one
direction only would result in the doubling of the N value in the calculation of
the HA lane factors (ref. BD37/88, Table 14, Note 2). If ONEWAY is selected,
then the value of N used in the table is doubled. To use this option select the
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check box next to the label, to deselect this option ensure that the check box is
not selected. By default this option will not be selected

O Number of HB Units - specifies the number of HB Units to use. In cases where
an abnormal vehicle uses HB Units, the values of the weights of the axles are
multiplied by the number of HB Units. By default the number of HB units is set
as 45, to change this value enter the new value in the text box.

O Edit advanced BD37/88 code options - further to the basic code options
provided on this dialog, Autoloader allows more advanced changes to the code
to be made. To access this functionality ensure that the check box next to the
label is selected and click on the Advanced button. However, note that it is
unlikely that these advanced options will be required for the majority of work.

BD37/88 Advanced Settings

— Advanced BD'37./88 options

™ Use altemative vehicle to try in place of HA loading
File cortaining list of I | Wehicles I vI
alternative vehicles
[~ Change BD37/88 partial load factors [7ﬂ ]
5LS load I ULS load I
factors factaors
™ Use BD37/88 partial load factors [te]
SLS load I ULS load I
factars factors

Change BD37 /88 relationship between the carmiageway width and the number of
riotional lanes

Lane width
table

Defaults | 0K | Cancel | Help |

The following BD37/88 advanced options are available for selection:

U Use Alternative vehicle defines a list of vehicles to be tried as an alternative to
HA loading. When loading an HA lane, Autoloader tries to place vehicles from
this list within the lane, and if the effect is greater than HA loading, uses that
vehicle instead. Each vehicle must be specified in the Autoloader vehicle
library. To use this option select the check box next to the label and enter the
vehicle name that you require as an alternative to HA loading. To deselect this
option ensure that the check box is not selected. By default this option will be
deselected.
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U Change BD37/88 Partial Loadfactors SLS Load factors allows specification
of the partial load factors for the Serviceability Limit State and ULS Load
factors allow specification of the partial load factors for the Ultimate Limit
State. The list is ordered as follows:

HA alone ( combination 1)
HA alone ( combination 2)
HB with HA or HB alone ( combination 1)
HB with HA or HB alone ( combination 2)

To use this option select the check box next to the label and enter the new
factors to be used. To deselect this option ensure that the check box is not
selected. By default this option will be deselected.

O Change relationship between carriageway width and the number of
notional lanes. Each 3 values are taken as a lower limit, an upper limit and a
number of notional lanes. After calculating the carriageway width Autoloader
works its way down the table, checking the calculated width against the values
in the table. To use this option select the check box next to the label and enter
the values into the text box. To deselect this option ensure that the check box is
not selected. By default this option will be deselected.

United States of America - AASHTO LFD Settings

— Lane load level ’r Loading effect

Lake load to be considered | H15 - " Sheareffect % Moment effect

I Use standard AASHTO vehicles
) e Hiloadiig. €0 Use Heiloading € Use mitan made € zeqvekicles

ehicle | rad to be carsidered I j

=1 | Uz2 mives vehicle and pateh sads

i 'Ebicles and patches seperale [nadcases &) WEbiEles and patehes same Dadease

— Loading combinations ta be analyzed
€ Unity factor - Al loading will be unfactored
&' |se standard load factors - Loading combinations to be analysed
CombinstionLF M1 Wi Mm M My VMuyn Vx
CombinationSL W1 Wi W Wix Wy Vvl VX
— Advanced AASHTO options

" Edit advanced A4SHTO code options Edaticedl, |
Defaults | ak | Cancel | Help |

The following AASHTO LFD options are available for selection:
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U Lane Load Level - specifies the level of AASHTO LFD patch loading to be
applied (ref AASHTO LFD cl. 3.7.2 et al). By default this option will be
selected.

U Loading Effect - allows the specification of the effect to be investigated. This
will apply the relevant KEL in accordance with AASHTO LFD fig 3.7.6B. By
default the "Moment" effect will be selected.

O Use Standard AASHTO Vehicles - defines a list of vehicles that can be chosen
to calculate the greatest effect. Autoloader tests the vehicle chosen in this list.
These vehicles are as that defined in AASHTO LFD cl. 3.7.2. By default this
option will be disabled.

U Use mixed vehicle and patch loads - defines if the analysis should consider
vehicles and patch loads together on the same carriageway when defining the
loading patterns. If this option is not selected and the use standard AASHTO
vehicles option is selected, the analysis will load the carriageway with vehicles
loads only. With this option selected the choice of defining vehicles and patches
in separate loadcases or mixed in the same loadcases can be chosen.

U Load combinations to be analysed can be either set to unity or the standard
loadcases can be chosen from the list.

U Edit advanced AASHTO code options - further to the basic code options
provided on this dialog, Autoloader allows more advanced changes to the code
to be made. To access this functionality ensure that the use standard load factors
is chosen and the check box next to the label is selected and click on the
Advanced button. However, note that it is unlikely that these advanced options
will be required for the majority of work.

AASHTO LFD cl 3.11.3 - Lane Loads on Continuous Spans :-

"For the determination of maximum negative moment in the design of continuous
spans, the lane load shall be modified by the addition of a second, equal weight
concentrated load placed in one other span in the series in such position to produce the
maximum effect. For maximum positive moment, only one concentrated load shall be
used per lane, combined with as many spans loaded uniformly as required to produce
maximum moment."
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AASHTO LFD Advanced Settings

— Aidvanced AA5HTO options

[ Change A&45HTO partial load factors

LF Gamma | e el o ey
Inad fFactors

SL Gamma I u N P
load factars

Drefaultz | ok | Cancel Help

The following AASHTO options are available for selection:

O Change AASHTO Partial Load factors - SL Gamma Load Factors and LF
Gamma Load Factors allow specification of the partial load factors for the
Service Load State and LF Load Factor Design respectively. The list is ordered
as follows:

SL/LFI
SL/LFIA
SL/LF I
SL/LFIV
SL/LFVI
SL/LF VI
SL/LFX

O To use this option select the check box next to the label and enter the new

factors to be used. To deselect this option ensure that the check box is not
selected. By default this option will be deselected.

United States of America - AASHTO LRFD (7th Edition)

Optional Code Settings

When the country 'United States of America’ and the Design code '"AASHTO LRFD 7th
Ed', is selected on the main Vehicle Load Optimisation dialog, road traffic loading data
and parameters can be specified with reference to AASHTO LRFD Bridge Design
Specifications, Seventh Edition.

Note that whilst all references in the LUSAS software and documentation are for the
AASHTO LRFD 7th Edition, the LUSAS implementation is applicable to the both the
AASHTO LRFD 7th Edition and the AASHTO LRFD 6th Edition.
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Design codes are also available for many US State Bridge Design Manuals'
implementations of AASHTO LRFD. See State Implementations of AASHTO
LRFD (7th Edition) for more details.

Scope

The scope of the vehicle load optimisation to AASHTO LRFD (7th Edition) is
restricted to vertical highway traffic loading and global effects. Horizontal components,
railway loads and pedestrian loads are not currently included. The refined design truck
for fatigue design of orthotropic decks, to Figure 3.6.1.4.1-1, is not included as it is
considered applicable for local effects only.

The road carriageway is divided into standard 12ft design lanes (apart from
carriageways from 20ft to 24ft wide which have two equal width lanes). This will result
in a “remaining width” for any carriageways of width not an integer multiple of 12ft.
The lanes are positioned laterally on the bridge to produce the most adverse effects,
with the remaining width being placed either side of the lanes or between any of the
lanes so as to produce the most onerous arrangement. The number of design lanes can
be modified if required, as per AASHTO LRFD clause 3.6.1.1.1, via the Advanced
Settings dialog. Loading moves transversely within the design lanes for most onerous
effect.

AASHTO LRFD Tth Ed
—Combinations requred ———— | [ Loads to include
" Patterns only [no global factors) National design load | Full HL-93 i
| desigrload r Permit/Owner-specified vehicles
J# | Strenath [ (Permit] unfactored Yehiclejs] IPermitEHampIe |
I [ Fafioue [hclude associated Aational
¥ Deflection 7 dezign load (& sbove] n
othier lates
% Patterns and alobal factors
¥ Stength | ¥ Service | [~ Advanced options
¥ Stiength |l ¥ Service |l I™" Edit advanced options Adyaniced.. |

v Strength ¥ Service |l

¥ Eutreme | ¥ Fatigue |
¥ Extremel ¥ Fatigue Il
¥ Deflection

Drefaults | QK I Cancel | Help |

The Optional Code Settings dialog allows selection of the combinations and loads
required. Factors used in the calculations and other settings may be viewed and
modified if required, by accessing the Advanced Settings dialog.
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Combinations required

Loading patterns are available either globally factored (i.e. with a Load Factor for a
Limit State to AASHTO LRFD Table 3.4.1-1, or optionally edited in the Advanced
Settings dialog) or unfactored as follows:

Q Patterns only (no global factors)

e Notional design load - loading to AASHTO LRFD clause 3.6.1.3.1

e Strength Il (Permit) unfactored - as Notional design load pattern but
with a Permit vehicle replacing one lane of loading, where this is more
onerous

o Fatigue - loading to AASHTO LRFD clause 3.6.1.4.1
e Deflection - loading to AASHTO LRFD clause 3.6.1.3.2

Q Patterns and global factors

e Strength I / Strength V / Extreme | / Extreme 11 / Service | / Service Il /
Service I11 - as per Notional design load pattern but with the relevant global
factor from AASHTO LRFD Table 3.4.1-1

e Strength 11 - as per Strength Il (Permit) unfactored pattern but with the
relevant global factor from AASHTO LRFD Table 3.4.1-1

e Fatigue | / Fatigue Il - as per Fatigue pattern but with the relevant global
factor from AASHTO LRFD Table 3.4.1-1

o Deflection - as per unfactored Deflection pattern but with the Service |
global factor from AASHTO LRFD Table 3.4.1-1

The dialog allows selection of one or more combinations. The most onerous traffic
loading pattern appropriate to each selected combination will be determined, with load
factors included as appropriate.

Loads to include

U Notional design load. If “Full HL-93” is selected, the most onerous of the
Design Truck or Design Tandem will be placed in each lane. If “Truck & lane
loads only” or “Tandem & lane loads only” is selected, then the Design Truck
or Design Tandem respectively will be placed in all lanes. This selection also
affects the alternative loading for interior piers, i.e. the two truck loading and
two tandem loading (for further details see Advanced Settings dialog).

O Permit/Owner-specified vehicles. This option is available when either of the
Strength 11 combinations is selected. If this option is selected then the most
onerous of the selected Vehicles will replace one lane of loading for these
combinations, provided it is more onerous than the selected Notional design
load for that lane.
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e Vehicle(s). Clicking the “...” button allows selection of one or more Permit
vehicles. As no Permit vehicles are defined within AASHTO LRFD 7th
Edition, an example vehicle is provided. State implementations have
relevant vehicles as defined by their State Bridge Design Manuals, as
appropriate.

¢ Include associated notional design load (as above) in other lanes. This
check box may be unchecked in order to obtain a result for Permit vehicles
alone.

Multiple presence factors are applied to the loading as per AASHTO LRFD clause
3.6.1.1.2, or optionally edited via the Advanced Settings dialog. The optimisation
process takes account of the multiple presence factors when calculating the most
onerous load effect, such that every lane may not be loaded. As per clause 3.6.1.1.2
they are not applied to the Fatigue loading. By default the 1.20 factor for a single
loaded lane is not applied to Permit vehicles alone - the factor of 1.2 for a single lane
loaded is due to HL-93 having been originally calibrated for two lanes, and it is
assumed that this calibration has not been applied to Permit vehicle definitions. This
setting can, however, be modified in the Advanced Settings dialog.

The dynamic load allowance to AASHTO LRFD clause 3.6.2.1 is applied to all
vehicles in all combinations, but not to the design lane load. The values for All Other
Components to Table 3.6.2.1-1 are applied by default; modifications are possible via
the Advanced Settings dialog.

Two truck loading and two tandem loading for interior piers is included when the
‘Alternative load pattern' option is selected on the Set Influence Surfaces dialog. (See
also Advanced Settings dialog for further details on the two tandem loading).

A Defaults button is provided to reset all values back to those specified in AASHTO
LRFD (or the selected State Bridge Design Manual).
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AASHTO LRFD (7th Edition) Optional Code Settings
(Advanced)

—Load pattern definition — Global factors
v Enclude relieving axles [ Change global factars

Design truck rear axle zpacing lm Strength | W
™ Include twa tandsm alterative o twe tuck Strength I W
[ Change dynamic load allowance [Ik4) Shength ¥ W
Fafiglie IF E Extreme | IF
All ather limit states Iﬁ 4 Extremell IF
[" Change multiple presence factars [MPFs) Semvice | I_I—
1.2.1.0.85. 0.65 A IF
¥ Ditferent MFF for single lane of Pemit I'I_ S ervice [l IF
™ Specify number of lanes I— Fatigue | IF
I Transverse vehicle position for deck overhang design Fatigue I lﬁ
Deflection I‘I_

Defaultz | ITI Cancel | Help |

This dialog is used to view and modify dynamic factors, multiple presence factors,
global factors and a number of additional settings.

Load pattern definition

O Exclude relieving axles. AASHTO LRFD clause 3.6.1.3.1 states “Axles that do
not contribute to the extreme force effect under consideration shall be
neglected.” By default relieving axles are therefore excluded from generated
loading, but all vehicle axles may be included by unchecking this option.

= Design truck rear axle spacing. The Design Truck from AASHTO LRFD
clause 3.6.1.2.2 has a rear axle which varies from 14ft to 30ft; this is
implemented by default. This option gives the opportunity to restrict which axle
spacings are considered in order to give a faster optimisation process. Axle
spacing options should only be restricted when engineering judgement deems
this will give a sufficiently accurate result. This option does not affect the axle
spacing where it is specified elsewhere, i.e. two trucks (for interior piers) will
still have a 14ft rear axle to AASHTO LRFD clause 3.6.1.3.1 and for fatigue
the truck will still have a 30ft rear axle to AASHTO LRFD clause.

» Include two tandem alternative to two truck. This option allows the
inclusion, to AASHTO LRFD commentary clause C3.6.1.3.1, of a two tandem
alternative to the two truck loading. When selected it does not replace the two
truck loading, rather it is an additional load, with the most onerous being
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selected. This option is unchecked by default for AASHTO LRFD 7th Ed, but
may be checked by default according to a State’s Bridge Design Manual.

Change dynamic load allowance (IM). This option allows the modification of
the IM from the values in AASHTO LRFD Table 3.6.2.1-1 for All Other
Components, which are implemented as default values. Dynamic load
allowance is applied to all vehicles in all combinations, but not to the design
lane load.

Change multiple presence factors (MPFs). This option allows the
modification of the MPFs from the values in AASHTO LRFD Table 3.6.1.1.2-
1, which are implemented as default values. The textbox has a comma separated
list of four variables, applicable respectively to: one lane loaded, two lanes
loaded, three lanes loaded, more than three lanes loaded.

Different MPF for single lane of Permit. By default the 1.20 factor for a
single loaded lane is not applied to Permit vehicles alone - the MPF of 1.2 for a
single lane loaded is due to HL-93 having been originally calibrated for two
lanes, and it is assumed that this calibration has not been applied to Permit
vehicle definitions. This is in accordance with many States’ Bridge Design
Manuals. However, the default is changed for those States whose manuals
specifically use an MPF of 1.2 for Permit vehicles.

Specify number of lanes. By default the carriageway is divided into standard
12ft design lanes, or two equal width lanes for carriageways from 20ft to 24ft
wide, as per AASHTO LRFD clause 3.6.1.1.1. This option is provided in
accordance with the same clause, allowing the number of design lanes to be
specified if their width is less than 12ft. If this option is selected the
carriageway will be divided into the specified number of equal width lanes,
although the lanes may not be less than 10ft wide due to the width of the
notional design loads.

Transverse vehicle position for deck overhang design. As per AASHTO
LRFD clause 3.6.1.3.1 the wheel loads should usually be restricted to 2ft from
the edge of the design lane / curb, but should be allowed within 1ft of the curb
for the design of the deck overhang. By default the wheel loads are therefore
restricted to 2ft from the edge of the carriageway, but on selecting this option
that distance is reduced to 1ft.

Global factors

Change global factors. The default values provided to AASHTO LRFD Table
3.4.1-1 may optionally be edited. YEQ for Extreme I, which is to be determined
on a project specific basis, has been assigned a default of 0.50. NB The default
value for the factored Deflection combination is that for Service I, as per
AASHTO LRFD clause 3.4.2.2, but may be edited to be different to that for
Service I. The value entered is only used for the factored Deflection
combination and not for the unfactored combination.
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= A Defaults button is provided to reset all values back to those specified in
AASHTO LRFD (or the selected State Bridge Design Manual).

AASHTO LRFD (7th Edition) Special Vehicle
Selection

Vehicle Selection

[ Permit Example

Ok, I Cancel | Help |

By clicking the _I button on the Optional Code Settings dialog a Special Vehicle
Selection dialog is displayed. This allows the inclusion of a Permit Example.

State Implementations of AASHTO LRFD (7th Edition)

The majority of the Departments of Transportation in the United States publish a
Bridge Design Manual or equivalent, which may clarify, add to, or modify the
requirements of AASHTO LRFD. The list below contains those States whose manuals
have been implemented, along with details of any additions or modifications. If
optimisation to a manual not listed below is desired, please contact LUSAS to request
its implementation.

Unless otherwise noted for a particular State, all Permit/Owner-specified vehicles
below are implemented with a 6-foot transverse wheel spacing and excluding all other
loads from their lane, but allowing HL-93 loads in other lanes.

O Alabama - ALDOT Structural Design Manual, June 2014 - No changes to
AASHTO loading.

U Delaware - DelDOT Bridge Design Manual, May 2005 - No changes to
AASHTO loading.

Q Florida - FDOT Structures Design Guidelines, January 2014 - The load factor
for Extreme | is set to 0.0 as per FDOT SDG clause 2.1.1
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O Georgia - Georgia DOT LRFD Bridge and Structure Design Manual, October
2013 - No changes to AASHTO loading.

O Hawaii - (Email from HIDOT) - No changes to AASHTO loading.

O Idaho - Idaho LRFD Bridge Design Manual, April 2008 - Two tandem loading
is included by default as per Idaho LRFD BDM clause 3.6.1.3.1. The load
factor for Extreme I is set to 0.0 as per ldaho LRFD BDM clause 3.4.1.

Q Ilinois - lllinois DOT Bridge Manual, January 2012 - No changes to AASHTO
loading.

U lowa - lowa DOT LRFD Bridge Design Manual, July 2014 - No changes to
AASHTO loading.

U Kentucky - Division of Structural Design Guidance Manual, as modified by
Transmittal Memorandum 08-01-2008 - The HL-93 loads are by increased 25%
to create KY-HL-93 loading, as per Transmittal Memorandum 08-01 clause
3.6.1.2. This increase is applied to Fatigue and Deflection loading also.

U Louisiana - Louisiana LRFD Bridge Design Manual 1st Ed, September 2008 -
The Louisiana Special Design Vehicles specified in LADOTD LRFD Bridge
Design Manual Figure 3.1 are included in the Strength Il limit state.

U Louisiana LRFD Bridge Design Manual 1st Ed, September 2008 (inc BDTM to
Feb 2009) - The Louisiana Special Design Vehicles specified in LADOTD
LRFD Bridge Design Manual Figure 3.1 are included in the Strength I1 limit
state and the Live Load Factor for Service Il Limit State to 1.00 as per
BDTM.02.

O Maryland - (Email from Maryland SHA) - No changes to AASHTO loading.

U Massachusetts - Massachusetts LRFD Bridge Manual, 2009 - The load factor
for Extreme | is set to 0.0 as per massDOT Bridge Design Manual clause
3.4.3.2.

U Michigan - MDOT Bridge Design Manual, August 2009 - The design tandem is
replaced with a single 60 kip load and all loads are multiplied by 1.2 to create
HL-93 Mod loading as per MDOT Bridge Design Manual clause 7.01.04. The
optional dual tandem is also replaced by an optional dual 60 kip load. Fatigue
and Deflection loading is not increased from standard AASHTO loading.

U Mississippi - (Email from MDOT) - No changes to AASHTO loading.

O Missouri - Missouri LRFD Bridge Design Guidelines - No changes to
AASHTO loading.

U Montana - Montana Structures Manual, August 2002 - No changes to
AASHTO loading.

U Nebraska - NDOR BOPP, April 2014 - The load factor for Strength | is
increased from 1.75 to 2.0 as per NDOR BOPP Clause 2.2.2.

O New Hampshire - NHDOT Bridge Design Manual v2.0 (January 2015) - No
changes to AASHTO loading.
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New Mexico - NMDOT Bridge Procedures and Design Guide, April 2013 - The
Permit Vehicle P327-13 is included in the Strength 1 limit state as per NMDOT
Bridge Procedures and Design Guide clause 3.1.13. NB Figure 3.1B plan view
shows four wheels of 6.25kip each; transverse spacing between wheel pairs is
defined as 6ft but no transverse spacing within the pairs is defined. AASHTO
LRFD clause C3.6.1.2.5 gives tyre contact width (in inches) as P(in kip)/0.8 =
6.25/0.8 = 7.8125in. P327-13 has therefore been implemented with 7.8125in
transverse spacing between wheels in a pair.

North Carolina - North Carolina Structure Design Manual, February 2014 - No
changes to AASHTO loading.

North Dakota - North Dakota DOT Design Manual, July 2011 - No changes to
AASHTO loading.

Ohio - Ohio Bridge Design Manual, July 2007 - The load factor for Extreme | is
set to 0.0 as per Ohio Bridge Design Manual clause 1003 - S3.10.9.2.

Oregon - Oregon Bridge Design and Drafting Manual, October 2013 - The
permit trucks ODOT OR-STP-5BW and ODOT OR-STP-4E are included in the
Strength 11 limit state as per Oregon Bridge Design and Drafting Manual clause
1.3.2.

Rhode Island - Rhode Island LRFD Bridge Design Manual, January 2007 - The
live load for deflection is replaced by the most onerous of 125% of the Design
Truck or 33% of the Design Truck with the Design Lane as per LRFD Bridge
Design Manual clause 3.4.5. The load factor for Extreme 1 is set to 0.0 as per
LRFD Bridge Design Manual clause 3.2.3.

South Carolina - South Carolina Bridge Design Manual, April 2006 - No
changes to AASHTO loading.

South Dakota - (Email from SD DOT) - The SD agency vehicles SD Strength
Il Long and SD Strength 11 Short are included in the Strength Il limit state.

Tennessee - (Email from Tennessee DOT) - No changes to AASHTO loading.

Texas - Texas DOT Bridge Design Manual, LRFD, March 2013 - No changes
to AASHTO loading.

Utah - Desigh Memorandum 09-2010 - No changes to AASHTO loading.
Vermont - VTrans Structures Design Manual, 2010 - No changes to AASHTO
loading.

Virginia - VDOT Modifications to AASHTO LRFD 6th Ed, January 2013 - No
changes to AASHTO loading, but note that the Multiple Presence Factors may
need manually editing via the Advanced Settings Dialog for specific structural
elements and spans, to meet the requirements of VDOT Modifications Section
3.

Washington - WSDOT Bridge Design Manual, August 2012 - Two tandem
loading is included by default as per WSDOT Bridge Design Manual clause
391
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O West Virginia - WVDOH Bridge Design Manual, March 2004 - No changes to

AASHTO loading.

O Wisconsin - Wisconsin Bridge Manual, January 2014 - The Wisconsin Standard

Permit Vehicle (Wis-SPV) from WisDOT Bridge Manual Figure 45.6-1 is
included in the Strength 11 limit state.

O Wyoming - WYDOT Bridge Design Manual, April 2013 - No changes to

AASHTO loading.

User Settings

User Settings

[ Use UDL ™ Usze Vehicle

— Standard USEFR options

[ Use KEL [~ Use cusping ™ One way traffic
Yehicle I Surfacel Tlafficl Lare I
units Incremment
KEL's I Type I JER Tupe I

Lane markings I

K. factor curve I

— Advanced USER options

[ Edit advanced USER code options Advanced.,. |
Set defaults | Ok, Cancel | Help I

The following options are available for selection:

a

Use UDL - specifies whether to apply the HA loading (which includes KEL
loading). To use this option select the check box next to the label, to deselect
this option ensure that the check box is not selected.

Use vehicle - specifies whether to apply an abnormal vehicle. If selected, the
abnormal vehicles are applied to the carriageway. If not selected, then HA
loading only is applied.

Use KEL - specifies whether to apply Knife Edge Loads. If selected, Knife

Edge Loads are applied to areas with UDL loading, according to the standard in
use. If not selected, no KEL’S are applied.

Use cusping - specifies whether to apply cusping when working out loadable
areas. If selected, cusping is applied. If not selected, cusping is not applied.
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One way traffic - specifies that a bridge carrying traffic in one direction only
would result in the doubling of the N value in the calculation of the HA lane. If
ONEWAY is selected, then the value of N used in the table is doubled.

Vehicle units - specifies the number of HB Units to use. In cases where an
abnormal vehicle uses HB Units, the values of the weights of the axles are
multiplied by the number of HB Units.

Surface - allows the user to specify the quality of road surface, as defined in the
BD 21/97 standard, as Good or Poor. This option has no effect in any of the
other standards. If an invalid value is specified Autoloader gives a warning and
uses the default value.

Traffic flow - specify the traffic level as defined in the BD 21/97 standard as
High, Medium or Low. This option has no effect in any of the other standards.
If an invalid value is specified Autoloader gives a warning and uses the default
value.

Lane increment - specifies the increment interval used when moving lanes
across the carriageway within the JKR standard. The smaller the increment, the
more accurately the position of the vehicle will be calculated on the
carriageway, this gives more accurate results. A larger increment gives quicker
Autoloader runs. The user must choose through experience an appropriate
value. If an invalid value is specified Autoloader gives a warning and uses the
default value.

KEL’s - specifies the number of KEL's to apply within a specified design lane.
This will generally be used when AUSTROADS is applied, but can also be

used within the other standards. If an invalid value is specified Autoloader gives
a warning and uses the default value.

Type - allows the user to specify either an urban road or a rural road, as defined
in the AUSTROADS standard. This option has no effect in any of the other
standards. If an invalid value is specified Autoloader gives a warning and the
default value is used.

JKR Type - specify either controlled or uncontrolled vehicle movement, as
defined in the JKR standard. This option has no effect in any of the other
standards. If an invalid value is specified Autoloader gives a warning and uses
the default value.

Lane markings - define marked traffic lanes in relation to the carriageway(s).
Each set of values consists of a carriageway number and two sets of x and y
values, through which the lane edges pass. The traffic lane is assumed to be
parallel to the carriageway kerbs.

K factor curve - change the relationship between loaded length and the K
factor. Each pair of values consists of a length and a factor for that length.
Autoloader performs linear interpolation between these values. If a more
accurate value is required as many points as possible should be defined.

Edit advanced User code options - further to the basic code options provide on
this dialog Autoloader allows more advanced changes to the code to be made.
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To access this functionality ensure that the check box next to the label is
selected and click on the Advanced button.

User Advanced Settings

User Settings

[T UseUDL ™ Use Vehicle

— Standard USER options

[~ Use KEL [~ Use cusping [ One way traffic
Yehicle I Surfacel Tlafficl Lane I
uriits Increment
KEL's I Type I JER Tvpe I

Lane markings I

K factor curve I

Advanced USER options

" Edit advanced USER code options Arlvaneed. |
Set defaults | oK | Cancel | Help I

The following User advanced options are available for selection:

Q

coodo O

oo

File containing Alternative vehicle - defines a list of vehicles to be tried as an
alternative to HA loading. When loading an HA lane, Autoloader tries to place
vehicles from this list within the lane, and if the effect is greater than HA
loading, uses that vehicle instead. Each vehicle must be specified in the
Autoloader vehicle library.

SLS Load factors - specify the partial load factors for the Serviceability Limit
State

ULS Load factors - specify the partial load factors for the Ultimate Limit State.
SL - specify the partial load factors for the Service Load State.
LF - specify the partial load factors for the Load Factor Design.

Lane width - specifies the L44 lane width. If an invalid value is specified
Autoloader gives a warning and uses the default value.

Pedestrian load - specify an alternate value for the Pedestrian Load.

Lane width table - Each 3 values are taken as a lower limit, an upper limit, and
a number of notional lanes. After calculating the carriageway width, Autoloader
works its way down the table, checking the calculated width against the values
in the table.
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Construction
Tables

Overview

The construction table facility can be used to produce Camber, Displacement History,
and Incremental Displacement tables of results for selected locations (points) on the
model, and for any specified results loadcases. It is available for selected LUSAS Civil
& Structural and LUSAS Bridge software products only. It is accessed from the Civil >
or Bridge > Construction Table... menu item.

Prior to selecting the Construction Table menu item, points of interest need to be
selected on the model. The construction table facility calculates values for the nodes
associated with those selected points, in the order that the points were selected. If the
specified loadcases include time dependent effects (e.g. creep), the time at which the
values are measured will also be included.

Selecting an analysis

O Analysis The analysis containing the loadcases defining the construction stages
must be selected. It is not possible to include loadcases from more than one
analysis in the construction table.

Table types supported

O Camber table to target stage Camber tables are the reverse of Displacement
History tables (see below), and are used to set-out a structure towards a target
(as-built) profile while accounting for effects during construction, such as dead-
load deflection, creep and concrete shrinkage. They can also be used to ensure
the deflection of a structure under live-load does not encroach inside a
clearance zone (typically referred to as pre-camber). A target (zero
deformation) construction stage (loadcase) within the selected analysis must be
specified from the drop-down list of those available for the chosen analysis.
Where loadcases include nonlinear time-steps it is assumed that the final time-
step is representative of the loadcase defining that construction stage as a
whole.The values of the Camber table are absolute with reference to an
undeformed geometry 'datum'.
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U Displacement history A Displacement History table reports the absolute

displacement of a series of key-points at each stage with reference to an
undeformed geometry ‘datum'. This information may be used, for example,
when constructing reinforced earthwork ramps, to determine the settlement at
each rise and the required flexibility of transition slabs, or the total
displacement of specified points throughout the construction of a bridge after
each stage.

4 Incremental displacements An Incremental Displacement history table reports

the stage-by-stage deformation of a structure. It tabulates the relative
displacements between each construction stage, which can then be used in
setting-out of structures built using sequential construction methods.

See Construction Tables Explained for more details.

Filter options
U Whole only reports on deformations for all loadcases in a selected analysis.
O Specified loadcases provides the means to specify a subset of sequential, non-

repeating loadcases with results from the current analysis to include as stages
within the table. Where loadcases include nonlinear time-steps it is assumed
that the final time-step is representative of the loadcase defining that
construction stage as a whole.

O Only report vertical axis reports only on deformations in the vertical axis

direction for the selected point (and hence node) locations (if checked), or
reports on deformations in all three axes (if unchecked).

Notes and limitations

Loadcase stages selected for inclusion within a construction table must be
sequential and cannot repeat

The camber table is effectively the inverse of the displacement history. In a
simple example, the target geometry of a bridge is cambered upward, so that the
final as-built shape is notionally flat: the upward camber is the inverse of a
calculated sag from the analysis. However, the approach has limitations and
care should be taken when using the Camber Table for structures with
nonlinearity. For example, if a beam buckled to the left during the analysis, the
Camber Table would suggest a target geometry with that beam heavily
cambered to the right. This would not be an appropriate use of the Camber
Table function. Similarly, lift-off during construction needs to be considered
carefully, since it may present construction risks, and a Camber Table based on
an analysis with lift-off would probably not give appropriate target geometries.
However, in structures with taut cables or with certain material nonlinearities,
for example, the use of the camber table may be acceptable, understanding that
it will be an approximation.
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Construction Tables

Construction Tables Explained

Three different construction tables can be created: Camber, Displacement History, and
Incremental Displacement.

Camber table

Camber tables are used to set-out a structure towards a target (as-built) profile while
accounting for effects during construction, such as dead-load deflection, creep and
concrete shrinkage. Displacement values in a Camber table are absolute values with
reference to an undeformed geometry 'datum’. They are effectively the reverse of
Displacement History tables (see below).

By definition a Camber table means that the currently undeformed mesh (the model
geometry) must be displaced to achieve the same geometry at a later stage. As a result
an undeformed mesh 'Datum’ is always added to the table.For the Camber table shown
below, the target stage was defined as Stage 3. For this, the table was calculated to
achieve the undeformed mesh geometry on the 180th day (end of Stage 3).

BH LUSAS View: Camber 1S [=] E3
H=|[&
Paint D= 1 2 4 [ 8
Pairt 1Dz 1 2 4 B g
Mode IDs 1 13 25 ar 49
Stage 1D Stage ID Time
Datum Datum 00 0183571
1:Stage 1. O to 60 Days 1:5tage 1: 010 B0 Days E0.0 00 ¢ 0124137 : 0.346919
2:5tage 2: 60 to 120 Days 2:5Stage 2 6010 120 Days 1200 0.0 00578217 017562 © 0350065
3:Stage 3 12010 150 Days G:Stage 3: 120to 180 Days 1800 on oo 0.0 on
4:Stage 4 18010 240 Days 4:Stage 4: 180 to 240 Days 2400 0.0 -0.0455157-01496588 -0.331653 -0 602775
S:Long-term: 240 to 1000 Days | 5 Long-term: 240 to 1000 Days 1.0E3 00 ¢ -0211046 :-0539432: -1.02585 © -1.71095
4 4 F MY Modelinfo 4 Camber

Notes

e Row 4 of the table (the Datum row) specifies the geometry at the start of Stage
1 (0 days)

e Row 5 and 6 specify the target geometry at the start of Stage 2 and Stage 3
respectively

e Rows 7, 8 and 9 specify the resulting geometry at the end of Stage 3, Stage 4
and Long-term respectively.

e Displacements are shown if a node is active in the following stage prior to the
target, and the current stage for both the target and those after.
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Displacement History table

A Displacement History table reports the absolute displacement of a series of key-
points at each stage with reference to an undeformed geometry 'datum'. This

information could be used, for example, when constructing reinforced earthwork

ramps, to determine the settlement at each rise and the required flexibility of transition
slabs, or the total displacement of specified points throughout the construction of a
bridge after each construction stage.

The Displacement History table below shows displacement values in all three axes on a
model with time-steps. Where a node associated with a point is deactivated during a

loadcase no displacement is reported and the respective cell is left blank. If only

particular loadcases were specified for inclusion (as opposed to listing results for the
whole analysis) the results for each excluded stage will be omitted.

BB LUSAS View: Displacement History - [O] =]
EIE] R

Poirt = 1 1 1 2 2 2 4 4 4 -]

Pairt D= 1 1 1 2 2 2 4 4 4 -3

Mode D5 1 1 1 13 13 13 25 25 25 37

Stage ID Stage ID Time X A z X A Z 4 A z e

1:5tage 1: 0to 60 Days 1:Stage 1: 010 B0 Days E0O 00 : 00 - 00 00229145 -0.0644341: 0.0
2:Stage 2: B0 to 120 Days Z:Stage 2 6010 120 Days 1200 00 (00000103715 -0130649 © 0.0 :0.330909:-0242645 0.0

3:Stage 30 12010 180 Days 3:Stage 3: 12010 1680 Days 160.0 00 00 - 00 : 0214447 & -0188571 © 00 © 076256 -0415465: 0.0 14792
4:Stage 4: 18010 240 Days 4:Stage 4 160 to 240 Days 2400 0o (00000307651 @ 0235357 © 00 © 117587 :-0568153 0.0 25148
S:Long-term: 240 to 1000 Days | 5:Long-term: 240 to 1000 Days 1.0E3 00 00 @ 00 ° 0352284 0 -0399617 | 00 @ 139757 -0857886° 0.0 ‘50288
g |

4 4 b b Y Modelinfo ) Displacement History

Incremental Displacement table

An Incremental Displacement history table reports the stage-by-stage deformation of a

structure. It tabulates the relative displacements between each construction stage,

which can then be used in setting-out of structures built using sequential construction

methods.

In the Incremental Displacement table example shown below, the stage identified for
each row is the ‘to’ loadcasse, with the previous row defining the ‘from’ loadcase for
the increment. In the case of the first stage row, the displacement increment is ‘from’
the undeformed mesh. This is true even if particular loadcases are not specified for

inclusion, as shown where Row 6 reports the displacement from Stage 2 to Stage 4.

Associated nodes are considered active (and therefore valid for inclusion) if they are
active in either of the ‘from’ or ‘to’ loadcase stages.
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BB LUSAS View: Incremental Displacement [_ O] x]
EH Sk

Pairt ID= 1 1 1 2 2 2 4 4 4 [

Pairt ID= 1 1 1 2 2 2 4 4 4 ]

Mode D= 1 &l 1 13 13 13 25 25 25 37

Stage ID Stage I0 Time X A Z » A A Z 4

1:5tage 1: 0to 60 Days 1:5Stage 1: Oto B0 Days E0.0 00 : 00 : 00 00220145 -0.0544341: 0.0
2:Stage 2 6010 120 Days 2:5tage 2 G0to 120 Days 1200 00 00 00 :00356001:-00662152: 0.0 (0.272435:-0171099; 0.0

4 Stage 4: 160 to 240 Days 4:Stage 4 180 to 240 Days 240.0 00 © 00 @ 00 0195937 | -0104737 | 00 ‘0847795:-0.325509: 0.0 © 1542

S:Long-term: 240 t0 1000 Days | 5 Long-term: 240 to 1000 Days 1.0E3 00 00 : 00 0044633 -016423 © 00 :0.218565:-0.389743: 00 05141

< | l
4 4 F M\ Modelinfa p Incremental Displacement /

Notes applicable to all tables

e The first two rows of each table always show the ID of the selected point and
the ID of the implied node that the column refers to.

e The first column of each table contains the Loadcase ID of the loadcase used to
form the stage, followed by the name of the loadcase.

e If an analysis has a time component (as it does for the example tables shown)
an additional Time column will be prepended to the start of the displacement
column data. This will be left blank if an analysis has selected loadcases
without a time component.

e Where the table is not limited to displacements in the vertical axis direction an
additional header row will be included where axes labels related to the global
direction of displacement for that column.

e Table values are reported in model units, with the exception of any time-based
values.

e Fixed column and row headings (duplicating the information inside the first
column and row) are provided for assistance when viewing and scrolling large
amounts of data in LUSAS, or when copied to a spreadsheet for third-party
graphing purposes.
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Cable Tuning
Analysis

Overview

A cable tuning analysis calculates load factors for selected lines in a model that
represent cables in order to achieve defined target values set for various feature types
and results component. Lines representing cables should be assigned a bar or beam
element with only one mesh division.

A cable tuning analysis can be set-up by use of the Analyses > Cable Tuning
Analysis menu item. This is provided in selected Bridge and Civil & Structural
software products only. By using the tabbed dialog presented, lines in the model that
represent cables are selected for inclusion in the cable tuning analysis, a solution
method chosen, and model or results loadcases specified to try and achieve target
values that are defined for particular components or features. An 'exact’ method, an
optimisation facility and two best-fit solution methods are available. The Cable Tuning
dialog is functionally similar to the Target Values dialog, with the exception that a
Cables page is included to allow the selection and inclusion of lines representing cable
stays.

Use of loadcases in cable tuning analysis

In a cable tuning analysis a unit tensile loadcase is automatically generated for any line
selected to represent a cable stay. These loadcases will be factored by the optimisation
algorithm to try an achieve a solution. Structural loading can also be applied as part of
a cable tuning analysis. The effect of these loads on the cables will also be considered
when achieving a target solution.

A cable tuning analysis can be solved independently from any other analyses defined
within the model.

When solved, cable tuning results 2 are held in a separate Cable tuning analysis entry
in the Analyses €] Treeview. This contains a folder with the individual solved and
generated loadcases for each table, and a results combination representing the achieved
target profile. Note that the loadcase naming convention used is automated and cannot
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be edited, however it indicates the line representing the cable is factored. Double-
clicking a Cable tuning analysis entry (or selecting Edit from its context menu) will

show the settings used to create it.

Solution types

The choice of solution type can be made on any of the cable tuning dialog pages.

Solution

’76 Exact " Cptimised " Best fit (discrete least squares) ™ Best fit fChebyshey)
Cables Loadcases Targets

Type Name Entity Component Condition Yalue
1 |Point ] Dizplacement [Bhg = 005
2 |Lire start 12 Force/Maoment - Bar Fx = 300.0
3 |Paint 9 Dizplacement hkg = 00a
4 |Point 11 Dizplacement hkg = 00a

The type of solution that can be chosen is dependent upon the number of lines selected

to represent cables and the number of equality conditions specified (as seen in the
Condition column on the Targets grid). An equality condition can be set for either a

point or the start or end of a line. The solution type can be set to be:

O Exact. This requires the number
of equality conditions (as seen
in the Condition column on the
Targets grid) to be the same as

the number of lines

(representing cables) present in

the Included panel on the
Cables page. No inequality
conditions can be defined for
the exact method. Using this
option, only one solution is
possible.

4 lines (cables)

4 point displacement target values set on deck
No. of equality conditions (4) = no. of lines (4)

See Case study: Cable Stay Analysis for a basic procedure using the Exact method.

Note that the exact solution for a given set of target values may produce negative

factors for some cable and loading arrangements. If this occurs an optimised solution
should be investigated where all of the points of interest are permitted to move a small
distance to try and achieve a better solution. In the case of Points being used to restrict

displacement in a bridge deck (as shown in the accompanying images) this would

amount to specifying a distance that would slacken the cables.
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O Optimised(an under-determined 4 lines (cables)
solution) requires the number of
equality conditions to be less
than the selected number of
lines (representing cables)
present in the Included panel on
the Cables page that are marked
as having a Calculated factor.
Any number of targets 4 point displacement target values set on deck
specifying inequality conditions No. of equality conditions (2) < no. of lines (4)
can be defined. For this option a
range of solutions is possible
provided that they are not
mutually exclusive.

Options to minimise or maximise the calculated factors for a variety of in-built or
specified criteria are provided on the Optimisation criteria page..

O Best fit (discrete least squares)
and Best fit (Chebyshev)(both
over-determined solutions)
require the number of equality
conditions to be greater than or &
equal to the selected number of
lines representing cables in the
Included panel on the Cables
page that are marked as having 6 point displacement target values set on deck
a Calculated factor. Any No. of equality conditions (5) > no. of lines (4)
number of targets specifying
equality or inequality conditions
can be defined. For this
approach no unique solution is
guaranteed.

4 lines (cables)

O Discrete least squares provides positive and negative load factors. No
inequality conditions can be stated for this option.

O Chebyshev will always produce positive load factors. Inequality conditions can
be stated for this option.

Related pages

The cable tuning dialog pages Cables, Loadcases, Targets and Optimisation criteria
should be visited to specify all data required for a cable tuning analysis.
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Validating cable tuning parameters

U Validate input The Validate Input button should be used to check if the number
of equality conditions and the number of lines representing cables are valid for
the chosen Solution method. Three different outcomes exist.

e Inputis valid - the analysis can proceed.
e An error message regarding an imbalance in the equality conditions and the
number of lines representing cables will be displayed requiring correction.

e The message "Exact solution type required” will appear indicating that,
because the number of equality conditions and humber of lines representing
cables is the same, an optimised or best fit solution cannot be obtained. An
Exact solution should be used instead.

Identifying a feature in the grid

O Identify selection locates a selected feature (a point or a line) in a model. When
the row for a feature is selected in the grid on the dialog, and this checkbox is
‘on’, the corresponding feature (point/line) is located in the View window by
animating concentric shrinking squares.

Saving cable tuning parameters

When the OK or Apply button is pressed all input is saved, even if it contains
errors/inconsistencies. If the input was valid a cable tuning analysis = entry will be
added to the Analyses €] Treeview. A Cable tuning Results entry 2 will also be

added. If the input is invalid the invalid data sign icon @ will appear instead, and
corrective measures will be needed.

Solving a cable tuning analysis

To solve a cable tuning analysis = choose the Solve Now menu item on its context

menu or press the Solve button ——1 on the main toolbar menu. A Stress and Strain

loadcase with a unity value is automatically created in the Analyses €] Treeview and is
assigned to the all lines in the model that were selected to represent the cables, this
represents a 'unit load' used for optimisation

Viewing results of a cable tuning analysis

¢ Right-click on the Cable tuning Results entry i and select Set Active to view
results.
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e Double-click on the Cable tuning Results entry 1o display the load factors
calculated to achieve (or achieve as near as practicable) the specified target
values.

Cable tuning results options

The context menu for a Cable tuning Results entry 4 contains the following menu
items:

O Calculated Factors displays the load factors calculated for each loadcase (and
hence each line representing a cable) in order to achieve the target values. All
entries in the grid are read-only.

O Create Combination Creates a combination containing the loadcases used in
the Cable tuning results loadcase, with each loadcase factored by the values
calculated by the cable tuning analysis. This allows suitable further analysis to
be carried out. The menu item is greyed out unless the loadset has been solved.

U Create Loadcase Creates a loadcase that could be used in a nonlinear analysis.
This loadcase contains the loadings used in the Cable tuning results loadcase,
with each loading factored by the values calculated by the cable tuning analysis.
The menu item is greyed out unless the loadset has been solved.

Superposition

When a cable stay analysis is carried out, LUSAS cannot verify that superposition
holds when combinations or envelopes contain loadcases from different analyses or
when nonlinear behaviour is being considered. This may occur if lift-off supports are
present, or when geometric or material changes take place between analyses.

Converting cable tuning analysis data into target
values data

The context menu for the cable tuning analysis = entry contains the following menu
item:

O Create target values - this converts the cable tuning loadset data into an
equivalent target value loadset. This can then be used for further analysis and
investigation using additional criteria. See Target VValues for more details.
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Case Study: Cable Stay Analysis

The basic procedure to carry out a cable stay analysis of a simple 4-stay bridge using
the Exact method is as follows:

1.Select the same number of 4 lines (cables)
points (4) on a bridge deck as
lines representing cables of
interest (4) and add the lines
representing the cables to the
point selection.

2. Select Analyses> Cable 4 point displacement target walues set on deck
Stay Analysis Mo, of equality conditions (4) = no. of lines (4)

3.0n the Cables tab press the All button include all the lines from the selection.

4.0n the Loadcases tab press the Add to ﬂ button to include all loadcases to
be used in the target value analysis.

5.0n the Targets tab press the Add Selected button to add the 4 points previous
selected.

6. Specify target criteria for those points. For example Displacement, DZ, 0.05.

7.Check the Exact solution is requested and press the Validate button to check
the input is suitable.

S.ﬂ Solve the model.

9. Right-click on the Cable tuning Results X entry and choose Calculated
Factors to view the load factors required for each cable to achieve the
specfied target values.

10. (Optional) Right-click on the Cable tuning Results s entry and choose
Create loadcase to create a single loadcase with loadings for each cable
factored according to the calculated values.

Note that the points (and line start/line ends) selected to define target value criteria can
be for any part of a structure.

Worked Example

The worked example 'Cable Stay Bridge' in the Application Examples Manual (Bridge,
Civil and Structural) shows how linear cable tuning analysis is carried out for a simple
structure.
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Prestress Loading

Overview

The single and multiple tendon prestress wizards calculate equivalent nodal loading
due to post tensioning and assign these forces automatically (and using search
areas) to selected lines (and hence nodes and elements) of the model for the current
active loadcase.

e The single tendon prestress wizard supports beam, tendon, plane stress and
solid element modelling of concrete.

e The multiple tendon wizard only supports beam element modelling of concrete.

Design codes supported

For both the single and multiple tendon prestress wizards the computation of tendon
forces can be carried out in accordance with AASHTO-LRFD (2nd, 5th, 6™ and 7th
Editions), BS5400-4:1990, Eurocode EN1992 (Design Draft and 2004 Editions) and
JTG D62-2004 codes.

Prestress loading options are accessed from the Bridge > Prestress Wizard menu
item.

Which to use?

e The Single tendon prestress wizard does not take into account any stressing or
unstressing of any other tendons. It is for use with beam, tendon, plane stress
and solid element modelling of concrete.

e The Multiple tendon prestress wizard takes into account elastic shortening
due to stressing of other tendons according to the selected design code or user-
defined percentage losses. As such it is more suited to staged construction
analysis. It is however limited to use with beam element modelling of concrete.
If the option to ignore effects due to elastic shortening is chosen the loading
computed will be the same as that calculated by the single tendon wizard.
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Single Tendon Prestress Wizard

The Single Tendon prestress wizard is accessed from the Bridge > Prestress Wizard
menu item.

The wizard generates tendon loads as either beam element loads or as discrete loads,
depending upon the analysis type chosen. The tendon load attributes created can be

seen in the Attributes &% Treeview. Direct import of tendon forces may also be defined
via an Excel spreadsheet. The single tendon wizard does not take into account any
individual stressing or unstressing of any other tendons. For sets of tendons it may be
used if all tendons are stressed at the same time.

A model may contain many tendons and the single tendon prestress wizard can be used
separately on each to derive equivalent nodal loading on the mesh for all the tendons
used. Structural concrete surrounding a tendon may either be modelled as a series of
beam elements, or by a set of plane stress or solid elements. For examples see the
analysis types supported below.

Usage

To use the single tendon prestress wizard:

1. Select the spline or combined line defining the tendon.

2.1f carrying out a beam analysis, additionally use the Shift key to select the
beam(s)

3. Select the relevant design code from the Bridge > Prestress Wizard > Single
Tendon menu item.

The prestress wizard computes the equivalent forces due to the prestress tendon in
accordance with a chosen code and assigns them to the current active loadcase of the
beam, plane stress or solid elements automatically. After load assignment the forces
resulting from the tendon will be shown. Using this simplified force approach, the
effects of prestress can be defined in a separate linear loadcase that can be combined
with the other loadcases to compute the overall structural behaviour.

Analysis Type
Four analysis types are supported; Beam, Tendon, Plane Stress and Solid.

O Beam For the beam analysis method the tendon profile must be defined as a
spline. No elements need to be assigned to this spline, but thick beam elements
should be assigned to the line representing the concrete beam. Beams may be
straight or curved and may consist of multiple lines defining each span. Tendon
alignment / realignment is independent of the underlying mesh arrangement.
With this analysis type the tendon is not included in the analysis model. Lines
defining tendon profiles are essentially used solely to derive the forces on the
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surrounding elements defining the structural concrete and, as such, these
tendons are not included in an analysis model. Once used, tendons may be
grouped together and made invisible to simplify subsequent model displays.

- .

Analysis type: Beam

O Tendon For the tendon analysis method the tendon is included in the analysis
model. Thick beam elements should be assigned to the lines defining the tendon
profile (which must for this analysis type only be defined as a combined line)
and the concrete beam surrounding the tendon should be modelled with Plane
Stress or 3D Solid elements. Note that when using a combined line sufficient
points must be used to accurately represent the tendon profile as a series of
straight lines. Tendon alignment / realignment is dependent on the underlying
mesh arrangement. Note that this analysis method does not allow for tendon
realignment as easily as the Plane Stress / Solid analysis option.

L -
T
.

| | . N E
i i R . i :

Analysis type: Tendon

O Plane Stress / Solid For this analysis method the tendon profile must be defined
as either a single line, single arc or a spline. No line mesh elements need to be
assigned to the spline but plane stress / solid elements must be assigned to the
surrounding concrete. The lines representing the tendon are not included in the
analysis model. Tendon alignment / realignment is, therefore, independent of
the underlying mesh arrangement. Lines defining tendon profiles are essentially
used solely to derive the forces on the surrounding elements defining the
structural concrete and, as such, are not included in an analysis model. Once
used, tendons may be grouped together and made invisible to simplify
subsequent model displays. Simple examples of the use of the plane stress and
solid methods are shown below.

bosininiinninsiniofioatl
—t—t
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Analysis type: Plane Stress

Analysis type: Solid

Notes

e An optional report can be generated in HTML file format in your project
directory that contains a summary of the tendon properties, tendon geometry
and prestress losses for a selected tendon.

e Graph datasets can be optionally created to allow subsequent graphing to be
carried out using the Graph Wizard.

e When the prestress definition is computed two graph datasets are created to
enable the tendon losses to be visualised against the tendon length. These can
be seen in the Utilities Treeview.

e Tendon forces can also be computed directly by the user and imported from a
spreadsheet. If this option is selected a filename for the spreadsheet is entered
and when the OK button is clicked the tendon geometry is written to the
spreadsheet. When this has been done the spreadsheet is displayed and the
tendon forces can be added by manually editing the spreadsheet. The forces are
then read into Modeller and the procedure follows that described above for the
codes.

e If tendon realignment is required the previously assigned discrete loading
properties should be removed from the model and the Prestress loading wizard
re-run to calculate the new discrete loading properties for the new tendon
alignment.
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After creation of the tendon loading attributes the subsequent modification of
the tendon profile, or beam lines, will not update the prestress loading until the
single tendon wizard is run again.

Use of the single tendon prestress facility is described in the example ‘Linear
Analysis of a Post Tensioned Bridge’. See the Application Examples Manual
(Bridge, Civil & Structural) for details.

Design codes supported

Prestress definition varies slightly according to the design code selected and is
explained under separate headings. The following design codes are supported:

Coooo0Oo

a

AASHTO LRFD 2nd Edition
AASHTO LRFD 5th Edition
AASHTO LRFD 6th Edition
AASHTO LRFD 7™ Edition
BS5400-4:1990

DD EN1992-1-1:1992 Eurocode 2
EN 1992-1-1:2004 Eurocode 2
JTG D62-2004

Prestress definition can also be imported from a spreadsheet.

Single Tendon Prestress to AASHTO LRFD 2nd Edition

The single tendon prestress wizard generates tendon loads as either beam element loads
or as discrete loads, depending upon the analysis type chosen. The tendon load

attributes created can be seen in the Attributes & Treeview.

Prior to using the single tendon prestress wizard, first select the spline or combined
line defining the tendon and then, but only if carrying out a beam analysis, additionally
use the Shift key to select the beam(s) prior to selecting the design code from the
Bridge > Prestress Wizard > Single Tendon menu items.
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Prestress Definition to AASHTO LRFD 2nd Edition
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Analysis type

Refer to the single tendon prestress wizard overview for details on the analysis types
supported.

Tendon details

O Prestress force The jacking force applied to the tendon or tendon group. Units
are displayed on the dialog according to the model units in use.

Q Tendon area [Ay]. The cross-sectional area of the tendon (or total area of group
of strands if a group is being represented by a single load assignment). In
general, for internal prestressing, tendons of modest size are advisable to avoid
difficulties in housing and anchoring larger tendons with the attendant increase
in thickness of members and in the weight of reinforcement. 19 No 0.6” strand
(Ap=4.123in2) might be a practical upper limit per tendon. However, the
Prestress Wizard will not preclude tendons of larger area.

O Modulus of Elasticity [Eg]. Refer to AASHTO 2nd clause 5.4.4.2. The default
value is 28,500ksi, representing strand.

U Tendon sampling points are the locations along a spline at which calculated
equivalent tendon loads will be applied to the model. Note that the original
points used to define the spline have no bearing on any calculations that are
carried out, they are simply used to ensure a good tendon profile is obtained.

Short term losses

O Duct Friction coefficient [p]. This value is used in the calculation of losses due
to friction according to AASHTO 2nd clause 5.9.5.2.2b, and also in
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determining anchorage losses. Suitable values may be found in Table
5.9.5.2.2b-1; the default value pu = 0.23 is for strand in polyethylene ducts but is
also in the suggested range for rigid and semi-rigid galvanised metal sheathing.

O Wobble factor coefficient [K (per foot)]. This value is used in the calculation
of losses due to friction according to AASHTO 2nd clause 5.9.5.2.2b and also
in determining anchorage losses. Example values may be sought in Table
5.9.5.2.2b-1.

After transfer

O Low relaxation strands (tick-box) Relaxation losses are calculated according
to AASHTO 2nd eqgn 5.9.5.4.4c-2, unless this tick-box is checked, causing 30%
of the value from egqn 5.9.5.4.4c¢-2 to be used, in line with the provisions of
clause 5.9.5.4.4c.

O Relative humidity [H] This value is used in the calculation of losses due to
shrinkage, to AASHTO 2nd clause 5.9.5.4.2. H is defined as the “average
annual ambient relative humidity (percent)” and guidance can be found in
Figure 5.4.2.3.3-1.

Q Concrete stress at transfer [fe,]. This value is used for the calculation of
elastic shortening losses, according to AASHTO 2nd egn 5.9.5.2.3b-1 and,
when long-term losses are requested, for creep losses using eqn 5.9.5.4.3-1.
Creep losses are based on a single value of f, for each tendon (combined with
Afeqp defined below as appropriate), and the elastic shortening losses are based
on a single f.y, value for each member (calculated from the values given for all
the applicable tendons). The value entered for f.g, here should be the stress in
the concrete adjacent to the tendon in question, immediately after tensioning
and anchoring, due to total prestressing forces and self-weight, at the section of
peak moment. Variations in stress arising from permanent actions applied after
prestressing (generally, but not exclusively) leading to elastic shortening gains)
are not incorporated intp the calculation of initial elastic shortening loss.

QO Change in stress due to loads after transfer [fq,]. This value is used for the
calculation of the creep losses, according to AASHTO 2nd egn 5.9.5.4.3-1, and
is defined in the code as the “change in concrete stress at centre of gravity of
prestressing steel due to permanent loads with the exception of the load acting
at the time the prestressing force is applied”. Applied loads and long-term
losses generally oppose the initial prestress that dominates f.4, and so creep
effects arising from A, are subtracted from those arising from fg, in eqn
5.9.5.4.3-1. Therefore where A¢q, represents a reduction in stress from .y, a
positive value for Afg, should be entered into eqn 5.9.5.4.3-1 and this dialog.
As in the case of f.g,, a value appropriate to the concrete adjacent to the tendon
in question may be used.

Jacking details

Jacking end slip and jacking angle can be defined for end 1 only, end 2 only, or for
both ends of the tendon. End 1 is the start of the spline used to define the tendon.
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The jacking angle is the angle between the direction of the tendon at the anchorage and
the direction that the jack is set to pull in. If the jack pulls the cable axially the jacking
angle would be zero.

Generate report

Generates a report as an HTML file in the project directory containing a summary of
the tendon properties, tendon geometry and prestress losses for the selected tendon.

Generate graphs

Generates graph datasets in the Utilities a Treeview to allow subsequent graphing of
prestress losses along tendon using the Graph Wizard.

Defaults

The Defaults button sets all previously entered values to those specified when the
dialog is first displayed.

Notes

e An approximate check that the specified jacking force is suitable for the tensile
strength of commonly available strand is carried out by the wizard but the user
should refer to the relevant design code and manufacturers information for the
strand strengths and any applicable factors in order to ensure that the tendons
are not overstressed.

e If tendon realignment is required the previously assigned discrete loading
properties should be removed from the model and the Prestress loading wizard
re-run to calculate the new discrete loading properties for the new tendon
alignment.

e Use of the single tendon prestress facility is described in the example ‘Linear
Analysis of a Post Tensioned Bridge’. See the Application Examples Manual
(Bridge, Civil & Structural) for details.

Single Tendon Prestress to AASHTO LRFD 5th Edition
This implementation is also applicable to AASHTO LRFD 6" and 7™ Editions.

The single tendon prestress wizard generates tendon loads as either beam element loads
or as discrete loads, depending upon the analysis type chosen. The tendon load

attributes created can be seen in the Attributes & Treeview.

Prior to using the single tendon prestress wizard, first select the spline or combined
line defining the tendon and then, but only if carrying out a beam analysis, additionally
use the Shift key to select the beam(s) prior to selecting the design code from the
Bridge > Prestress Wizard > Single Tendon menu items.
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Prestress Definition to AASHTO LRFD 5th Edition
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Analysis type

Refer to the single tendon prestress wizard overview for details on the analysis types

supported.

Tendon details

QO Prestress force The jacking force applied to the tendon or tendon group. Units
are displayed on the dialog according to the model units in use.

Q Tendon area [Ag]. The cross-sectional area of the tendon (or total area of group
of strands if a group is being represented by a single load assignment). In
general, for internal prestressing, tendons of modest size are advisable to avoid
difficulties in housing and anchoring larger tendons with the attendant increase
in thickness of members and in the weight of reinforcement. 19 No 0.6 strand
(Ap=4.123in2) might be a practical upper limit per tendon. However, the
Prestress Wizard will not preclude tendons of larger area.

Q Modulus of elasticity for tendon [Ey]. Refer to AASHTO 5th clause 5.4.4.2.
The default value is 28,500Kksi, representing strand.

O Tendon sampling points are the locations along a spline at which calculated
equivalent tendon loads will be applied to the model. Note that the original
points used to define the spline have no bearing on any calculations that are
carried out, they are simply used to ensure a good tendon profile is obtained.
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Short term losses

a

a

Wobble friction coefficient [K (per foot)]. This value is used in the calculation
of losses due to friction, according to AASHTO 5th clause 5.9.5.2.2b, and also
in determining anchorage losses. Example values may be sought in Table
5.9.5.2.2b-1.

Duct friction coefficient [p]. This value is used in the calculation of losses due
to friction according to AASHTO 5th clause 5.9.5.2.2b and also in determining
anchorage losses. Suitable values may be found in Table 5.9.5.2.2b-1; the
default value p = 0.23 is for strand in polyethylene ducts, but is also in the
suggested range for rigid and semi-rigid galvanised metal sheathing.

After transfer

a

Q

Age of concrete at time of prestressing [t;]. This value is used for the
calculation of losses due to creep, to AASHTO 5th clause 5.9.5.4.3b.

Strength of concrete at time of prestressing [f’]. This value is used in the
calculation of losses due to creep, to AASHTO 5th clause 5.9.5.4.3b. f'ci is
defined as the “specified compressive strength of concrete at time of initial
loading or prestressing; nominal concrete strength at time of application of
tendon force (ksi)”. According to clause 5.4.2.3.2, f°; may be taken as 0.8 if
the concrete age at the time of the initial load is unknown at design stage.

Gross area of concrete section [A.], and Moment of inertia of gross concrete
section, [I¢]. These values are used for the calculation of losses due to
shrinkage, to AASHTO 5th clause 5.9.5.4.3a, and creep, to clause 5.9.5.4.3b.
Where the concrete section varies, suitable intermediate values may be
required.

Volume to surface ratio [V/S]. This value is used in the calculation of losses
due to shrinkage to AASHTO 5th clause 5.9.5.4.3a and creep to clause
5.9.5.4.3b. Details on how the ratio should be calculated are given in clause
5.4.2.3.2.

No of days shrinkage [t]. This value is used for the calculation of losses due to
shrinkage, to AASHTO 5th clause 5.9.5.4.3a. t is defined as the “number of
days between end of curing and time being considered for analysis of shrinkage
effects”. The default value is based on the design life for a bridge, which is 75
years according to clause 1.2.

Relative humidity [H]. This value is used in the calculation of losses due to
shrinkage, to AASHTO 5th clause 5.9.5.4.3a, and creep, to clause 5.9.5.4.3b. H
is defined as the “average ambient mean relative humidity (percent)” and
guidance can be found in Figure 5.4.2.3.3-1.

No of days creep [t]. This value is used for the calculation of losses due to
creep, to AASHTO 5th clause 5.9.5.4.3b. t is defined as the “no of days
between application of load and time considered for creep calculation”. The
default value is based on the design life for a bridge, which is 75 years
according to clause 1.2.
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a

a

Modulus of elasticity of concrete [E.]. This value is used for the calculation of
losses due to creep, to AASHTO 5th clause 5.9.5.4.3b. E. may be calculated for
a given concrete grade from the equation in clause 5.4.2.4.

Concrete stress at transfer [f.g]. This value is used for the calculation of
elastic shortening losses, according to AASHTO 5th egn 5.9.5.2.3b-1, and,
when long-term losses are requested, for creep losses, using eqn 5.9.5.4.2b-1.
Creep losses are based on a single value of f, for each tendon (combined with
Areq defined below as appropriate), and the elastic shortening losses are based
on a single fg, value for each member (calculated from the values given for all
the applicable tendons). The value entered for f.g, should be the stress in the
concrete adjacent to the tendon in question, immediately after tensioning and
anchoring, due to total prestressing forces and self-weight at the section of peak
moment. Variations in stress arising from permanent actions applied after
prestressing (generally, but not exclusively, leading to elastic shortening gains)
are not incorporated into the calculation of initial elastic shortening loss.

Change in stress due to loads after transfer [Afy]. This value is used for the
calculation of the creep losses, according to AASHTO 5th eqn 5.9.5.4.2b-1, and
is defined in the code as the “change in concrete stress at centroid of
prestressing strands due to long-term losses between transfer and deck
placement, combined with deck weight and superimposed loads”. For this, a
value appropriate to the concrete adjacent to the tendon in question may be
used. Afy is generally negative since applied loads and long-term losses oppose
the initial prestress that dominates feg.

Low relaxation strands (tick-box). When invoked, the relaxation loss Afyr, =
Afyry = 1.2ksi is be assumed, according to AASHTO 5th clause 5.9.5.4.2c, and
the text boxes for f,y, and K are greyed out. If this assumption is deemed
inappropriate, the box should be unticked and the appropriate data entered

Yield stress of tendon [f;,,]. This value is used for the calculation of relaxation
losses according to AASHTO 5th eqn 5.9.5.4.2¢-1. f,y is defined as “yield stress
of prestressing steel.”. Suitable values may be based on clause 5.4.4.1.

Factor accounting for type of steel [K_]. This value is used for the calculation
of relaxation losses, according to AASHTO 5th eqn 5.9.5.4.2¢c-1, when the
assumption of Afyr, = Afir; = 1.2ksi is deemed inappropriate. K is defined as
“factor accounting for type of steel, taken as 30 for low relaxation strands and 7
for other prestressing steel, unless more accurate manufacturer’s data is
available.”.

Jacking details

Jacking end slip and jacking angle can be defined for end 1 only, end 2 only, or for
both ends of the tendon. End 1 is the start of the spline used to define the tendon.

The jacking angle is the angle between the direction of the tendon at the anchorage and
the direction that the jack is set to pull in. If the jack pulls the cable axially the jacking
angle would be zero.
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Generate report

Generates a report as an HTML file in the project directory containing a summary of
the tendon properties, tendon geometry and prestress losses for the selected tendon.

Generate graphs

Generates graph datasets in the Utilities -sfy’ Treeview to allow subsequent graphing of
prestress losses along tendon using the Graph Wizard.

Defaults

U The Defaults button sets all previously entered values to those specified when
the dialog was first displayed. Such values are illustrative only and values for
use in design calculations should be checked using appropriate source data.

Notes

e The prestress definition dialog expects input units to be the same as the current
model unless otherwise stated on the dialogs. When the prestress loads are
calculated the prestress forces are converted into the current model units. The
current model units can be found on the status bar of LUSAS Modeller.

e An approximate check that the specified jacking force is suitable for the tensile
strength of commonly available strand is carried out by the wizard, but the user
should refer to the relevant design code and manufacturers information for the
strand strengths and any applicable factors in order to ensure that the tendons
are not overstressed.

o If tendon realignment is required, the previously assigned discrete loading
properties should be removed from the model and the Prestress loading wizard
re-run to calculate the new discrete loading properties for the new tendon
alignment.

e Use of the single tendon prestress facility is described in the example ‘Linear
Analysis of a Post Tensioned Bridge’. See the Application Examples Manual
(Bridge, Civil & Structural) for details.

Single Tendon Prestress to AASHTO LRFD 6th Edition

For details of AASHTO LRFD 6th Edition Tendon Properties please refer to
AASHTO LRFD 5th Edition Tendon Properties (Multi-tendon). All relevant
clauses in AASHTO LRFD 6th Edition are identical to those in AASHTO LRFD 5th
Edition.

Single Tendon Prestress to AASHTO LRFD 7th Edition

For details of AASHTO LRFD 7th Edition Tendon Properties please refer to
AASHTO LRFD 5th Edition Tendon Properties (Multi-tendon). All relevant
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clauses in AASHTO LRFD 7th Edition are identical to those in AASHTO LRFD 5th
Edition.

Single Tendon Prestress to BS5400-4:1990

The single tendon prestress wizard generates tendon loads as either beam element loads
or as discrete loads, depending upon the analysis type chosen. The tendon load

attributes created can be seen in the Attributes & Treeview.

Prior to using the single tendon prestress wizard, first select the spline or combined
line defining the tendon and then, but only if carrying out a beam analysis, additionally
use the Shift key to select the beam(s) prior to selecting the design code from the
Bridge > Prestress Wizard > Single Tendon menu items.

Prestress Definition to B55400-4:1990

—Shiork kerm losses
analysis - Duct Friction cosfficient | 0,55
“Wabble fackor 3.3E-3 I
—Tendon details - Long term losses

Prestress force I L.OE3 kel Relaxation loss |2-5 %o
Tendon area I 100.0E6 mm? Shrinkage coefficient I 0.2E-3
Modulus of elasticity I 200.0E6 khfmz Creep coefficient I 36.0E-9 m2fkM

Tendon sampling points | 10 = Stress at transfer | 15.0E3 kpdfm?

—Jacking details

Jacking end End 1 slip IU-U m Jacking angle IU-U ®
IEnd 1 only 'l
End 2 slip I 0.0 m Jacking angle I 0.0 o
l_ Generate repart

" Generate graphs Defaults | OK I Cancel | Help |

Analysis type

Refer to the single tendon prestress wizard overviews for details on the analysis types
supported.

Tendon details

O Prestress force The jacking force applied to the tendon or tendon group. Units
are displayed on the dialog according to the model units in use.

O Tendon area for the single tendon or tendon group being defined.

Modulus of Elasticity for the tendon.

Tendon sampling points are the locations along a spline at which calculated

equivalent tendon loads will be applied to the model. Note that the original

points used to define the spline have no bearing on any calculations that are
carried out. They are simply used to ensure a good tendon profile is obtained.

(MY
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Short term losses
U Duct Friction coefficient should be obtained from the design code

O Wobble factor is defined per metre length and should be obtained from the
design code.

Long term losses
U Relaxation loss
O Shrinkage Coefficient
U Creep coefficient
U Stress at transfer
Jacking details

Jacking end slip and jacking angle can be defined for end 1 only, end 2 only, or for
both ends of the tendon. End 1 is the start of the spline used to define the tendon.

The jacking angle is the angle between the direction of the tendon at the anchorage and
the direction that the jack is set to pull in. If the jack pulls the cable axially the jacking
angle would be zero.

Generate report

Generates a report as an HTML file in the project directory containing a summary of
the tendon properties, tendon geometry and prestress losses for the selected tendon.

Generate graphs

Generates graph datasets in the Utilities -sfy’ Treeview to allow subsequent graphing of
prestress losses along tendon using the Graph Wizard.

Defaults

The Defaults button sets all previously entered values to those specified when the
dialog is first displayed.

Notes

e An approximate check that the specified jacking force is suitable for the tensile
strength of commonly available strand is carried out by the wizard, but the user
should refer to the relevant design code and manufacturers information for the
strand strengths and any applicable factors in order to ensure that the tendons
are not overstressed.

e If tendon realignment is required, the previously assigned discrete loading
properties should be removed from the model and the Prestress loading wizard
re-run to calculate the new discrete loading properties for the new tendon
alignment.
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e Use of the single tendon prestress facility is described in the example ‘Linear
Analysis of a Post Tensioned Bridge’. See the Application Examples Manual
(Bridge, Civil & Structural) for details.

Single Tendon Prestress to DD EN1992-1-1:1992

Eurocode 2

The single tendon prestress wizard generates tendon loads as either beam element loads
or as discrete loads, depending upon the analysis type chosen. The tendon load
attributes created can be seen in the Attributes & Treeview.

Prior to using the single tendon prestress wizard, first select the spline or combined
line defining the tendon and then, but only if carrying out a beam analysis, additionally
use the Shift key to select the beam(s) prior to selecting the design code from the
Bridge > Prestress Wizard > Single Tendon menu items.

Prestress Definition to DD ENY 1992-1-1:1992 Eurocode 2 E

—I Long term losses

Analysis hd Relaxation loss kN )

r~ Tendon details shrinkage strain -0.3 Yoo
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|

g | transFer Kdfm
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0.01 f ]
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i Jacking details
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IEnd 1 only 'l
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|_ aenerate report
" Generate graphs Defaults | 0K I Cancel | Help |

IR RN

Analysis type

Refer to the single tendon prestress wizard overviews for details on the analysis types
supported.
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Tendon details

U Prestress force The jacking force applied to the tendon or tendon group. Units

are displayed on the dialog according to the model units in use.

QO Tendon area [A]. The cross-sectional area of the tendon (or total area of group

of strands if a group is being represented by a single load assignment). In
general, for internal prestressing, tendons of modest size are advisable to avoid
difficulties in housing and anchoring larger tendons with the attendant increase
in thickness of members and in the weight of reinforcement. 19 No 156mm
strands (A,=2850mm?) or 27 No 13mm strands (A,=2700mm2) might be a
practical upper limit per tendon. However, the Prestress Wizard will not
preclude tendons of larger area.

U Modulus of Elasticity for tendon [E;] . Refer to DD ENV 1992-1-1 clause

3.3.4.4 (2). The default value for the modulus of elasticity, E;, is assumed to be
190kN/mmg, representing strand. Values typically fall in the range of
185kN/mm?2 to 210kN/mmg,

U Tendon sampling points are the locations along a spline at which calculated

equivalent tendon loads will be applied to the model. Note that the original
points used to define the spline have no bearing on any calculations that are
carried out, they are simply used to ensure a good tendon profile is obtained.

Short term losses

Unintentional angular displacement[k]. This value is used in the calculation
of losses due to friction, according to DD ENV1992-1-1 clause 4.2.3.5.5(8), for
the component sometimes referred to as “wobble” loss. It is also used in the
calculation of anchorage losses. k is defined as “unintentional angular
displacement (per unit length) related to the profile of the tendons. Clause
4.2.3.5.5(8) gives the range 0.005 < k <0.01 radians/m.

U Duct Friction coefficient [p]. This value is used in the calculation of losses due

to friction, according to DD ENV1992-1-1 clause 4.2.3.5.5(8). It is also used in
the calculation of anchorage losses. Suitable values may be found in clause
4.2.3.5.5(8); the default value u = 0.19 is for internal tendons made up of strand
filling approximately half of the duct.

Long term losses

QO Relaxation loss [pg]. This value is used for the calculation of A, the absolute

value of relaxation loss, which is incorporated into the time dependent loss
calculation of DD ENV1992-1-1 eqgn 4.10. According to clause 4.2.3.4.1(2), the
long term value of the relaxation loss may be assumed to be three times the
relaxation losses after 1000h, which may in turn be taken from Figure 4.8,
(dependent upon the ratio of the applied prestress to the tensile strength of the
tendons and the type of prestressing steel in use). Typical values for class 2
(strand) would therefore be (from Figure 4.8);
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o op/fy=10.6; p1000 = 1%; poo = 3%
o op/fe=0.7; p1000 = 2.5%; poo = 7.5%
o Gy/f=0.8; p1000 = 4.5%; poo = 13.5%

Shrinkage strain [&¢(t,t0)]. This value is used in the calculation of losses due to
shrinkage, according to DD ENV1992-1-1 clause 4.2.3.5.5(9). &(t,t0) is “the
estimated shrinkage strain, derived from the values in Table 3.4 for final
shrinkage (see also 2.5.5 and Appendix 1)” and should be specified “per mil”
(%o) in accordance with the code (rather than actual strain).

Creep coefficient [¢(t,t0)]. This value is used in the calculation of losses due to
creep, according to DD ENV1992-1-1 clause 4.2.3.5.5(9). Clause 1.7.4
describes ¢(t,t0) as the “Creep coefficient, defining creep between times t and
t0, related to elastic deformation at 28 days”. Clause 4.2.3.5.5(9) refers to
clause 2.5.5 which in turn refers to clause 3.1 or (for greater accuracy)
Appendix 1. If great accuracy is not required, a value for ¢(o0,t0) may be
obtained from Table 3.3 — dependent upon notional size, relative humidity and
maturity of the concrete when the load is first applied.

Secant modulus of elasticity of concrete [E¢,]. This value is used for the
calculation of time-dependent losses according to DD ENV1992-1-1 clause
4.2.3.5.5(9). Equation 4.10 requires a modular ratio, a = EJ/E.,, where E., can
be obtained from Table 3.2. A likely range of values would be 29-37kN/mm2,

Concrete stress at transfer o, This value is used for the calculation of elastic
shortening losses, to DD ENV1992-1-1 clause 4.2.3.5.5(6) and, when long-term
losses are requested, the creep component of time-dependent losses to clause
4.2.3.5.5(9), eqn 4.10. Creep losses are based on a single value of 6, for each
tendon (combined with Ao, derived below, as appropriate), and the elastic
shortening losses are based on a single o, value for each member (calculated
from the values given for all the applicable tendons). The value entered for 6,
here should be the stress in the concrete adjacent to the tendon in question,
immediately after tensioning and anchoring, due to total prestressing forces and
self-weight averaged along the length of the tendon. Variations in stress arising
from permanent actions applied after prestressing (generally but not exclusively
leading to elastic shortening gains) are not incorporated in the calculation of
initial elastic shortening loss.

Change in stress due to loads after transfer Acc,. This is used to adjust the
concrete stress at transfer, c.,, t0 account for stress in the concrete due to
permanent loads applied after prestressing. 6, + Acgg gives the concrete stress
appropriate for the calculation of the creep component of time-dependent
losses, according to DD ENV1992-1-1 clause 4.2.3.5.5(9), eqn 4.10, ( 6, +
Acgg = [Ocg T Ocpo) ). Ao i typically negative since applied loads oppose the
prestress that dominates G,
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U Area of concrete section [Ac] and Second moment of area — concrete [Ic].
These values are used for the calculation of time-dependent losses, according to
DD ENV1992-1-1 clause 4.2.3.5.5(9), eqn 4.10. Where the concrete section
varies suitable intermediate values may be required. If the member is a
standalone beam element the area of the beam should be used. If the beam
member represents part of a larger structure (for example a certain width of
slab) then only the area of the portion represented by this particular beam
member should be used. Please note that the prestress wizard is designed to
work for a single beam member, not for a subdivided portion of slab or wide
beam element, so using it in any other way is at an engineer’s judgement.

Jacking details

Jacking end slip and jacking angle can be defined for end 1 only, end 2 only, or for
both ends of the tendon. End 1 is the start of the spline used to define the tendon.

The jacking angle is the angle between the direction of the tendon at the anchorage and
the direction that the jack is set to pull in. If the jack pulls the cable axially the jacking
angle would be zero.

Generate report

Generates a report as an HTML file in the project directory containing a summary of
the tendon properties, tendon geometry and prestress losses for the selected tendon.

Generate graphs

Generates graph datasets in the Utilities a Treeview to allow subsequent graphing of
prestress losses along tendon using the Graph Wizard.

Defaults

The Defaults button sets all previously entered values to those specified when the
dialog was first displayed.

Notes

e The prestress definition dialog expects input units to be the same as the current
model unless otherwise stated on the dialogs. When the prestress loads are
calculated the prestress forces are converted into the current model units. The
current model units can be found on the status bar of LUSAS Modeller.

e An approximate check that the specified jacking force is suitable for the tensile
strength of commonly available strand is carried out by the wizard, but the user
should refer to EN1992-1-1 clause 5.10.3(2), manufacturers information for the
strand strengths and the appropriate National Annex for values of k7 and k8 in
order to ensure that the tendons are not overstressed.

e Iftendon realignment is required, the previously assigned discrete loading
properties should be removed from the model and the Prestress loading wizard
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re-run to calculate the new discrete loading properties for the new tendon
alignment.

e Use of the single tendon prestress facility is described in the example ‘Linear
Analysis of a Post Tensioned Bridge’. See the Application Examples Manual
(Bridge, Civil & Structural) for details.

Single Tendon Prestress to EN 1992-1-1:2004

Eurocode 2

The single tendon prestress wizard generates tendon loads as either beam element loads
or as discrete loads, depending upon the analysis type chosen. The tendon load

attributes created can be seen in the Attributes Treeview.

Prior to using the single tendon prestress wizard, first select the spline or combined
line defining the tendon and then, but only if carrying out a beam analysis, additionally
use the Shift key to select the beam(s) prior to selecting the design code from the
Bridge > Prestress Wizard > Single Tendon menu items.

Prestress Definition to EN1992-1-1:2004 Eurocode 2

— Long term losses
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Analysis type

Refer to the single tendon prestress wizard overviews for details on the analysis types
supported.

Tendon details

U Prestress force The jacking force applied to the tendon or tendon group. Units
are displayed on the dialog according to the model units in use.

Q Tendon area [Ay]. The cross-sectional area of the tendon (or total area of group
of strands if a group is being represented by a single load assignment). In
general, for internal prestressing, tendons of modest size are advisable to avoid
difficulties in housing and anchoring larger tendons with the attendant increase
in thickness of members and in the weight of reinforcement. 19 No 15mm
strands (A,=2850mm2) or 27 No 13mm strands (A,=2700mm2) might be a
practical upper limit per tendon. However, the Prestress Wizard will not
preclude tendons of larger area.

O Modulus of elasticity for tendon [Eg]. Refer to EN 1992-1-1:2004 clause 3.3.6.
The default value for the modulus of elasticity, E; is assumed to be 195GPa,
representing strand. Values typically fall in the range 185GPa to 210GPa.

U Tendon sampling points are the locations along a spline at which calculated
equivalent tendon loads will be applied to the model. Note that the original
points used to define the spline have no bearing on any calculations that are
carried out, they are simply used to ensure a good tendon profile is obtained.

Short term losses

U Unintentional angular displacement [k]. This value is used in the calculation
of losses due to friction, according to EN1992-1-1:2004 clause 5.10.5.2, for the
component sometimes referred to as “wobble” loss, and also in determining
anchorage losses. k describes the “unintentional angular displacement™ for
internal tendons in radians per unit length. Clause 5.10.5.2(3) gives the range
0.005 < k <0.01 radians/m.

U Duct friction coefficient [p]. This value is used in the calculation of losses due
to friction, according to EN1992-1-1:2004 clause 5.10.5.2(1), and also in
determining anchorage losses. Suitable values may be found in Table 5.1; the
default value p = 0.19 is for internal tendons made up of strand filling
approximately half of the duct.

Long term losses

Q Tensile strength of prestressing steel [f,] This value is used for the
calculation of Aoy, the absolute value of relaxation losses to EN1992-1-1
clause 3.3.2(7) and incorporated into the time dependent loss calculation of
clause 5.10.6(2).

QO Relaxation Class This is used, along with fy, to calculate relaxation losses. The
Classes 1, 2 and 3 are defined in EN1992-1-1 clause 3.3.2(4).
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Relaxation loss at 1000 hours[piggo]. This is used, along with fpk and the
Relaxation Class, to calculate relaxation losses. Typical values may be found in
clause 3.3.2(6) and the default value is based on low relaxation strand (Class 2).

Time after tensioning (for relaxation calcs) [t]. This is used, along with fg,
Relaxation Class and pigq, t0 calculate relaxation losses. According to EN1992-
1-1 clause 3.3.2(8), long term (final) values of the relaxation losses may be
estimated for a time t equal to 500 000 hours (i.e. around 57 years).

Shrinkage strain [g]. This value is used in the calculation of losses due to
shrinkage according to EN1992-1-1:2004 clause 5.10.6(2). The value should be
calculated from clause 3.1.4(6), depending on notional size, relative humidity,
concrete strength and cement class, and should be specified “per mil” (%o) in
accordance with the code (rather than actual strain).

Creep coefficient [¢(t,t0)]. This value is used in the calculation of losses due to
creep according to EN1992-1-1:2004 clause 5.10.6(2). The value should be
calculated from clause 3.1.4(2), dependent upon the same parameters as the
shrinkage strain plus the maturity of the concrete when the load is first applied.
Values may be obtained from Figure 3.1.

Secant modulus of elasticity for concrete [E.y]. This value is used for the
calculation of time-dependent losses according to EN1992-1-1:2004 clause
5.10.6(2). The clause refers explicitly to obtaining E,, from Table 3.1. A likely
range of values would be 27-44MPa.

Concrete stress at transfer [Ac]. This value is used for the calculation of
elastic shortening losses, according to EN1992-1-1 clause 5.10.5.1(2), and,
when long-term losses are requested, for the creep component of time-
dependent losses to clause 5.10.6(2). Creep losses are based on a single value of
Ao(t) for each tendon (combined with Aoy, defined below, as appropriate), and
the elastic shortening losses are based on a single Ac(t) value for each member
(calculated from the values given for all the applicable tendons). The value
entered for Acc(t) here should be the stress in the concrete adjacent to the
tendon in question, immediately after tensioning and anchoring, due to total
prestressing forces and self-weight averaged along the length of the tendon.
Variations in stress arising from permanent actions applied after prestressing
(generally but not exclusively leading to elastic shortening gains) are not
incorporated into the calculation of initial elastic shortening loss.

Change in stress due to loads after transfer [Accg]. This is used to adjust
“Concrete stress at transfer” according to the permanent loads applied after
transfer to give the concrete stress appropriate for the calculation of the creep
component of time-dependent losses, according to EN1992-1-1 clause 5.10.6(2)
(oc,0p = Ao(t) + Acgg). Note that Aoy is typically negative since applied loads
oppose the prestress that dominates Ao(t).

Area of concrete section [A.], and Second moment of area — concrete [Ic].
These values are used for the calculation of time-dependent losses, according to
DD ENV1992-1-1 clause 4.2.3.5.5(9), eqn 4.10. Where the concrete section
varies suitable intermediate values may be required. If the member is a
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standalone beam element the area of the beam should be used. If the beam
member represents part of a larger structure (for example a certain width of
slab) then only the area of the portion represented by this particular beam
member should be used. Please note that the prestress wizard is designed to
work for a single beam member, not for a subdivided portion of slab or wide
beam element, so using it in any other way is at an engineer’s judgement.

Jacking details

Jacking end slip and jacking angle can be defined for end 1 only, end 2 only, or for
both ends of the tendon. End 1 is the start of the spline used to define the tendon.

The jacking angle is the angle between the direction of the tendon at the anchorage and
the direction that the jack is set to pull in. If the jack pulls the cable axially the jacking
angle would be zero.

Generate report

Generates a report as an HTML file in the project directory containing a summary of
the tendon properties, tendon geometry and prestress losses for the selected tendon.

Generate graphs

Generates graph datasets in the Utilities a Treeview to allow subsequent graphing of
prestress losses along tendon using the Graph Wizard.

Defaults

The Defaults button sets all previously entered values to those specified when the
dialog was first displayed. Such values are illustrative only and values for use in design
calculations should be checked using appropriate source data.

Notes.

e The prestress definition dialog expects input units to be the same as the current
model unless otherwise stated on the dialogs. When the prestress loads are
calculated the prestress forces are converted into the current model units. The
current model units can be found on the status bar of LUSAS Modeller.

e An approximate check that the specified jacking force is suitable for the tensile
strength of commonly available strand is carried out by the wizard but the user
should refer to EN1992-1-1 clause 5.10.3(2), manufacturers information for the
strand strengths and the appropriate National Annex for values of k7 and k8 in
order to ensure that the tendons are not overstressed.

e Iftendon realignment is required the previously assigned discrete loading
properties should be removed from the model and the Prestress loading wizard
re-run to calculate the new discrete loading properties for the new tendon
alignment.
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Use of the single tendon prestress facility is described in the example ‘Linear

Analysis of a Post Tensioned Bridge’. See the Application Examples Manual
(Bridge, Civil & Structural) for details.

Single Tendon Prestress to JTG D62-2004 code

The single tendon prestress wizard generates tendon loads as either beam element loads
or as discrete loads, depending upon the analysis type chosen. The tendon load

attributes created can be seen in the Attributes

& Treeview.

Prior to using the single tendon prestress wizard, first select the spline or combined
line defining the tendon and then, but only if carrying out a beam analysis, additionally
use the Shift key to select the beam(s) prior to selecting the design code from the
Bridge > Prestress Wizard > Single Tendon menu items.

Prestress Definition to JTG D62-2004
ozaes after transter
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) Ultirnate concrete -
- Tendon details shrinkage strain ID'SE 3
I Ultimate factor of I

Prestress force 1.0E3 kM e p—— 20

M oduluz of elazticity of I Concrete stress due

tendon 200083 tPa ta all prestress 0 MPa

Mon-prestrezzed
Tendan area |1 an.o Il reinforoement area ID.D i
- - = Long term modulus of

Tendon zampling pointz |10 = clebeiiy of, EaEEe IBD.DES MPa

—Losses at transfer
. Area of concrete

Duct friction coeff. 025 wection ID.E i

Unintentional angular I R Second moment of I = o

dizplacement 156-3 /m area - concrete LU m"4
—dJacking detailz

Jacking end End 1 lip IU-U m Jacking angle IU-U deg

IEnd 1 only 'I

End 2 zlip ID.D m Jacking angle ID.D deg

[ Generate report
B B merlie Defaults | 0K I Cancel | Help |

Analysis type

Refer to the single tendon prestress wizard overviews for details on the analysis types

supported.
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Tendon details

a
a
a
a

Prestress force The jacking force applied to the tendon or tendon group. Units
are displayed on the dialog according to the model units in use.

Modulus of elasticity of tendon Young’s modulus of prestress reinforcement.
Tendon area Steel area for the single tendon being defined.

Tendon sampling points Locations along a spline at which calculated
equivalent tendon loads will be applied to the model. Note that the original
points used to define the spline have no bearing on any calculations that are
carried out, they are simply used to ensure a good tendon profile is obtained.

Losses at transfer

a

Q

Duct Friction coefficient The friction coefficient between the tendon (prestress

reinforcement) and the duct (pipe). Refer to JTG D62-2004 Table 6.2.2., for
details.

Unintentional angular displacement also known as the influence factor of
load deviation, or wobble defined per metre length. See JTG D62-2004 Table
6.2.2.

Losses after transfer

a
a

Q

a

Q

Relaxation factor Refer to JTG D62-2004 Section 6.2.6., for details.

Ultimate concrete shrinkage strain Refer to JTG D62-2004 Table 6.2.7., for
details

Ultimate factor of concrete creep Refer to JTG D62-2004 Table 6.2.7., for
details

Concrete prestress due to all prestress The stress in concrete due to prestress
at the centroid of all tendons. Refer to JTG D62-2004 section 6.1.5., for details

Non-prestressed reinforcement area The sectional area of general (non
prestressed) reinforced reinforcement

Long-term modulus of elasticity of concrete The long-term Young’s modulus
of concrete.

Area of concrete section The net sectional area of concrete after the area of the
pipes (ducts) and other weakened parts have been removed.

Second moment of area - concrete Moment of inertia of concrete section

Jacking details

Jacking end slip and jacking angle can be defined for end 1 only, end 2 only, or for
both ends of the tendon. End 1 is the start of the spline used to define the tendon.

The jacking angle is the angle between the direction of the tendon at the anchorage and
the direction that the jack is set to pull in. If the jack pulls the cable axially the jacking
angle would be zero.
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Generate report

Generates a report as an HTML file in the project directory containing a summary of
the tendon properties, tendon geometry and prestress losses for the selected tendon.

Generate graphs

Generates graph datasets in the Utilities s.f’& Treeview to allow subsequent graphing of
prestress losses along tendon using the Graph Wizard.

Defaults

The Defaults button sets all previously entered values to those specified when the
dialog was first displayed.

Notes

e The prestress definition dialog expects input units to be the same as the current
model unless otherwise stated on the dialogs. When the prestress loads are
calculated the prestress forces are converted into the current model units. The
current model units can be found on the status bar of LUSAS Modeller.

e An approximate check that the specified jacking force is suitable for the tensile
strength of commonly available strand is carried out by the wizard, but the user
should refer to the relevant design code and manufacturers information for the
strand strengths and any applicable factors in order to ensure that the tendons
are not overstressed.

e The loss due to elastic compression of concrete is computed using the
simplified formula in JTG D62-2004 Appendix E

e Guidance on the deformation of the anchorage device is provided in JTG D62-
2004 Table 6.2.3.

e Use of the single tendon prestress facility is described in the example ‘Linear
Analysis of a Post Tensioned Bridge’. See the Application Examples Manual
(Bridge, Civil & Structural) for details.

e Tendon forces can also be computed directly by the user and imported from a
spreadsheet.

Single Tendon Prestress Definition from Spreadsheet

As an alternative to using one of the supplied single tendon prestress design code
options, tendon forces can be computed directly by an engineer and imported from a
spreadsheet. To aid this, a spreadsheet can be automatically generated by LUSAS
containing geometric properties for a particular selected tendon. This means that only
the tendon loading data needs to be entered by a user.
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Usage

Prior to using this facility the line, arc, spline or combined line defining the tendon
must be selected and then, but only if carrying out a beam analysis, the Shift key must
be used to additionally select the beam(s) prior to selecting the Bridge > Single
Tendon > Spreadsheet Import menu option.

Prestress Definition from Spreadsheet
Analysis lype I Beam vI Tendon sampling paints I 10

—Spreadsheet
C:\\Prestress Tendaon O.xls Browse. . |
—Anchorage

Jacking end End 1 jack angle [deq] I i}
I End 1 Only ‘,I End 2 jack angle [deg] I 0

oK Cancel | Help |

Analysis type

Refer to the single tendon prestress wizard overviews for details on the analysis types
supported.

Tendon details

U Tendon sampling points are the number of locations along a spline at which
calculated equivalent tendon loads will be applied to the model. Note that the
original points used to define the spline have no bearing on any calculations that
are carried out, they are simply used to ensure a good tendon profile is obtained.

Spreadsheet

A filename for the spreadsheet is automatically entered for creation in the current
working directory. When the OK button is clicked the previously selected tendon
geometry is written to the spreadsheet along with angle and cable length data. The
spreadsheet is then automatically opened to allow tendon forces to be manually added.
Detailed notes are included on the spreadsheet along with two buttons. One is to be
clicked when the tendon forces have been added, the other cancels all input. On
pressing the Click here when tendon forces have been added button the forces are
then read into Modeller and the procedure follows that described for any of the design
codes. An example spreadsheet is shown below.
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Jacking details

Jacking end slip and jacking angle can be defined for end 1 only, end 2 only, or for
both ends of the tendon. End 1 is the start of the spline used to define the tendon.

Example Spreadsheet

F‘i] Prestress Tendon 104.x1s [Compatibility Mode]

A B C D E F G H
= a e
Notes:

(a) The number of points cell (22) contains the number of points used to define the
tendan in Modeller and must not be changed.

(b) The start row cell (D22) contains the row number at which the tendon forces begin,
default = row 26.

(€) The force column cell (F22) contains the column number inwhich the tendon forces are
defined, default = column 6.

(d) Cells D22 and F22 are the only cells in row 22 which should be modified.

10 (e) The X,X,£ columns contain the coordinates of the points defining the tendon profile.

11 (i The angle column containg the incremental change in tendon angle (in radians) at each

12 point.

13 (g} The cable length column containg the length of cable at each pt. measured from end 1.

14 (h) Do NOT exit Excel, when finished click on one of the buttons below.

15 (i) Kthereis noresponse when one of the buttons below is clicked, return to the Modeller

WO 00| = O L | B =

16 window and click on the "retry” button in the server busy message box.
17
s Click here when tendon C |
13 forces have been added At
20
21
22 No. points 11 Start row 26 Force column 6
29
24
25 X Y z Angle Cable length Force
26 6 0.5 1.225 0 0
27 4802878 -0.60734 1.225 0.019983 0
28 -3.80383?! -0.69194 1.225 0.019983 0
29| -2.403358 -0.75197 1.225 0.019983 0
30| 1201919 -0.78739 1.225 0.019983 0
31 0 0.8 1.225 0.019983 0
32| 1201919 -0.78799 1.225 0.019983 0
33| 2.4033581 -0.75197 1.225 0.019983 0
34 | 3.6038374 -0.691%4 1.225 0.019983 0
3548028776 -0.60794 1.225 0.019983 0
36 6 0.5 1.225 0 0
37
Notes

o Iftendon realignment is required the previously assigned discrete loading
properties should be removed from the model and the Prestress Definition from
from Spreadsheet option re-run to calculate the new geometric properties for the
new tendon alignment.
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Multiple Tendon Prestress Wizard

The Multiple Tendon prestress wizard is accessed from the Bridge > Prestress
Wizard menu item and is for use with beam elements. It takes account of short and
long term losses and can take into account elastic shortening due to stressing of other
tendons according to a specified design code or user-defined percentage losses. If the
option to ignore effects due to elastic shortening is chosen, the loading computed will
be the same as that calculated by the single tendon wizard.

The wizard can be used for a single tendon equivalent nodal loading calculation, but it
is primarily for use with multiple tendons and particularly for staged construction
where it can calculate and allow for the changing effects of the casting sequence on the
tendon properties.

Usage

The wizard consists of five pages to assist with tendon definition and assignment and
involves the following steps:

1.Selection of design code

2. Definition of tendon profile data

3. Definition of tendon properties according to the design code selected
4. Definition of tendon loading

5.Tendon assignment to loadcases and lines in the model

Notes
¢ Re-running the Multiple Tendon Prestress Wizard deletes all previously created

data before re-calculating for a modified model.

e Use of the multiple tendon prestress facility is described in the example
‘Segmental Construction of a Post Tensioned Bridge’. See the Application
Examples Manual (Bridge, Civil & Structural) for details.
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Selection of Design Code

Multiple Tendon Prestress Wizard E
Design code BS5400

r— Elastic: shortening

" Bazed on design code Seblasses.. |
" User-defined el Iosses...l

& |gnore effects

™ Reset previous prestress input

= Fertanimiclastehiesh

Profile zampling... |

< Back I Mext » I Cancel Help

Design codes supported

Prestress definition varies slightly according to the design code selected. The following
design codes are supported:

a

cCoC0ooo

AASHTO LRFD 2nd Edition
AASHTO LRFD 5th Edition
AASHTO LRFD 6th Edition
BS5400-4:1990

DD EN1992-1-1:1992 Eurocode 2
EN 1992-1-1:2004 Eurocode 2
JTG D62-2004

Elastic shortening

Q

Selecting Based on design code will allow the elastic shortening to be
calculated as described in the selected design code.
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e When BS5400 is chosen in combination with the Based on design code
option the Set losses... button is enabled. This allows the average
tendon force remaining after attaching subsequent tendons to be
specified as a percentage of the total force. This force is applied to all
loading that is assigned to the model. Clause 6.7.2.3 of BS5400 Part IV
details what is required for elastic shortening.

e When any of AASHTO LRFD codes or the Eurocode codes are
chosen in combination with the Based on design code option the Set
losses... button will remain disabled and the elastic shortening will be
calculated automatically according to clauses specified in each code:

e For AASHTO LRFD 2nd, 5", 6" or 7th Edition the elastic
shortening is calculated as described in clause 5.9.5.2.3b.

e For DD EN1992-1-1:1992 Eurocode 2 elastic shortening is
calculated as described in clause 4.2.3.5.5(6).

e For EN 1992-1-1:2004 Eurocode 2 elastic shortening is
calculated as described in clause 5.10.5.1(2).

O Selecting User-defined allows the percentage of applied load remaining after
subsequent tendons are attached to the same line to be defined. See Elastic
Shortening Average (Multi-tendon) for more information.

U Selecting Ignore effects will not apply any elastic shortening effects to the
tendons.

U Reset previous prestress input If previous prestress data has been stored in the
model, the Reset previous input data option causes the prestress wizard to
ignore previous input and allow new data to be entered. If the wizard is
cancelled at any time, the previous data saved in the model file will not be lost.
Data will only be overwritten when the finish button is chosen on the final
dialog.

U Perform clash check This is not currently available.

Profile sampling

O Defines the locations along a tendon profile at which calculated equivalent
tendon loads will be applied to the model. Note that the original points used to
define the line, arc or spline have no bearing on any calculations that are carried
out, they are simply used to ensure a good tendon profile is obtained.

Notes

e The wizard expects the input units to be the same as the current model, unless
otherwise stated on the dialogs.
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e When the prestress loads are calculated the prestress forces are converted into
the current model units.

e The current model units can be found on the status bar of LUSAS Modeller.

Tendon Profile Sampling Points

Minimurn total number 20
Minimum per profile segment |

™ Masimum seperation 1.0 m

T

v Mazimum angular deviation a0

0K I Cancel | Help |

For each line segment (that is for each line, arc or spline) of each tendon profile, tendon
sampling points are calculated according to values specified on the Sampling Points
dialog. Tendon sampling points are the locations along a tendon profile at which
calculated equivalent tendon loads will be applied to the model. Note that the original
points used to define the line, arc or spline have no bearing on any calculations that are
carried out. They are simply used to ensure a good tendon profile is obtained.

O Minimum total number specifies the minimum number of sampling points that
will be accepted throughout the tendon profile.

O Minimum per profile segment specifies the minimum number of sampling
points that will be accepted per line segment of the tendon profile.

O Maximum separation specifies the largest distance between sampling points
(in modelling units) that will be accepted along each line segment of tendon
profile.

O Maximum angular deviation specifies the maximum angle of deviation
between segments that will be accepted.

From the Minimum total number, Minimum per profile segment and Maximum
separation value entries specified a calculated number of sampling points for each line
segment will be arrived at. The Maximum angular deviation value will introduce
additional sampling points in line segments where the line segment curvature is high.

Notes

o Note that the maximum separation distance is input and displayed in current
model units. Consistently with other inputs in Modeller, changing the units after
entering a value changes the meaning, not the numerical value that was
previously input.
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Definition of Tendon Profile (Multiple Tendon
Prestress Wizard)

This page of the multiple tendon prestress wizard allows tendon profile data to be
defined manually, be copied and pasted from a spreadsheet, or be generated by
selecting lines, arcs or splines that are defined or imported into Modeller. It supports
tendon definition by coordinates in 3D space or by defining coordinates in two 2D
planes.

Tendon profiles defined when using this dialog are stored in the Utilities v Treeview
and are not directly assignable to geometry. Instead, they are read by the multiple
tendon prestress wizard and appear on the tendon profile drop-down lists when the
Tendon Loading assignment page is in use to allow assignment to lines in the model.

Tendon profile data defined using coordinates and radii is generally referred to in this
topic as primary tendon profile data. This is because a smoothing facility may be used
to define a minimum radius around or through which two intersecting tendon definition
lines will be shaped, resulting in a modified profile. Note that the calculated tendon
profile shape (after all smoothing has been applied) can be included in a tendon
summary report in a format that is suitable for setting-out the tendon on-site.

Creating a tendon profile

The Tendon Profile dialog can be used to create any number of tendon profiles.

e To create a new tendon profile enter a tendon name and select the Create
button. Coordinate data can then be entered for this new profile in the blank
grid. Use Rename and Delete to change and remove tendon profile names from
the Utilities Treeview.

e Over-typing a new tendon profile name with existing tendon profile data
displayed will duplicate that data into a new definition.
Previously defined tendon profile data can be accessed using the drop-down list and the
up/down control alongside the tendon profile name.

Tendon profiles can be defined by:

O Coordinate input
U Spreadsheet import
U Drawing a tendon profile in Modeller
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Defining a tendon profile by coordinate input

Defining a tendon profile in 3D space

This requires the selection of the 3D space tab and the input of X,Y and Z coordinates
to define a tendon. These can be defined as global or local coordinates.

Tendon Profile

3d space | Twa 2d planes I

Type x [ft) y [it] z [ft])
1 Start 0.0 0o 0o
2 |Straight 851274 0170285 0681019
3a_|Spline 9.07661 0181532 | 0.720785
b |Spline Continued: 9.64068 0192814 0.757364
3¢ |Spline Continued: 10.2081  0.204102 © 0.787562
3d_|Spline Continued: 10.7693  0.2153339  :0.809249
3&_|Spline Continued: 11.335 0. 2267 0.824543
3F|Spline Continued: 11,9001 ©0.238002 : 0.836656
4a_|Spline 121001 0.24089  0.838389
4b  |Spline Continued. 123 0243112 ©0.833722
4c |Spline Continued. 125 0.244000  : 0.840255
4d |Spline Continued. 127 0243112 1 0.839722
4 |Spline Continued: 12,8333 0.24083 :0.835383

" Global coordinates

% Local coordinates mapped to lines Insert | Delete |

|

v Smoothing

Minimurn radius

I 0.0

& Cut corner /’_—.‘“\

 Offset line

0s

0E

0.4

0z

0.z
0.
01
0.
0.0

Reverse | Flip |

S
2
]
1
=)
o

o ] o0 15 200 25

Marme I tendoni

ji’(mn)

Greste | Renamel Delete |

< Back I Mext = I

Cancel | Help |

Primary tendon profile data is defined by adding rows to the grid and specifying the
coordinates of each defining point along the tendon. The profile coordinates can be
entered in either Global coordinates or Local coordinates mapped to lines. Local
coordinates are relative to the lines the profile is assigned to using the multiple tendon
prestress wizard.
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Tendon profile Tendon profile

®- >
L 4

® >
L 4

T ' T '
Line direction (local x direction) Line direction (local x direction)
Tendon profile Tendon profile
® T ~¢ ® ° T < — L
Line direction (local x direction) Line direction (local x direction)
Local coordinates mapped to lines Global coordinates

As the coordinates are entered, the tendon shape that they define is visualised in the
adjacent graphs. Use the tab key to create a new row beneath the last row of entered
data. Note that the use of different scales for the vertical and horizontal axes of the
graphs can lead to some apparently visually impossible radii fitting at line intersections.

O Type Clicking on the drop-list button 3 in this cell of the table allows the line
segment type to be specified. Options are Straight, Arc Bulge, Arc Centre,
Arc End, Spline, Spline Continued, Parabola Bulge and Parabola End

U The Insert and Delete buttons provide the means to create a new row above a
selected row, or to delete rows.

Q The Reverse button reverses the order of all of the rows in the table whilst
maintaining the tendon shape.

U The Flip button mirrors the shape of the tendon profile about its mid-x
coordinate.

Defining a tendon profile in two 2D planes

Defining primary tendon profile data in two 2D planes, as opposed to the more
common definition in 3D space, is a preferred method in certain countries. This
requires the selection of the Two 2D planes tab and the input of X,Y and radius values
for both ZX and XY planes. Tendon profile data can be different in each plane. Radius
values need only be defined for line intersections. Projection and rotation angles can
additionally be defined to cope with inclined webs and rotated beam sections.
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Tendon Profile

x = distance along assigned lines)
v = distance along v axis of assigned element at x
2 = distance along 2 axis of assigned element at x

3d space  Two 2d planes |

x [ft] z [t Radius [ft) | Projection na

i i) i) [T} Angle . ag
LN ML 1 s | L S
=l -
&l % F 10 15w =

x [ft] ¥ [ft) Radius [ft] | Rotation

1] oo 00 00 s 095

2| 128 0.25 300 I— :

0.0
3 250 0.0 0.0 0z
Insert | ¥ B3
01
Delste |

003
—Smoothing i}

o . i 0 ] 0 15 20 25
I¥lirimurn radius & Cut corner /_.\ %
[= C Offsatine e

Reverse | Flip |
MName Itend0n2 j ﬂ (1of 1) Greate | Renarme | Delete |

< Back I Mext = I Cancel | Help |

Primary tendon profile data is defined for each plane by adding rows to the grid and
specifying the in-plane coordinates of each defining point along the tendon. Use the tab
key to create a new row beneath the last row of entered data. As the values are entered,
the tendon shape that they define is visualised in the adjacent graphs. Note that the use
of different scales for the vertical and horizontal axes of the graphs can lead to some
apparently visually impossible radii fitting at intersections. Use of a zero radius
generates point intersections.

O The Insert and Delete buttons provide the means to create a new row above a
selected row, or to delete rows. These manipulations can be carried out
independently for each of the two planes.

O The Reverse button reverses the order of all of the rows in the table whilst
maintaining the shape.

Q Flip mirrors the shape of the tendon profile about its mid-x coordinate.

O Projection angle Use of a projection angle overcomes the difficulties in
calculating z distances of an inclined elliptically shaped tendon in a 2D plane.
Using a projection angle causes the z coordinates defining the shape of the
tendon to be projected to the plane on which they would lie. For a vertical z axis
the projection angle is that between the zx plane and the inclined plane onto
which the zx curve will be projected. For a box section this would be the angle

235



Application Manual (Bridge, Civil & Structural)

between vertical and the inclined web (and would be zero if the web was
vertical)

U Rotation angle This rotates a tendon definition about the beam axis to which it
has been assigned. For a beam with a vertical z axis this would be the angle
between the zx plane and vertical. For a box section this might represent
camber of the whole section (zero if the section is level).

w +ve rotation angle

zx plane !

sy’ +ve prolectlon angle

beam axis

Xy plane
z coordinates defining the tendon profile

Smoothing

Smoothing allows the definition of a minimum radius around or through which two
intersecting tendon definition lines will be shaped.

There are two options:

U Cut corner adds a radius transition between two lines inside of their defined
intersection point (as per the diagram on the dialog.

O Offset line adds a radius transition between two lines through their defined
intersection point

For primary tendon profile data defined in 3D space, if a minimum smoothing radius is
defined it will be applied at all intersections along the profile. Use of a zero radius
generates point intersections.

For primary tendon profile data defined in two 2D planes a minimum smoothing radius
will only be applied at intersections if the radii otherwise defined for those intersections
are smaller.
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Defining a tendon profile by spreadsheet import

Tendon geometry and line segment information can be imported from a spreadsheet
using standard copy and paste facilities. Both four column (type and coordinate data)
and three column (coordinate data only) widths are supported. Where the copied data
includes the line segment 'Type' the text is expected to match the drop-down list item
names. Three column data is expected to be numeric and will paste into the coordinate
cells wherever it is pasted.

Defining a tendon profile in Modeller

Lines, arcs and splines that represent a tendon can, alternatively, be defined in LUSAS
Modeller and then be selected prior to accessing this dialog. Line segments will be
listed in the table with their setting-out information.

Notes

o If the line to which the tendon is assigned is an arc or spline, and the tendon
profile is generated with a straight local x-axis, this will be “wrapped” to follow
the path of the assigned curve, and therefore there is no need to curve the
tendon profile. In this situation it may be better to specify the profile as a curve
in global coordinates.

e Tendon profile data defined within the Prestress Wizard is also stored in the

Utilities &~ Treeview. Editing of tendon profile data in the Utilities o
Treeview (that is, outside of the prestress wizard) is permitted but all attributes

in the Attributes & Treeview that were previously created by a Prestress

Wizard will be marked with the A warning symbol to show that the Prestress
Wizard must be re-run to recalculate new values.

e Itis not possible to convert 3D space data tendon profile definition into a Two
2D Plane tendon profile definition.

e Tendon profiles can also be defined in isolation and outside of the multiple
tendon prestress wizard by using the Bridge > Prestress Wizard > Tendon
Profile menu item.

e For tendon profiles defined in two 2D planes there is no requirement for the
number of inputs to be the same for the XY and YZ planes or for the X
coordinates to be coincident, although the first and last sets of values in both
grids must span the same X range.

e Tendon profiles defined in two 2D planes can be viewed in 3D tendon
coordinate format (by pressing the 3D Space tab). Changes can be made to 3D
Space data viewed in this way but if made, the two 2D planes definition will be
lost.
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Defining AASHTO LRFD 2nd Edition Tendon Properties
(Multi-tendon)

This page of the multiple tendon prestress wizard allows tendon properties including
short and long and term losses to be entered.

AASHTO LRFD 2nd Edition Tendon Properties E
= After transfer
Tendon area I 1I in? .
Modulus of elasticity . o
for tendan I 28.5E3 ksi Relative humnidity F0.0 %
Change in stress due to
Concrete stress at : } :
trDaI;cerZre SHess S 175 ksi loads after transfer i ki
Short term losses | | Lovirelaation strands
Modulus of elasticity of I_ .
concrete at transfer 3.64E3 bsi
‘Wobble Factor coefficient I 0.2E-3 JFt
Duct friction coefficient 0,23
Defaults |
Mame | Prperties j ﬂ (1of 13 (reate | Renarne | Delete |
< Back I Mext = I Cancel | Help |

e To create a tendon property enter an attribute name and select the Create
button. Then enter tendon property data as described below:

Tendon details

QO Tendon area [Ay]. In general, for internal prestressing, tendons of modest size
are advisable, to avoid difficulties in housing and anchoring larger tendons with
the attendant increase in thickness of members and in the weight of
reinforcement. 19 No 0.6” strand (Aps=4.123in?) is considered to be a practical
upper limit per tendon. However, the Prestress Wizard will not preclude
tendons of larger area.

O Modulus of elasticity for tendon [Ey]. Refer to AASHTO 2nd clause 5.4.4.2.
The default value is 28,500Kksi, representing strand.
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Q Concrete stress at transfer [fe,]. This value is used for the calculation of
elastic shortening losses according to AASHTO 2nd eqgn 5.9.5.2.3b-1 and, when
long-term losses are requested, for creep losses using eqn 5.9.5.4.3-1. Creep
losses are based on a single value of fg, for each tendon (combined with Afg,
below as appropriate), and the elastic shortening losses are based on a single g,
value for each member (calculated from the values given for all the applicable
tendons). The value entered for f.y, here should be the stress in the concrete
adjacent to the tendon in question, immediately after tensioning and anchoring,
due to total prestressing forces and self-weight, at the section of peak moment.
Variations in stress arising from permanent actions applied after prestressing
(generally but not exclusively leading to elastic shortening gains) are not
incorporated in the calculation of initial elastic shortening loss.

Short term losses

O Modulus of elasticity for concrete at transfer [E]. This value is used for the
calculation of elastic shortening losses according to AASHTO 2nd egn
5.9.5.2.3b-1. It may be derived from the formula given in clause 5.4.2.4
(substituting f°¢ in place of ). In the apparent absence of guidance on values
for £ in AASHTO 2nd, AASHTO 5th clause 5.4.2.3.2, states f”¢; may be taken
as 0.8f; if the concrete age at the time of initial load is unknown during design.
A likely range of values is considered to be Eci = 2522 - 5148ksi.

O Wobble factor [K] (per foot). This value is used in the calculation of losses due
to friction according to AASHTO 2nd clause 5.9.5.2.2b, and also in
determining anchorage losses. Values may be sought in Table 5.9.5.2.2b-1.

O Duct friction coefficient [p]. This value is used in the calculation of losses due
to friction, according to AASHTO 2nd clause 5.9.5.2.2b, and also in
determining anchorage losses. Values may be found in Table 5.9.5.2.2b-1; the
default value p = 0.23 is for strand in polyethylene ducts, but is also in the
suggested range for rigid and semi-rigid galvanised metal sheathing.

After transfer

O Relative humidity [H]. This value is used in the calculation of losses due to
shrinkage to AASHTO 2nd clause 5.9.5.4.2. H is defined as the “average annual
ambient relative humidity (percent)” and guidance can be found in Figure
5.4.2.3.3-1.

QO Change in stress due to loads after transfer Afcy,. This value is used for the
calculation of the creep losses according to AASHTO 2nd eqn 5.9.5.4.3-1 and
is defined in the code as the “change in concrete stress at centre of gravity of
prestressing steel due to permanent loads with the exception of the load acting
at the time the prestressing force is applied”. Applied loads and long-term
losses generally oppose the initial prestress which dominates f.q, and so creep
effects arising from Afgy, are subtracted from those arising from f.g, in eqn
5.9.5.4.3-1. Therefore where Afcq, represents a reduction in stress from fey,, a
positive value for Afg, should be entered into eqn 5.9.5.4.3-1 and this dialog.
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As in the case of fg,, a value appropriate to the concrete adjacent to the tendon
in question may be used.

U Low relaxation strand (tick-box). Relaxation losses are calculated according to
AASHTO 2nd eqgn 5.9.5.4.4c¢-2, unless this tick-box is invoked, whereon 30%
of the value from eqn 5.9.5.4.4c¢-2 is used in line with the provisions of clause
5.9.5.4.4c.

Defaults

The Defaults button sets all previously entered values to those specified when the
dialog was first displayed. Such values are illustrative only and values for use in design
calculations should be checked using appropriate source data.

Notes

e The prestress definition dialog expects input units to be the same as the current
model unless otherwise stated on the dialogs. When the prestress loads are
calculated the prestress forces are converted into the current model units. The
current model units can be found on the status bar of LUSAS Modeller.

e An approximate check that the specified jacking force is suitable for the tensile
strength of commonly available strand is carried out by the wizard but the user
should refer to the relevant design code and manufacturers information for the
strand strengths and any applicable factors in order to ensure that the tendons
are not overstressed.

Defining AASHTO LRFD 5th Edition Tendon Properties
(Multi-tendon)

This page of the multiple tendon prestress wizard allows tendon properties including
short and long and term losses to be entered.

This page is also applicable to AASHTO LRFD 6™ and 7" Editions.
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AASHTO LRFD 5th Edition Tendon Properties E
v After transFer
. Age of concrete at kime I—
Tendon area I b e 7.0 days
Modulus of elasticity l— Strength of concrete at lw— i
Far tendon time of prestressing '
Concrete stress at transfer (Simss e DF_ |9.3E3 in?
concrete section
Moment of inertia of )
Shart term losses gross concrete seckion I 9.6E6 i
Modulus of elasticity of I Waolurne ko surface ratio |5.5 in
concrete at transfer
Wobble friction coefficent | Mo of days shrinkage | 27.393E3 days
Duct Frickion coefficient Relative humnidity Fo.0 Yo
Mo of days creep I 27.393E3 days
Modulus of elasticity of IW Kei
concrete
Change in stress due to .
loads after transfer 044 =
¥ Low relaxation strands
Yield stress of tendon I 243.0 ksi
Factor accounting for 0.0
Defaults | type of steel
Marne I df j ﬂ (1of 1) Create | Rename | Delete |
< Back I Mext = I Cancel | Help |

e To create tendon property enter an attribute name and select the Create button.
Then enter tendon property data as described below:

Tendon details

O Tendon area [A;]. The cross-sectional area of the tendon (or total area if a
group is being represented by a single load assignment). In general, for internal
prestressing, tendons of modest size are advisable to avoid difficulties in
housing and anchoring larger tendons with the attendant increase in thickness of
members and in the weight of reinforcement. 19 No 0.6” strand (A;=4.123in?)
is considered to be a practical upper limit per tendon. However, the Prestress
Wizard will not preclude tendons of larger area.

O Modulus of elasticity for tendon [E,]. Refer to AASHTO 5th clause 5.4.4.2.
The default value is 28,500ksi, representing strand.

QO Concrete stress at transfer [fe,]. This value is used for the calculation of
elastic shortening losses according to AASHTO 5th eqn 5.9.5.2.3b-1 and, when
long-term losses are requested, for creep losses using eqn 5.9.5.4.2b-1. Creep
losses are based on a single value of fg, for each tendon (combined with Afg,
below, as appropriate), and elastic shortening losses based on a single fcg, value
for each member (calculated from the values given for all the applicable
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tendons). The value entered for fy, here should be the stress in the concrete
adjacent to the tendon in question, immediately after tensioning and anchoring,
due to total prestressing forces and self-weight at the section of peak moment.
Variations in stress arising from permanent actions applied after prestressing
(generally, but not exclusively, leading to elastic shortening gains) are not
incorporated into the calculation of initial elastic shortening loss.

Short term losses

U Modulus of elasticity for concrete at transfer [E]. This value is used for the
calculation of elastic shortening losses according to AASHTO 5th egn
5.9.5.2.3b-1. It may be derived from the formula given in clause 5.4.2.4
(substituting f°¢; in place of f..). According to clause 5.4.2.3.2, f’¢; may be taken
as 0.8f; if the concrete age at the time of the initial load is unknown at the
design stage. A likely range of values would be E = 2525 - 5422ksi.

O Wobble friction coefficient [K (per foot)]. This value is used in the calculation
of losses due to friction according to AASHTO 5th clause 5.9.5.2.2b and also in
determining anchorage losses. Values may be sought in Table 5.9.5.2.2b-1

U Duct friction coefficient [p]. This value is used in the calculation of losses due
to friction, according to AASHTO 5th clause 5.9.5.2.2b, and also in
determining anchorage losses. Suitable values may be found in Table
5.9.5.2.2b-1; the default value p = 0.23 is for strand in polyethylene ducts, but
is also in the suggested range for rigid and semi-rigid galvanised metal
sheathing.

After transfer

U Age of concrete at time of prestressing [t;]. This value is used for the
calculation of losses due to creep to AASHTO 5th clause 5.9.5.4.3b.

O Strength of concrete at time of initial loading [f"]. This value is used in the
calculation of losses due to creep to AASHTO 5th clause 5.9.5.4.3b. £ is
defined as the “specified compressive strength of the concrete at the time of
initial loading or prestressing; nominal concrete strength at time of application
of tendon force (ksi)”. According to clause 5.4.2.3.2, f’ci may be taken as 0.8f’c
if concrete age at time of initial load is unknown at design stage.

O Gross area of concrete section [A.], and Moment of inertia of gross concrete
section, [I¢]. These values are used for the calculation of losses due to
shrinkage, to AASHTO 5th clause 5.9.5.4.3a, and creep, to clause 5.9.5.4.3b.
Where the concrete section varies, suitable intermediate values may be
required.

O Volume to surface ratio [V/S]. This value is used in the calculation of losses
due to shrinkage to AASHTO 5th clause 5.9.5.4.3a, and creep, to clause
5.9.5.4.3b. Details on how the ratio should be calculated are given in clause
5.4.2.3.2.
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O No of days shrinkage [t]. This value is used for the calculation of losses due to
shrinkage to AASHTO 5th clause 5.9.5.4.3a. t is defined as the “number of days
between end of curing and time being considered for analysis of shrinkage
effects”. The default value is based on the design life for a bridge, which is 75
years according to clause 1.2.

O Relative humidity [H]. This value is used in the calculation of losses due to
shrinkage, to AASHTO 5th clause 5.9.5.4.3a, and creep, to clause 5.9.5.4.3b. H
is defined as the “average ambient mean relative humidity (percent)” and
guidance can be found in Figure 5.4.2.3.3-1.

O No of days creep [t]. This value is used for the calculation of losses due to
creep to AASHTO 5th clause 5.9.5.4.3b. t is defined as the “no of days between
application of load and time considered for creep calculation”. The default
value is based on the design life for a bridge, which is 75 years, according to
clause 1.2.

O Modulus of elasticity of concrete [E.]. This value is used for the calculation of
losses due to creep to AASHTO 5th clause 5.9.5.4.3b. E. may be calculated for
a given concrete grade from the equation in clause 5.4.2.4.

O Change in stress due to loads after transfer [A¢g4]. This value is used for the
calculation of the creep losses according to AASHTO 5th eqn 5.9.5.4.2b-1, and
is defined in the code as the “change in concrete stress at centroid of
prestressing strands due to long-term losses between transfer and deck
placement, combined with deck weight and superimposed loads”. In fact, a
value appropriate to the concrete adjacent to the tendon in question may be
used. Agyq is generally negative since applied loads and long-term losses oppose
the initial prestress that dominates feg.

QO Low relaxation strands (tick-box). When invoked, the relaxation loss Afyg, =
Afyry = 1.2ksi is be assumed according to AASHTO 5th clause 5.9.5.4.2c, and
the text boxes for f,; and K_are greyed out. If this assumption is deemed
inappropriate, the box should be unticked and the appropriate data entered

Q Yield stress of tendon [fy]. This value is used for the calculation of relaxation
losses according to AASHTO 5th eqn 5.9.5.4.2¢-1. f,y is defined as “yield stress
of prestressing steel.”. Suitable values may be based on clause 5.4.4.1.

O Factor accounting for type of steel [K_]. This value is used for the calculation
of relaxation losses according to AASHTO 5th eqn 5.9.5.4.2¢-1, when the
assumption of Afyr, = Afir; = 1.2ksi is deemed inappropriate. K is defined as
“factor accounting for type of steel, taken as 30 for low relaxation strands and 7
for other prestressing steel, unless more accurate manufacturer’s data is
available.”.

Defaults

O The Defaults button sets all previously entered values to those specified when
the dialog was first displayed. Such values are illustrative only and values for
use in design calculations should be checked using appropriate source data.
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Notes

e The prestress definition dialog expects input units to be the same as the current
model unless otherwise stated on the dialogs. When the prestress loads are
calculated the prestress forces are converted into the current model units. The
current model units can be found on the status bar of LUSAS Modeller.

Defining AASHTO LRFD 6th Edition Tendon Properties

(Multi-tendon)

For details of AASHTO LRFD 6th Edition Tendon Properties please refer to
AASHTO LRFD 5th Edition Tendon Properties (Multi-tendon). All relevant
clauses in AASHTO LRFD 6th Edition are identical to those in AASHTO LRFD 5th
Edition.

Defining AASHTO LRFD 7th Edition Tendon Properties

(Multi-tendon)

For details of AASHTO LRFD 7th Edition Tendon Properties please refer to
AASHTO LRFD 5th Edition Tendon Properties (Multi-tendon). All relevant
clauses in AASHTO LRFD 7th Edition are identical to those in AASHTO LRFD 5th
Edition.
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Defining BS5400-4:1990 Tendon Properties (Multi-

tendon)

This page of the multiple tendon prestress wizard allows tendon properties including
short and long and term losses to be entered.

BS5400 Tendon Properties E

—I¥ Long term losses

Tendon area I 1.0E3 mm? Relaxation loss I 25 e
Madulus of elasticity I 200.0E6 kifm2 Shrinkage coefficient I 0.26-3
Creep coefficient I 36.0E-9 m2fki
Short term losses
‘\Wobble Factar IW Im Stress at kransfer IW kMfm?

Duct friction coefficient | 0.55

Defaults |

Marne | strand properties j ﬂ (10of 1) Create | Renamel Delete |

< Back I Mext = I Cancel | Help |

e To create a tendon property enter an attribute name and select the Createbutton.
Then enter tendon property data as described below:

Tendon details

O Tendon area The cross-sectional area of the tendon (or total area of group of
strands if a group is being represented by a single load assignment)

O Modulus of elasticity

Short term losses

O Wobble factor is defined per metre length and should be obtained from design
code.

O Duct friction coefficient should be obtained from design code.
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Long term losses
U Relaxation loss is a percentage of the prestress force.
O Shrinkage Coefficient
U Creep coefficient

O Stress at transfer Compressive stress in the concrete adjacent to the tendon due
to prestress loading only, averaged along the length of the tendon.

Defaults

The Defaults button sets all previously entered values to those specified when the
dialog was first displayed.

Notes

e The prestress definition dialog expects input units to be the same as the current
model unless otherwise stated on the dialogs. When the prestress loads are
calculated the prestress forces are converted into the current model units. The
current model units can be found on the status bar of LUSAS Modeller.
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Properties

Defining DD EN1992-1-1:1992 Eurocode 2 Tendon

This page of the multiple tendon prestress wizard allows tendon properties including
short and long and term losses to be entered.

DD ENY 1992-1-1:1992 Eurocode 2 Tendon Properties | x|
I | L betmlasses
Tendan area I 1.05E3 mm? Relaxation lass I 7.5 %
Modulus of elasticity 190.0E6 . . e .
for tendon I . kkfm Shrinkage strain I o
Concrete stress at | 10.0E3 krlfm?2 Creep cosfficient | 2.0
transfer
Secant modulus of I 35.0E6 a
Short term losses elasticity For concrete . Y
Madulus of elasticity For I 32.0E6 Kz Change in stress due I _3.0E3 Kz
concrete at transfer to loads after transfer
Unintentional angular Area of concrete I
displacemnent — radim section 60 m?
Duct: frickion coefficient 0.1 Secand mamert of I 4.0 md
area - concrete
[Efaulks |
Iame I | j ﬂ (new) Greate | FERamE | DElEte |
< Back I Mext = I Cancel | Help |

e To create tendon property enter an attribute name and select the Create button.
Then enter tendon property data as described below:

Tendon details

Q Tendon area [Ag]. The cross-sectional area of the tendon (or total area of group
of strands if a group is being represented by a single load assignment). In
general, for internal prestressing, tendons of modest size are advisable to avoid
difficulties in housing and anchoring larger tendons with the attendant increase
in thickness of members and in the weight of reinforcement. 19 No 15mm
strands (A,=2850mm?) or 27 No 13mm strands (A,=2700mm?) might be a
practical upper limit per tendon. However, the Prestress Wizard will not
preclude tendons of larger area.

O Modulus of elasticity of tendon [E;] . Refer to DD ENV 1992-1-1 clause
3.3.4.4 (2). The default value for the modulus of elasticity, E, is assumed to be
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190kN/mm?, representing strand. Values typically fall in the range of
185kN/mm?2 to 210kN/mm?.

U Concrete stress at transfer [o]. This value is used for the calculation of
elastic shortening losses to DD ENV1992-1-1 clause 4.2.3.5.5(6) and, when
long-term losses are requested, the creep component of time-dependent losses
to clause 4.2.3.5.5(9) eqn 4.10. Creep losses are based on a single value of 6,
for each tendon (combined with Aoy below, defined as appropriate), and the
elastic shortening losses are based on a single o, value for each member
(calculated from the values given for all the applicable tendons). The value
entered for o, here should be the stress in the concrete adjacent to the tendon in
question, immediately after tensioning and anchoring, due to total prestressing
forces and self-weight averaged along the length of the tendon. Variations in
stress arising from permanent actions applied after prestressing (generally but
not exclusively leading to elastic shortening gains) are not incorporated in the
calculation of initial elastic shortening loss.

Short term losses

O Modulus of elasticity of concrete at transfer [Eqn]. This value is used for the
calculation of elastic shortening losses to DD ENV1992-1-1 clause 4.2.3.5.5(6).
This is the secant modulus of elasticity for concrete, adjusted for concrete age at
the time of application of the load, under the provisions of DD ENV 1992-1-1
clause 3.1.2.5.2(4). There are no formulae for the strength of concrete
developing with time in DD ENV 1992-1-1, therefore reference may be made to
the CEB-FIP Model Code 1990, clauses 2.1.6.1 and 2.1.3.2, or EN1992-1-
1:2004 clause 3.1.2. A likely range of values would be 24-37kN/mm2.

U Unintentional angular displacement [k]. This value is used in the calculation
of losses due to friction, according to DD ENV1992-1-1 clause 4.2.3.5.5(8), for
the component sometimes referred to as “wobble” loss. It is also used in the
calculation of anchorage losses. k is defined as “unintentional angular
displacement (per unit length) related to the profile of the tendons". Clause
4.2.3.5.5(8) gives a range of 0.005 < k <0.01 /m.

O Duct friction coefficient , . This value is used in the calculation of losses due
to friction, according to DD ENV 1992-1-1 clause 4.2.3.5.5(8). It is also used in
the calculation of anchorage losses. Suitable values may be found in clause
4.2.3.5.5(8); the default value p = 0.19 is for internal tendons made up of strand
filling roughly half of the duct.

Long term losses

QO Relaxation loss [pg]. This value is used for the calculation of A, the absolute
value of relaxation loss, which is incorporated into the time dependent loss
calculation of DD ENV 1992-1-1 eqn 4.10. According to clause 4.2.3.4.1(2),
the long term value of the relaxation loss may be assumed to be three times the
relaxation losses after 1000h, which may in turn be taken from Figure 4.8,
dependent upon the ratio of the applied prestress to the tensile strength of the
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tendons and the type of prestressing steel in use. Typical values for class 2
(strand) would therefore be (from Figure 4.8);

o op/fo=10.6; p1000 = 1%; poo = 3%
o op/fo=10.7; p1000 = 2.5%; poo = 7.5%
o Gy/f=0.8; p1000 = 4.5%; poo = 13.5%

Shrinkage strain [g(t,t0)]. This value is used in the calculation of losses due to
shrinkage according to DD ENV 1992-1-1 clause 4.2.3.5.5(9). &4(t,t0) is “the
estimated shrinkage strain, derived from the values in Table 3.4 for final
shrinkage (see also 2.5.5 and Appendix 1)” and should be specified “per mil”
(%o) in accordance with the code (rather than actual strain).

Creep coefficient [¢(t,t0)]. This value is used in the calculation of losses due to
creep, according to DD ENV 1992-1-1 clause 4.2.3.5.5(9). Clause 1.7.4
describes ¢(t,t0) as the “Creep coefficient, defining creep between times t and
t0, related to elastic deformation at 28 days”. Clause 4.2.3.5.5(9) refers to
clause 2.5.5 that in turn refers to clause 3.1 or (for greater accuracy) Appendix
1. If greater accuracy is not required, a value for @(o0,t0) may be obtained from
Table 3.3, dependent upon notional size, relative humidity and maturity of the
concrete when the load is first applied.

Secant modulus of elasticity of concrete [E.]. This value is used for the
calculation of time-dependent losses according to DD ENV 1992-1-1 clause
4.2.3.5.5(9). Equation 4.10 requires a modular ratio, a = E¢/E.,, Where E,,, can
be obtained from Table 3.2. A likely range of values would be 29-37kN/mm?2.

Change in stress due to loads after transfer Acg,. This is used to adjust the
concrete stress at transfer, c.,, to account for stress in the concrete due to
permanent loads applied after prestressing. 6, + Acgg gives the concrete stress
appropriate for the calculation of the creep component of time-dependent losses
according to DD ENV 1992-1-1 clause 4.2.3.5.5(9), eqn 4.10 that is 6, + Acgg
= (0cg T Ocpo). Aocq IS typically negative, since applied loads oppose the
prestress that dominates G.

Area of concrete section [Ac] and Second moment of area — concrete [Ic].
These values are used for the calculation of time-dependent losses, according to
DD ENV 1992-1-1 clause 4.2.3.5.5(9) eqn 4.10. Where the concrete section
varies, suitable intermediate values may be required. If the member is a
standalone beam element the area of the beam should be used. If the beam
member represents part of a larger structure (for example a certain width of
slab) then only the area of the portion represented by this particular beam
member should be used. Please note that the prestress wizard is designed to
work for a single beam member, not for a subdivided portion of slab or wide
beam element, so using it in any other way is at the engineer’s judgement.
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Defaults

The Defaults button sets all previously entered values to those specified when the
dialog was first displayed. Such values are illustrative only and values for use in design
calculations should be checked using appropriate source data.

Notes.

e The prestress definition dialog expects input units to be the same as the current
model unless otherwise stated on the dialogs. When the prestress loads are
calculated the prestress forces are converted into the current model units. The
current model units can be found on the status bar of LUSAS Modeller.

Defining EN 1992-1-1:2004 Eurocode 2 Tendon

Properties (Multi-tendon)

This page of the multiple tendon prestress wizard allows tendon properties including
short and long and term losses to be entered.

EN1992-1-1:2004 Eurocode 2 Tendon Properties E

— Long term losses

Tendaon area I 1.05E3 T2 Relaxation loss I 2.5 a
Modulus of elasticity 195.0E6 5 5 lﬁ
Far tendan I ' krfm Relaxation class Class 2 ¥
Concrete stress ak Time after tensioning
transfer I L0.0E3 kiifm3 (For relaxation calcs) I SIS hir
Tensile strength of 5
Short term losses prestressing steel I 1.86E6 Krfm
Modulus of elasticity For 32.0E6 KMjm? shrirkage strain luq— oo
concrete at transfer
U_nintentional angular 0.01 radfm Creep coefficient I 2.0
displacement
Duct: friction coefficient 0.1%9 Change in stress dus I -3.0E3 kifmz
to loads after transfer
Secant modulus of I .06 Khijm?
elasticity for concrete :
Area of concrete I 6.0 e
section
Second morment of I a0 e
atea - concrete

Defaults

Mame | Prperties j ﬂ {10of 1) (Greate | Renamel Delete |

< Back | Mext = | Cancel | Help |
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e To create a tendon property enter an attribute name and select the Create
button. Then enter tendon property data as described below:

Tendon details

Q Tendon area [Ag]. The cross-sectional area of the tendon (or total area of group
of strands if a group is being represented by a single load assignment). In
general, for internal prestressing, tendons of modest size are advisable to avoid
difficulties in housing and anchoring larger tendons with the attendant increase
in thickness of members and in the weight of reinforcement. 19 No 15mm
strands (A,=2850mm?) or 27 No 13mm strands (A,=2700mm?2) might be a
practical upper limit per tendon. However, the Prestress Wizard will not
preclude tendons of larger area.

O Modulus of elasticity for tendon [Ey]. Refer to EN 1992-1-1:2004 clause 3.3.6.
The default value for the modulus of elasticity, E, is assumed to be 195GPa,
representing strand. Values typically fall in the range of 185GPa to 210GPa.

O Concrete stress at transfer [Ac(t)]. This value is used for the calculation of
elastic shortening losses, according to EN1992-1-1 clause 5.10.5.1(2), and,
when long-term losses are requested, for the creep component of time-
dependent losses, to clause 5.10.6(2). Creep losses are based on a single value
of Ac(t) for each tendon (combined with Accq below as appropriate), and the
elastic shortening losses are based on a single Ac.(t) value for each member
(calculated from the values given for all the applicable tendons). The value
entered for Acc(t) here should be the stress in the concrete adjacent to the
tendon in question, immediately after tensioning and anchoring, due to total
prestressing forces and self-weight, averaged along the length of the tendon.
Variations in stress arising from permanent actions applied after prestressing
(generally, but not exclusively, leading to elastic shortening gains) are not
incorporated into the calculation of initial elastic shortening loss.

Short term losses

O Modulus of elasticity for concrete at transfer [E.,(t)]. This value is used for
the calculation of elastic shortening losses, according to EN1992-1-1:2004
clause 5.10.5.1(2). Ecm(t) is defined as “the secant modulus of elasticity of
concrete at time t”. From clause 5.10.3, time t=t0 (immediately after tensioning
and anchoring) should be used for this calculation. Thus E., from Table 3.1
may need to be adjusted according to clause 3.1.3(3). A likely range of values
would be 26-39MPa.

O Unintentional angular displacement [k]. This value is used in the calculation
of losses due to friction, according to EN1992-1-1:2004 clause 5.10.5.2, for the
component sometimes referred to as “wobble” loss and also in determining
anchorage losses. k describes the “unintentional angular displacement” for
internal tendons in radians per unit length. Clause 5.10.5.2(3) gives the range
0.005 < k <0.01 rad/m.
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U Duct friction coefficient [p]. This value is used in the calculation of losses due
to friction according to EN1992-1-1:2004 clause 5.10.5.2(1), and also in
determining anchorage losses. Suitable values may be found in Table 5.1; the
default value p = 0.19 is for internal tendons made up of strand filling roughly
half of the duct.

Long term losses

Q Tensile strength of prestressing steel [f] This value is used for the
calculation of A, the absolute value of relaxation losses to EN1992-1-1 clause
3.3.2(7) and incorporated into the time dependent loss calculation of clause
5.10.6(2).

Q Relaxation Class This is used along with f, to calculate relaxation losses.
Classes 1, 2 and 3 are defined in EN1992-1-1 clause 3.3.2(4).

QO Relaxation loss at 1000 hours [piggo]. This is used, along with fy and the
Relaxation Class, to calculate relaxation losses. Typical values may be found in
clause 3.3.2(6) and the default value is based on low relaxation strand (Class 2).

Q Time after tensioning (for relaxation calcs) [t]. This is used, along with f,
Relaxation Class and p1gqo t0 calculate relaxation losses. According to EN1992-
1-1 clause 3.3.2(8), long term (final) values of the relaxation losses may be
estimated for a time (t) equal to 500 000 hours (i.e. around 57 years).

O Shrinkage strain [g]. This value is used in the calculation of losses due to
shrinkage, according to EN1992-1-1:2004 clause 5.10.6(2). The value should be
calculated from clause 3.1.4(6), depending on notional size, relative humidity,
concrete strength and cement class, and should be specified “per mil” (%o) in
accordance with the code (rather than actual strain).

O Creep coefficient [¢(t,t0)]. This value is used in the calculation of losses due to
creep, according to EN1992-1-1:2004 clause 5.10.6(2). The value should be
calculated from clause 3.1.4(2), dependent upon the same parameters as the
shrinkage strain plus the maturity of the concrete when the load is first applied.
Values may be taken from Figure 3.1.

O Secant modulus of elasticity for concrete [E.q,]. This value is used for the
calculation of time-dependent losses according to EN1992-1-1:2004 clause
5.10.6(2). The clause refers explicitly to obtaining E.,, from Table 3.1. A likely
range of values would be 27-44MPa.

Q Change in stress due to loads after transfer [Acgg]. This is used to adjust
“Concrete stress at transfer” according to the permanent loads applied after
transfer, to give the concrete stress appropriate for the calculation of the creep
component of time-dependent losses, according to EN1992-1-1 clause
5.10.6(2), that is, o, gp = Ac(t) + Acgy. Note that Accg is typically negative since
applied loads oppose the prestress that dominates Ac(t).

U Area of concrete section [Ac], Second moment of area — concrete [I].The

area and second moment of area of the concrete member to which the prestress
forces will be applied. These values are used for the calculation of time-
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dependent losses, according to EN1992-1-1:2004 clause 5.10.6(2). Where the
concrete section varies, suitable intermediate values may be required. If the
member is a standalone beam element the area of the beam should be used. If
the beam member represents part of a larger structure (for example a certain
width of slab) then only the area of the portion represented by this particular
beam member should be used. Please note that the prestress wizard is designed
to work for a single beam member, not for a subdivided portion of slab or wide
beam element, so using it in any other way is at an engineer’s judgement.

Defaults

The Defaults button sets all previously entered values to those specified when the
dialog was first displayed. Such values are illustrative only and values for use in design
calculations should be checked using appropriate source data.

Notes.

e The prestress definition dialog expects input units to be the same as the current
model unless otherwise stated on the dialogs. When the prestress loads are
calculated the prestress forces are converted into the current model units. The
current model units can be found on the status bar of LUSAS Modeller.

e An approximate check is carried out by the wizard that the specified jacking
force is suitable for the tensile strength of commonly available strand, but the
user should refer to EN1992-1-1 clause 5.10.3(2), manufacturer’s information
for the strand strengths and the appropriate National Annex for values of k7 and
k8 in order to ensure that the tendons are not overstressed.
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Defining JTG D62-2004 Tendon Properties (Multi-
tendon)

This page of the multiple tendon prestress wizard allows tendon properties including
short and long and term losses to be entered.

ITG D62 Tendon Properties

Tendon area mé | Relaxation factor 0.035

Modulus of elasticity of S00.0E 3 mpg | Utimate concrete IS
tendon shrink.age strain

i

Long-term modulus of 0.0E3 MPa Ultimate factor of
elasticity of concete concrete creep

|2 a
Conecrete strezs due to 200 Mpg | Monprestressed IDD—
IIJ A

all prestress reinforcement area vt
r— Losses at transfer
- Area of concrete
Duct friction coeff. 0.25 section e
Urintentional angular |-| BE-2 /m Second moment of [ pE-3 Y
displacement area - concrete

Defaults |

Attribute |props j j [1of1) [Ereate | Henamel Delete |

< Back I Mext > I Cancel | Help |

e To create tendon property enter an attribute name and select the Create button.
Then enter tendon property data as described below:

Tendon details
U Tendon area Steel area for the tendon being defined.
O Modulus of elasticity of tendon Young’s modulus of prestress reinforcement.

O Long-term modulus of elasticity of concrete The long-term Young’s
modulus of concrete.

U Concrete stress due to all prestress The stress in concrete due to prestress at
the centroid of all tendons. See JTG D62-2004 section 6.1.5.
Losses at transfer

O Duct friction coefficient The friction coefficient between the tendon (prestress
reinforcement) and the duct (pipe). See JTG D62-2004 Table 6.2.2.
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O Unintentional angular displacement also known as the influence factor of
load deviation or wobble. This is defined per metre length. See JTG D62-2004
Table 6.2.2.

Losses after transfer

Relaxation factor See JTG D62-2004 Section 6.2.6.

Ultimate concrete shrinkage strain See JTG D62-2004 Table 6.2.7.
Ultimate factor of concrete creep See JTG D62-2004 Table 6.2.7

Concrete prestress due to all prestress The stress in concrete due to prestress
at the centroid of all tendons. See JTG D62-2004 section 6.1.5.

Non-prestressed reinforcement area The sectional area of general (non
prestressed) reinforced reinforcement

O Area of concrete section The net sectional area of concrete after the area of the
pipes (ducts) and other weakened parts have been removed.

O Second moment of area- - concrete Moment of inertia of concrete section

O000

(M)

Defaults

The Defaults button sets all previously entered values to those specified when the
dialog was first displayed.

Notes

e The prestress definition dialog expects input units to be the same as the current
model unless otherwise stated on the dialogs. When the prestress loads are
calculated the prestress forces are converted into the current model units. The
current model units can be found on the status bar of LUSAS Modeller.

e The loss due to elastic compression of concrete is computed using the
simplified formula in JTG D62-2004 Appendix E.

e Guidance on the deformation of the anchorage device is provided in JTG D62-
2004 Table 6.2.3.

Definition of Tendon Loading

This page of the multiple tendon prestress wizard allows a tendon load to be
associated with previously entered profiles and properties.

The tendon profile and property drop-down lists are populated with entries present in
the Utilities Treeview.
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Tendon Loading E
Jacking details
[V End 1 " End2
0.0 @ 0.0
Prestress force I 283 krd oD I I

Slip |Se-3 m |0.0 -
Profile Ishort tendon profile j
Property Istrand properties i

Mame | tendon 1 j ﬂ (1 of 1) Create | Renarme | Delete |
< Back I Mext = I Cancel | Help |

e To create a tendon load enter a dataset title and select the Create button.
Tendon load data can then be entered.

e The tendon force must be defined in addition to jacking details. Anchorage
losses are defined as slippage from either, or both ends.

Notes

e An approximate check that the specified jacking force is suitable for the tensile
strength of commonly available strand is carried out by the wizard but the user
should refer to the relevant design code and manufacturers information for the
strand strengths and any applicable factors in order to ensure that the tendons
are not overstressed.

Tendon Loading Assignment

This last page of the multiple tendon prestress wizard allows the assignment of the
tendon loads that have been defined in the previous dialog.
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Tendon Loading Assignment E
Assign ko lines Loadcases
I 1;2;34;5 Analysis IAnaIysis 1 j
Copy from selection | [ViStage 1 ;I
[w]Stage 2
[w]Stage 3
Tendon Itendon 1 j
% Offset from End 1 ID.D M
 Fit ta lines

¥ Compute loading
I Generate graph datassts
¥ Generate repork

I L:1LUSAS148\Projectsiseg_bridge. hkml e |

¥ Include setting-out information

Spacing II.D m LI
‘ertical origin ISection battom 'l Creats ||1 _I; Mew loadeases

Horizontal origin ISection centre 'l

Assignment b jl (Lof 1} Mew Delete |

< Back I Finish I Cancel | Help |

Assigning tendon loads to loadcases

Tendon loads can be assigned to single or multiple loadcases within a chosen
Analysis using the checklist boxes and drop-down list in the Loadcases panel.
Selecting a loadcase will automatically select all subsequent loadcases. To
switch the subsequent loadcases off, select the loadcase following the chosen
loadcase and this will toggle the activation of the subsequent loadcases.

New loadcases for tendon assignment can be created by entering a quantity and
selecting the Create button. These loadcases will not be generated in the model
until the tendon calculation is complete.

Assigning tendon loads to lines

If the Tendon analysis type of modelling is being used, before the tendon
assignment can be undertaken any lines in the model representing the tendon
must be assigned tendon properties must be meshed with beam elements.

Tendon loads can be assigned to lines entered in the line numbers box directly,
or by selecting the lines on the model prior to starting the wizard, and clicking
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Copy from selection. These lines may be straight or curved and may consist of
multiple lines defining each span.

e Checks are made, on saving, that the lines selected for assignment form a single
continuous open-ended path. Unconnected lines, multiple paths, branching and
/or a closed loop are reported as an error.

e Line numbering and line direction determines the tendon profile direction for
the superimposed tendon. Line direction must be consistent along the selected
lines representing the beam assignments. Any inconsistencies in line direction
will cause an error.

e Offset from End 1 allows the selected tendon profile to be displaced with
reference to the starting point of the line or lines stated in the Assign to Lines
cell.

e Fitto Lines is used if a tendon profile needs to be contracted or expanded to
match the length of a line or series of lines. This process is part of the mapping
of the tendon to the lines and does not change the tendon profile definition. The
mapping does not provide a uniform scaling so arcs in the profile will become
ellipses, and the y and z maxima and minima will not change.

Computing loading

U Compute loading when checked causes the loading calculation and
assignments to be carried out on finishing the wizard. When not checked no
calculations will take place but the data entered, as long as it is valid, will be
stored to the model. This is useful if it is required to exit the wizard during the
process of entering data. The Next> button on the preceding dialogs can be
clicked to get to this final page to enter a single assignment and then exit the
wizard assured that the current entered data will be stored to the model.

Generating graphs of tendon losses

U Generate graph datasets should be selected if a graphical visualisation of the
tendons is required. When the prestress definition is computed graph datasets
will be created, which can be graphed using the graph wizard to enable the
tendon losses to be visualised against the tendon length.

Generating reports of tendon assignments

O Generate report creates an HTML document useful for quality assurance
purposes in the current working folder (or the specified directory). This
document is automatically displayed in the default web browser at the end of
the calculation. The report comprises a table of contents of all the tendon
calculations; summaries for the tendon properties and tendon profile (original
input and sampling points used) ; followed by the prestress losses and the
prestress load components as used in the LUSAS loading attributes. Tendon
setting-out information can be optionally added to this report.
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Q Include setting-out information The calculated tendon profile shape (after all
smoothing has been applied) can be included in a tendon summary report in a
format that is suitable for setting-out the tendon on-site.

e Tendon profile setting out data can be tabulated for a defined Spacing
along a beam with reference to Vertical origin and Horizontal origin. The
origin settings can be set to be an Assigned line or the top or bottom, left or
right, or centre of a geometrically defined cross-section. Note that 'Section
centre' may differ from 'Assigned line' by any eccentricity that may be
applied.

e Each tendon assignment writes a separate setting-out chapter where the
setting-out tendon profile information is stated as relative distances
between setting-out points. In some cases, several assignments may
generate duplicate tables of data, for example where the same profile has
been used on many lines, but the details of the assigned lines may be
different so a separate report is provided as a safety measure.

e Atany given point on the structure the interpretation of 'Section top’,
'Section bottom', 'Section left' or 'Section right' depends upon the specified
vertical direction (set using Utilities > Vertical Axis), the assigned line, and
the direction of increasing x distance along the tendon profile. 'Section top'
is always interpreted as vertical, which (for non-level decks) is not
necessarily perpendicular to the section at that point. A ‘forwards' direction
is always along the assigned line, but may be opposite to the line's x-axis,
as it must follow the tendon's increasing x value. 'Section left' and 'Section
right' are calculated from the cross-product between the 'up' and ‘forwards'
directions at each point.

Vertical Axis
Tendon setting  Tendon fSection centre
l¢ Offset from End < Tendon profile » out information ! (nodal line)
at stated
/ Spaqng \‘Z I_ / J
[ e b o] locations
\-——/ A 4
V k ;
/ >
Line directions Spacing

Vertical origin: Section bottom,

local x direction) of lines
( ) Horizontal origin: Section left

defined in the Assign to
Lines text box

Longitudinal Transverse

Selected tendon profile setting-out terms explained
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Completing the Wizard

e Clicking the Finish button will save all of the entered data to the model and, if
selected, compute the tendon forces and assign them to the relevant loadcases.

Prestress Wizard-created data

In using the Prestress Wizard, prestress loading is added to the analysis model as
equivalent discrete point loading. In doing so, search areas are created and used
automatically by the prestress wizard to define the target geometry to be loaded. By
right-clicking on a tendon loading assignment in the Attributes & Treeview and
choosing Visualise from the context menu the search area used for that assignment may
be viewed.

e Load factors are used to represent elastic shortening. These can be seen for each
stage in the Analyses (&) Treeview.

e Graphing datasets (which allow of graphing of prestress losses etc) are added to
the Utilities Ju Treeview.

e Tendon profiles defined by the Prestress Wizard are added to the Utilities e
Treeview.

Editing Prestress Wizard-created data

If any tendon assignments need modifying, the Multiple tendon prestress wizard may
be re-run (previously entered values will be retained) and the Next button can be
clicked to get to the tendon loading assignment page. Incorrect assignments can be
deleted or simply corrected as required before clicking the Finish button to recalculate
the equivalent tendon loading on the model.

e Editing of tendon profile data in the Utilities sf”rb' Treeview. (that is, outside of
the wizard) is permitted but all attributes that require re-calculating by re-

running the prestress wizard will be marked with the warning /A symbol . Re-
running the prestress wizard will update all values accordingly.

e Editing of any attribute data calculated and generated by the prestress wizard is
not permitted.

Deletion of prestress attributes

e Deletion of individual prestress attributes is not permitted since it will
invalidate any calculations (e.g. elastic shortening) that have been made.
Deletion of all prestress attributes (i.e profiles, properties) is possible and is
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achieved by selecting the Delete all menu item on the context menu for each
item.

e Re-running the Multiple Tendon Prestress Wizard deletes all previously created
data before re-calculating for a modified model.

Note that if some other aspect of the model has been changed (for example the

geometry or mesh) then the attributes will be marked with a warning A symbol to
show that the wizard must be re-run to recalculate new values.
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Rail Track-
Structure
Interaction
Analysis

Overview

The LUSAS Rail Track Analysis software option permits track/bridge interaction
analysis to the International Union of Railways Code UIC774-3. Dialogs that enable
model building, definition of loading and post-processing of results are accessed from
the Bridge (or Civil) > Rail Track Analysis UIC774-3 menu item.

Track and bridge interaction models are built automatically in LUSAS from geometric,
material property, and loading data defined in a MS Excel spreadsheet. Both thermal
loading to the track and train loading due to acceleration and braking forces can be
defined. In accordance with the UIC774-3 code of practice, a user-specified element
length is used to define the longitudinal embankment and bridge features. Rail clips,
ballast movement, bearings and pier stiffness are all included in the analysis model.
The model building dialogs allow for either one train crossing one or more structures,
or for multiple trains crossing the same structure

When running an analysis, deck temperature loading can be considered in isolation for
subsequent analysis of multiple rail configurations, or a full analysis can be carried out
considering the combined temperature in the deck and rail loading. Because the
response of the ballast and/or clips is nonlinear a nonlinear analysis always needs to be
carried out.

Results can be produced in either Excel spreadsheet or standard LUSAS results file
format. User-defined load combinations can be specified. Spreadsheet results include
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deformations, forces/moments and axial stresses in the rails of the tracks and
deformations and forces / moments in the deck structure.

The use of individual dialogs are explained in the following topics. For more detailed
information refer to the Rail Track Analysis Manual.

Worked example

A worked example, Track-Structure Interaction to UIC774-3, examines the track-
structure interaction between a braking train and a single span bridge to replicate (as far
as the original test data allows) testcase E1-3 which can be found in Appendix D.1 of
the UIC774-3 Code of Practice. This example can be found in the Rail Track User
Manual.

UIC774-3 Model Builder

Madel filename I

Microzoft Excel spreadshest E—
or batch test file |

MOTE: LUSAS model will be built and min in the current working directony

Current working directory:  D:ALUSAST4545Projects
Elemert size 1.0 [~ &pply temperature and rail lnads in zame analysis
™ w/ait for solution

Ok, | Cancel | Help |

To use the UIC774-3 analysis option a spreadsheet describing the model geometry,
properties and loading should have been defined. To do this use the template located in
the <Lusas Installation Folder>\Programs\Scripts\User directory and enter the required
information into the appropriate locations. All units for the analysis are metric and are
listed for the sections within this spreadsheet.

Note: Each ‘rail”’ in the Geometric Properties definition represents a single track on the
structure and therefore should have geometric properties equal to double that of a
single rail. Up to two tracks can be present on the structure.

Analysing a Single Structure

If a single analysis is being carried out then a model filename should be specified with
or without the *.mdl extension. A directory should not be specified with this model
filename as the current working directory is used for saving the model.

The Microsoft Excel filename should be entered or located using the Browse... button
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Batch Processing Multiple Structures

If multiple models are to be built and analysed the batch processing facilities can be
used. For this a batch text file (with a *.txt extension) should be created that contains
the name of one valid Excel spreadsheet per line that defines the models. If the
spreadsheet exists and contains valid data then the model will be built and solved in the
same directory as the Excel spreadsheet. The number of Excel spreadsheets is
unlimited.

The batch text filename should be entered into the dialog or located using the
Browse... button and choosing Batch text file (*.txt) as the file type. No model
filename should be entered as this will be defined by the basename of the Excel
spreadsheet in the batch text file.

Common Input for Single or Multiple Structures

The element size to use in the Finite Element mesh should be specified in this box.
According to the UIC774-3 Code of Practice, the maximum element size that is
permitted in an analysis is 2.0m (Clause 1.7.3). The dialog therefore generally allows
element sizes of 0 < Element Size < 2.0m for the building of the models. Larger
element sizes can be used (up to the length of the smallest bridge deck span) but a
warning will be issued about non-compliance with the UIC774-3 Code of Practice.
Note that for large bridges and/or embankments the use of small element sizes can
generate excessively large models which take significant time to manipulate / solve.
Use of element sizes below 1.0m should be used with caution.

By default, only the temperature loading is applied to the decks of the structure which
allows multiple train load configurations to be applied to the same structure. If,
however, the combined deck temperature and rail loading is to be solved in a single
analysis then the Apply temperature and rail loads in same analysis option should be
selected.

If the option to wait for the solution is selected then all of the analyses will be run from
Modeller and nothing can be carried out in the current Modeller window until the
solution has finished. For relatively small structures or analyses with a limited set of
parametric trainset loading locations this is may be fine. If a large number of
parametric trainset loading locations are included in an analysis and/or a large number
of models are being built using the batch processing then waiting for the solution can
take a considerable amount of time.

On clicking the OK button the model(s) will be built and solved automatically by the
software. A log file called UIC774-3_BuildModel.log will be created in the current
working directory if batch processing is used to report any errors encountered during
the batch process.
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UIC774-3 Rail Loads

Original madel filename I Elames |
R ail load model filename I
Rail load Microsoft Excel |
spreadsheet or batch text file I Browmse...
I it for solution
oK | Cancel | Help |

If only the temperature effects have been applied to the model using the UIC774-3
Model Builder dialog then single or multiple rail configurations can be applied using
this dialog.

Note: Attempting to use this dialog on a model that has not been created using the
model builder dialog or that has loading other than temperature loads will generate an
error message.

Applying train loads to the current model

If the current model loaded was generated from the Build Model... dialog with the
Apply temperature and rail loads in same analysis option turned off then this option can
be selected. If this option is not selected then the Original model filename entry is
available for manual selection of the original model containing only temperature loads.

Analysing a Single Structure with One Rail Load
Configuration

If a single rail load configuration is to be analysed for a single structure either enter the
filename of the existing LUSAS temperature model created using the model builder or
select it using the Browse... button. Enter the filename for the new model (omitting
any path description as the model will be saved in the current working directory). This
filename can be the same as the original model but it is recommended that an
alternative filename is used so the original model remains unchanged. Finally enter the
filename for the Excel spreadsheet that contains the rail load configuration description
or select it using the Browse... button.

Analysing a Single Structure or Multiple Structures
with Multiple Rail Load Configurations

If multiple models and / or multiple rail load configurations are to be analysed then
only the batch text file should be entered or selected using the Browse... button and
choosing Batch text file (*.txt) as the file type. The batch text file should be TAB
delimited and contain the filename of the original model file, the filename of the new
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model to be created and the filename of the Excel spreadsheet containing the rail
loading, e.g.

Viaduct 1.mdl Viaduct 1_RailConfigl.mdl Viaduct 1_RailConfigl.xls
Viaduct 1.mdl Viaduct 1_RailConfig2.mdl Viaduct 1_RailConfig2.xls
Viaduct 1.mdl Viaduct 1_RailConfig3.mdl Viaduct 1_RailConfig3.xls
Viaduct 2.mdl Viaduct 2_RailConfigl.mdl Viaduct 2_RailConfigl.xls
Viaduct 2.mdl Viaduct 2_RailConfig2.mdl Viaduct 2_RailConfig2.xls

In the above example, two different viaduct temperature models have been selected and
three rail load configurations chosen for the first and two for the second models. The
number of entries in the batch text file is unlimited.

Common Input for Single or Multiple Structures / Rail
Loads

If the option to wait for the solution is selected then all of the analyses will be run from
Modeller and nothing can be carried out in the current Modeller window until the
solution has finished. For relatively small structures or analyses with a limited set of
parametric trainset loading locations this is may be fine. If a large number of
parametric trainset loading locations are included in an analysis and/or a large number
of models are being built using the batch processing then waiting for the solution can
take a considerable amount of time.

On clicking the OK button the combined temperature and rail load model(s) will be
built from the original temperature model(s) and solved automatically by the software.
A log file called UIC774-3_RailLoads.log will be created in the current working
directory and will report any errors encountered during the batch process.

UIC774-3 Post-Processor

Filename I
‘Warking folder & Curent  User defined
Savein I [ L Sk ST A5 Rrajerts |

1] | Cancel | Help |

The models created by the UIC774-3 model building software can be post-processed in
Microsoft Excel with the post-processing dialog. This allows the extraction of the
results along with automatic generation of graphs and enveloping in Microsoft Excel.
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In addition, if enveloping is performed in Microsoft Excel then additional summary
tables are generated for key quantities that need to be checked for compliance with
UIC774-3 under clause 1.7.2 of the Code of Practice.

On startup of the dialog, if valid UIC774-3 model groups are found, namely "Track 1",
"Track 2" and "Decks" then the results can be extracted using these groups or for
individual selected rail nodes. If, however, these groups are not found then the current
selection will be used if it contains lines with thick 3D engineering beams assigned. If
no valid groups or selection are found then the post-processor will report an error.

To use the post-processor, enter the filename for the Excel file that will be created. The
directory in which to place the Microsoft Excel file can be selected but is, by default,
the current working directory.

On clicking OK the post-processor will extract the results from all of the results
loadcases. If envelopes or basic combinations are defined in the model then the option
to process envelopes and generate the additional summary tables will not be available
and all envelopes (without association) and basic combinations defined in the model
file will be extracted. If the groups are being processed and no envelopes or basic
combinations are defined in the model then the option to process the envelopes in
Microsoft Excel will become available. If multiple results files are loaded, for example
if multiple rail load configurations have been analysed and the results loaded into
Modeller, then the results for all of these results files will be extracted into the
Microsoft Excel spreadsheet.

On opening the spreadsheet, if the model originally contained the UIC774-3 groups
("Track 1", "Track 2" and "Decks") then the results for each item will be placed into a
separate worksheet within the spreadsheet. If the selection was used for post-processing
a single worksheet will be placed into the Microsoft Excel spreadsheet. Additional
worksheets will also be generated if enveloping is carried out in Microsoft Excel. If
individual rail nodes were selected and post-processed the spreadsheet will contain a
separate worksheet for each node that lists the rail stresses seen at the location of the
node for all results processed.
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RC Slab Designer

Overview

The RC Slab Designer is accessed using the Bridge> RC Slab Design menu item. It
enables plotting of contours and values that indicate flexural reinforcement
requirements at Ultimate Limit State (ULS) or design crack width at Serviceability
Limit State (SLS) for those design codes that support this. The calculations carried out

are for reinforced concrete slabs (without prestressing) that are modelled using plate or
shell elements.

Codes of Practice supported

The Codes of Practice available using the Country and Design code drop-lists are:

O AASHTO LRFD 5th edition (2010) and AASHTO LRFD 6th edition (2012)
— listed under United States of America.

O AS5100.5-2004 and AS3600-2009 - both listed under Australia

Q British Standards: BS5400-4 (bridges), BS8007 (Structures retaining aqueous
liquids) and BS8110 (buildings) — all listed under United Kingdom.

O CAN/CSA S6-06 — listed under Canada.

O Eurocode EN1992-1-1 (buildings): implemented for Austria, Belgium,
Bulgaria, Cyprus, Czech, Denmark, Finland, France, Germany, Greenland,
Ireland, Italy, Netherlands, Poland, Romania, Singapore, Slovakia, Spain and
United Kingdom. Default settings are listed under Europe (Eurocode Default
Values).

O Eurocode EN1992-2 (bridges): implemented for Bulgaria, Cyprus, Denmark,
Finland, Ireland, Italy, Spain, Sweden and United Kingdom. Default settings are
listed under Europe (Eurocode Default Values).

O IRC: 112:2011 and IRS:CBC-1997 - listed under India.

O SS CP65-1999 — listed under Singapore.

Using the RC Slab Designer

Prior to obtaining results from the RC Slab Designer, a slab model comprising plate or
shell elements must be created, loaded and solved. Loadcases considered and load
combinations created should include those appropriate to ULS and/or SLS depending
on the calculations to be carried out.
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If the elements in a model are orientated such that their local axes vary from one
another, or if an alternative coordinate system is required, the results may need to be
transformed to a consistent direction. This can be done by using the Results
transformation button on the Contours and Values properties dialogs. See Results
Transformation for details. The most recently set results transformation is used by the
RC Slab Designer when calculating and displaying results.

Running the RC Slab Designer (using the Bridge> RC Slab Design menu item)
provides access to up to three pages:

1. The main options page, including selection of Design Code and calculation
type

2.Reinforcement Details page

3.Crack Width Settings page (only required for SLS calculations)

When the RC Slab Designer is in use and when the Finish button is pressed on either
the Reinforcement Details page (for ULS Calculations) or on the Crack Width
Calculation settings page (for SLS calculations) an RC Slab Design Control dialog
appropriate to the settings made will be displayed. These dialogs provide buttons to
plot chosen results contours for the previously stated Code of Practice. The contours
displayed are based on the active loadcase (or combination), using the most recently set
results transformation, and are re-computed if a different loadcase is set active. A
button is also provided to re-access the Slab designer and change settings based upon
results previously viewed. The results components set by the RC Slab Design Control
dialogs are explained in detail below.

RC slab Design Control RC slab Design Control

—LLS calculations

—5LS calculations

Component lm
Bar sizes |

Steel areax |
Tension contral |
Utilization |

RC Slab Dresign
Close |
Help |

RC Slab Design Control dialog for ULS

design

Slab face Im
Controlled in x |
Controlled iny |

Max crack. |
PazsdFai |

RC Slab Design
Close |
Help |

RC Slab Design Control dialog for SLS

design
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RC Slab Designer

See RC Slab Designer : Viewing Results for more details.
Notes

e All RC Slab Designer calculations are based on a moment field (Mx, My,
Mxy), and in-plane effects from shell elements are neglected. This may be
unconservative and users should ensure that in-plane effects are not significant
if using the RC Slab Designer with shell element results. If the RC Slab
Designer is deemed appropriate for use, it is helpful to ensure that all shell
elements in the slab are orientated with the surface normals aligned, pointing
upwards (towards the top of the slab).

e See Background to Calculations Carried out by the Slab Designer for
additional information.

General Design Code Settings and Parameters

On the main Design Code Settings page of the Slab Designer the design code, the slab
depth, the design calculation method and the design parameters are defined.

RC slab Designer: Design Code Settings [ x|
—Design Code
Country Europe [Eurocode Default ' alues)
Design code EM 1992-1-1:2004 j
i Slab Depth
@ From model geometry " Constant depth |25EI.EIEI mm
i Design Calculations
£ 1ULS reinforcement design & 515 crack checking
—Design P.
Charactenistic pield of reinforcement [fyk] |5EIEI 1) MPa
tatenal factor for steel [ys] |1 15
Elastic modulus of reinforcing steel (Es] IZDD o GPa
Charactenistic compressive cylinder strength [fck] IEEI 1] MPa
M aterial factor for concrete [ye) |1 50
Coefficient for long term and unfavorable effects [Acc) |1 ao
< Bach Mext » | Firrshy | Cancel Help

Design code

O Country The list contains countries for which design codes are supported.
Europe is included in the list, offering calculations to EN1992 with defaults
based on Recommended values from the main Eurocode documents. This
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option, with or without modification of values, may be of particular use for
countries where a National Annex is not yet published or not yet supported.

U Design Code A list of Codes of Practice appropriate to the country previously

selected. Calculations will be carried out in accordance with the selected Code
of Practice.

Slab depth

This sets the slab depth which will be used for all calculations. Two options are
provided:

O From model geometry The thickness specified in the geometric attribute
assigned to each surface in the model is used in the slab depth calculations
carried out. This is the default option.

U Constant depth By specifying a constant slab thickness the likely implications
of changing the slab depth can be considered in advance of adjusting the
geometric properties in the model and re-solving for those revised properties. It
is recommended that final calculations use the From model geometry option,
with the model re-analysed with updated slab thicknesses where appropriate
since slab depth has implications in terms of stiffness and, in most cases, self
weight.

For both options the slab designer checks that the slab depth is compatible with other
inputs of cover, bar size etc.

Design calculations.

ULS reinforcement design or SLS crack checking may be selected, although for some
Codes of Practice the latter is not available. The two options are mutually exclusive

since, different load factors would typically be applicable depending on the calculation
being undertaken.

O ULS reinforcement design This option provides checks on flexural resistance
based on proposed reinforcement arrangements. The calculations are based on
Wood-Armer moments and resistances determined ignoring reinforcement in

the compression zone. Each of the four layers of reinforcement may be checked
in turn.

U SLS crack checking This option provides calculation of design crack widths in
top and bottom faces for proposed reinforcement arrangements. The calculation
is based on principal moments and makes allowance for the non-alignment of
principal moments and reinforcement. Crack widths can be viewed according to
the reinforcement direction controlling the crack, such that each of the four
layers of reinforcement can be checked in turn.

Design Code Parameters.
Design Code specific parameters are explained separately for:

O AASHTO LRFD

272



RC Slab Designer

AS5100 and AS3600
British Standards (various)
CAN/CSA S6-06

EN1992

IRC:112-2011
IRS:CBC-1997

SS CP65

(I Iy I Iy Ay Ny Ny

Reinforcement Details

The Reinforcement Details page of the RC Slab Designer is essentially the same for all
Codes of Practice and requires top and bottom reinforcement layout, size, spacing,
cover and skew angle of bars in y from x to be defined.

RC 5lab Design: Reinforcement Details [ x|

i Slab detailz —Reinforcement layout

i Top reinforcement

Bar size Spacing [rmm) _,"’ J "g‘ Top layer 1
Barzinx ILa_ueH j IEDmm j |150.U [:. A ‘1]
A
Barsiny ILayel 2 IQDmm j |1 a00 ‘ ‘l‘ I Ps
| ‘¢ |
i~ Bottom reinforcement [ T?p layer 2
Bar size Spacing [mm)

Barsin x ILayeM j IEUmm j |15EI.EI

Barziny ILayel 2 IEUmm j |1 50.0
—Cower A Bottom layer 2
Top IED 1] mm  Baottom IED 0 mm ! // ! 9
Skew angle of bars in y fram % 50.0 deg l:w ) ‘,‘
Bars -, ~~"Bottom layer 1
in K ey
Defaults < Back | Mext > I el | Cancel | Help |

O Bar sizes The sizes and designations that are shown are appropriate to the
region for the selected Code of Practice. These are documented separately for
each supported design code.

O Bar spacing Bar spacing is measured centre-to-centre, perpendicular to the bar
direction.

O Cover Cover is measured from outermost part of the bars laid in the outermost
layer of reinforcement to the nearest concrete face. It is intended that the value
entered here is the actual cover, which may include allowance for fixing
tolerance. A different nominal cover can be entered on the crack width
calculation page of the wizard (page 3) where necessary.

273



Application Manual (Bridge, Civil & Structural)

O Skew angle of bars in y from x Used to arrange bars in a non-orthogonal
arrangement where the skew angle can lie between 0 and 180 degrees (90
degrees in perpendicular). The angle entered defines the orientation of the y
reinforcement with respect to the x-direction, measured in an anti-clockwise
direction. The angle specified is used to determine Wood Armer results in the
x- and skew-directions (for comparison to flexural resistance in the two
corresponding directions) and in the determination of crack widths when
chosen.

Design Code specific parameters are explained separately for:

0 AASHTO LRFD
O AS5100 and AS3600
4 British Standards (various)
U CAN/CSA S6-06
O EN1992
O IRC:112-2011
O IRS:CBC-1997
U SS CP65
Please refer to the relevant link/page for more details.

Crack Width Calculation Settings

The crack width calculation page of the RC Slab Designer will appear only if the SLS
crack checking option was selected on the main Design Code Settings page.
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RC Slab Design: Crack Width Settings B
— Caloulation properties — Elastic: moduli
Top [mm] Eattam (mm) % Use code defined val S ——
Cover used for crack se coda defined values
width caleulation 50.0 50.0 Creep coefficient (PH |22—
Allowable crack width [mm] 03 A e lm

i~ Tension stiffening " User defined valuss

€ Include  lanore & Interpolate Shiortterm modulus of conerete GRE

i Effective elastic modulug for concrete ————————————— LotigfermmodAlEoheareEi e

' Quasi-permanent

" Interpolated, based on proportion Rk G

|35.U
1.0
“anable effects : Totalleffests (7] IW (CmTitmnt f to e et (4 04
0.3
05

Eermanent effects: Total effects (5] IJDD— Coeflicient for bond propeities (K1)

Coeflicient far strain distribution [R.2]

™ Interpolated, based on calculated propartion

o Coeflicient for cover influence [K.3]
Femanent effects fiom) lzadzase. an combination

| =] =) [34 {B) [0.0 =) [0.0
The wvariable moments are taken from the curently Cocfficient for bar diameter 4] 0.425

active Inadcase. Crack widths are based on the
sumnmed mamentz from the designated [permanent)
and active [vanable) loadcases

Defaults < Back | | [0 | Finish | Cancel I Help |

Design Code specific parameters are explained separately for:

AASHTO LRFD

AS5100 and AS3600
British Standards (various)
CAN/CSA S6-06

EN1992

IRC:112-2011
IRS:CBC-1997

O SSCP65

Note that not all design codes supported by the RC Slab Designer provide methodology
for explicit crack width calculation.

Coooo0Oo

Design Code Settings and Parameters for Australia
(AS3600 / AS5100)

Selecting Australia and one of the design code options on the main Design Code
Settings page of the RC Slab Designer will make it perform calculations, and offer
defaults, based on the appropriate Australia publication below:

O AS 3600-2009 Australian Standard - Concrete Structures

O AS5100.5-2004 Australian Standard - Bridge Design - Part 5

Note that regardless of model units, the Slab Designer uses units in keeping with the
design code, i.e. N/mmgz, millimetres etc., as displayed on the dialog.

275



Application Manual (Bridge, Civil & Structural)

RC Slab Design: Design Code Settings

—Design code
County T |
Design code IAS 3E00-2009 j
—5lab depth
* From model geometry " Constant depth IZSD.U mim
i Design calculations
& 1JL5 reinforcement design {°) 515 crack checking
—Design p
Characteristic compressive cylinder strength of concrete at 28daps [f'e) (500 M /rar
Characteristic yield strength of reinforcement [fsy) 500.0 M /rar
@ Class N reinforcement © Class L reinfarcement
Defaults | < Biack Mext » | Fish I Cancel Help

General Settings
See RC Slab Designer : General Design Code Settings and Parameters for details.

Design Calculations.

ULS reinforcement design is catered for but SLS crack checking is not available. This

is because AS3600 and AS5100.5 code requirements do not include a crack width
calculation.

Design Parameters
For AS 3600-2009 and AS 5100.5-2004 the following parameters are required:

O Characteristic compressive cylinder strength of concrete, f'c When ULS
reinforcement design is selected, f'; is used in the calculation of the lever arm, z,
and in determining if the section is tension-controlled. When SLS crack
checking is selected, the elastic modulus for concrete is determined using this
value in the absence of specific user input for that parameter. Typical values lie
in the range 20 to 100N/mma2. The default is 50N/mm?

U Characteristic yield strength of reinforcement, fsy When ULS reinforcement
design is selected fyy is used in the calculation of the area of reinforcing steel
required (and bar diameters) and in determining if the section is tension-

controlled. Typical values would be f,=250, 460 or 500N/mm? and the default is
500N/mm2.
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Reinforcement Details

See RC Slab Designer : Reinforcement Details for general information.

O Bar sizes Nominal diameters (and cross-sectional areas) correspond to those
readily available in Australia

O Spacing [s] Typical values lie in the range 40mm to 300mm. The default is
150mm.

O Cover [cyy] This is the cover used to calculate effective depths, as distinct from
nominal cover (Cyom), Used in the calculation of crack widths (see below). For
various reasons, including durability considerations or fixing tolerances, the
specified ¢, may be greater than c,,m. Typical values for ¢, would, however,
lie in the range 25 to 65mm. The default is 50mm.

ULS Reinforcement Design to AS3600 and AS5100.5

See Background to Calculations Carried out by the Slab Designer for general
information.

Area of steel required
The formulae used are summarised below:

AS 3600 AS5100.5
M M
‘qs,raq = 4 Asmaq = :
Bf yaz Of a2
ke, d k. d
T = d _ 1" 1 z = d _ 1|' L]
2 2
L d= f_}'d‘qs;prov kdd — f}'d‘qi‘ﬂ?"ﬂb‘
. o, fl by 0.85f, by

Where a, = 1.0 —0.003f,  Where y = [0.85 — 0.007(f/ — 28)]
and y= 1.05- 0.007f]

The nomenclature used above is as in the relevant codes excepting that:

A eq = Area of tension reinforcement required

Tension control ratio
The slab is ductile when the appropriate inequality below is met:
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AS 3600 AS5100.5
k, < 036 k, < 0.40

Viewing ULS results

See RC Slab Designer : Viewing Results for details of plotting ULS reinforcement
design contours.

Design Code Settings and Parameters for United
Kingdom (Eurocode / British Standards)

Selecting United Kingdom and one of Eurocode or British Standard design code
options on the main Design Code Settings page of the RC Slab Designer will make it
perform calculations, and offer defaults, based on the appropriate BS publication
below:

U BS EN1992-1-1:2004/NA:2005, Design of Concrete Structures - general rules
and rules for buildings

U BS EN1992-2:2005/NA:2007, Design of Concrete Structures - concrete bridges
- Design and detailing rules

U BS8110-1:1997 & BS8110-2:1985 Code of practice for design and
construction, and for special circumstances

U BS 8007:1987, Code of practice for design of concrete structures for retaining
aqueous liquids

U BS 5400-4: 1990, Steel, concrete and composite bridges — Part 4: Code of
practice for design of concrete bridges

Note that regardless of model units, the Slab Designer uses units in keeping with the
design code, i.e. N/mmz, millimetres etc., as shown on the dialog.
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RC Slab Design: Design Code Settings
— Design code
Country
Design code BS 8170-1:1997 & BS 8110-2:1985 j
—5lab depth
€ From model geametry " Constant depth |25D.D i
— Design calculations
€% LS reinforcement design = 5LS crack checking
i Design p
Characteristic concrete cube strength [fou) 400 /e
Characteristic stiength of reinforcement [fy] 4600 M mm?
Defaults < Back Mext » | Firrigk I Cancel Help

General Settings
See RC Slab Designer : General Design Code Settings and Parameters for details.

Design Parameters

For BS EN1992-1-1:2004/NA:2005 and BS EN1992-2:2005/NA:2007 see RC Slab
Designer : Design Code Settings and Parameters for Eurocode

For BS8110-1:1997 & BS8110-2:1985, BS8007:1987, and BS5400-4: 1990 the
following parameters are required:

O Characteristic concrete cube strength, fcu When ULS reinforcement design is
selected, f, is used in the calculation of the lever arm, z, and in determining if
the section is tension-controlled. When SLS crack checking is selected, the
elastic modulus for concrete is determined using this value in the absence of
specific user input for that parameter. Typical values lie in the range 20 to
60N/mm2, The default is 40N/mm?2

O Characteristic strength of reinforcement, fy When ULS reinforcement design
is selected f, is used in the calculation of the area of reinforcing steel required
(and bar diameters) and in determining if the section is tension-controlled. It is
not used for SLS crack checking calculations. Typical values would be f,=250,
460 or 485N/mm? (see BS8110-1 Table 3.1 and BS5400-4 Table 6) and the
default is 460N/mm?2,

Reinforcement Details

See RC Slab Designer : Reinforcement Details for general information.
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U Bar sizes Nominal diameters (and cross-sectional areas) correspond to those in
BS4449 Table 7.

O Spacing [s] Typical values lie in the range 25mm to 300mm (BS8110-1 clause
3.12.11 and BS5400-4 clause 5.8.8, with a typical aggregate size of 20mm).
The default is 150mm.

O Cover [c.y] This is the cover used to calculate effective depths, as distinct from
nominal cover (Cnom), Used in the calculation of crack widths (see below). For
various reasons, including durability considerations or fixing tolerances, the
specified cact may be greater than c,om. Typical values for ¢, would, however,
lie in the range 20 to 75mm (BS8110-1 clause 3.3, BS5400-4 Table 13 and
BD57/01 clause 3.1). The default is 50mm.

ULS Reinforcement Design to British Standards

See Background to Calculations Carried out by the Slab Designer for general
information.

British Standard-specific assumptions for nominal resistance calculations are:

The formulae are according to BS8110-1 clause 3.4.4.4 (as referenced from clause
3.5.1 regarding slabs). BS8007 clauses 2.2.1 and 3.2.1 indicate that ULS moment
checks are determined according to BS8110-1 and BS8007 does not amend the method
of BS8110-1 in this regard. For bridges, BS5400-4 clause 5.3.2.3 (as referenced from
clause 5.4.2 regarding slabs) is used.

Area of steel required
The formulae used are summarised below.

BS8110 BS5400-4

A = M A _ Mu

" 095f,z =3 " 0.87f,z

1154, .
K = [q - yleprov
z=dJ05+ |0.25——"b%0.95d Z—(l bd )d}'l%d

\ 0.9 feu
. M

T bd2f,

The nomenclature used above is as in the relevant codes excepting that:
A req = Area of tension reinforcement required

A prov = Area of tension reinforcement provided
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Tension control ratio

The slab is ductile when the appropriate inequality below is met:

BS8110 BS5400-4
K_ K | My
K' 0156 bd e
— =1
0.15

Viewing ULS results

See RC Slab Designer : Viewing Results for details of plotting ULS reinforcement

design contours.

Crack Width parameters

The Crack Width Settings page of the RC Slab Designer will appear only if the SLS
crack checking option was selected on the main Design Code Settings page.

Settings for the British Standards options (non-Eurocodes) are described here:

RC slab Designer: Crack Width Settings [ x|

i Calculation properties
Top (mm) Blottorn (mm]
Nominal cover |4D 1] 40.0
Allowable erack width [mm) 0.300
i Tenzion stiffening
 Include " |grore * |ntepolate
r—Elastic maduli

& Use code defined values
User defined values
Shiarttern modulus conerete KN inme 280

LLang term medilve of conemete kY mme 14.0

i~ Effective elastic modulus for concrete

@ Half the instartaneous value

" Interpolated, based on propartion

Shart: term moments:Tatal moments (=] |B0.0
LCana term) mements: Total moments: (7] (200

A Interpolated, based on caloulated propartion

Lorg term moments ffom loadzase) o combitatian
| |

The short term maments are taken from the cumently
active loadease. Crack widths are based on the
surmed moments from the designated [lang term]
and active [short teim] lbadcases

I mdulue of steel R Vinme 2000
< Back [dext> Finizh Cancel | Help I

Calculation properties

O Nominal Cover [cyom] This value affects the design crack width calculation by
changing the location at which the design crack width is assessed. In essence,
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the crack width is calculated at a plane lying a distance, Cnom, from the layer of
bars controlling the crack. When using BS8110-2, it may be assumed that Com
is equal to the actual cover, cact, making the crack width plane described
coincident with the tension face of the concrete. When using BS5400-4 in
conjunction with BD57/01 clause 3.1, however, Caet = Cpom + 10mm, and
therefore the crack width plane is internal to the concrete, also see BA57/01
clause 5.2. The value entered here should therefore be the nominal cover, Cnom
to be used in crack width calculations — whether this is identical to, or less than,
Caet- TYypical values lie in the range 20 to 70mm and should be determined from
BS8110-1 clause 3.3, Tables 3.3 and 3.4, BS8007 clause 2.7.6 or BS5400-4
Table 13 and clause 5.8.2 as appropriate. The default is 40mm.

U Allowable crack width (mm) When using BS8007, this value will determine
which expression from BS8007 Appendix B is used for the calculation of
design crack width. It will also be used to scale the crack width contours. When
using either BS8110 or BS5400, the value entered is only used to the scale the
crack width contours. Additionally, BS8007 clause 2.2.3.3(a) requires the
allowable crack width to be set as either 0.1 or 0.2mm. BS8110-1 clause
3.12.11.2 indicates a limitation of 0.3mm, while BS5400-4 Table 1 relates
design crack width requirements to exposure conditions, with values from
0.1mm to 0.25mm. The default value is taken as 0.2mm.

Tension stiffening

BS8110-2 cl 3.8.3, eqn 13, BS8007 Appendix B clause B.4 and BS5400-4 cl 5.8.8.2
eqgn 25 include a reduction in the calculated crack width due to the stiffening effect of
tension carried by concrete which remains bonded to the reinforcement in the tensile
zone at small strains. Where reinforcement does not lie perpendicular to cracks,
whether the “tension stiffening” reduction should be included is a matter of debate (see
SLS Crack Checking in Background to Slab Designer Calculations). The Slab
Designer offers three options for crack check calculations:

O Include Considers tension stiffening for all angles
U Ignore Tension stiffening is completely ignored for conservative design.

O Interpolate (Default option) Scales linearly from 0% tension stiffening at
0=25°, to 100% at o=0°.

Elastic Moduli

The elastic moduli for concrete and reinforcing steel are used in calculation of flexural
strains in the slab, leading to the calculation of a design crack width.

U Use code defined values When this option is invoked, the moduli used in
calculations (as required), will be as stated in the table below.

O User defined values When this option is invoked, users may enter values for
elastic moduli instead of using those determined automatically. The default
values are based on the values and expressions in the codes of practice
described previously.
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Short term Long term
Design modulus for modulus for Elastic modulus
code concrete concrete for steel
BS8110  Egghor = 0.2%f;, + 20 Eciong = Ecshortr2 200kN/mm?

BS8110-2 eqgn 17, BS5400-4 clause BS8110-1 clause
clause 7.2 4321 2.5.4
(see note 1)

BS8007 As for BS8110
BS8007 clause 2.2.1
BS5400-4 E;or = 0.27xfy, + 20 Ecjong = Ecshort2 200kN/mm?2

BD44/95 BS5400-4 BS5400-4
(see note 2)

Notes

1.The reference to BS5400-4 is for an approximation taking into account the
effect of creep under long term loading, since reference to BS8110-2 clause
3.6(2)(3) requires determination of a creep coefficient. This approximation is
broadly validated with reference to CIRIA Report 110.

2. This equation (rounded to 2 significant figures) closely approximates BS5400-
4 Table 3 although the value for fcu=25N/mm?2 is calculated as Ec=27kN/mm?
instead of 26kN/mm2 as given in Table 3. Use of the equation is felt preferable
as it is more flexible for values of fcu other than those given in Table 3.

Calculate Effective Elastic Modulus for Concrete

In the calculation of crack widths, strains are assessed using an effective elastic

modulus for concrete. This effective modulus may be calculated in a number of ways to
suit the user and code of practice as follows:

O Half the instantaneous value The effective elastic modulus for concrete is
taken as half the instantaneous value, as per BS8110-2 clause 3.8.3. This

assumption is also conservative in consideration of BS5400-4 clause 4.3.2.1.
This is the default option.

Q Interpolated, based on proportion The effective elastic modulus for concrete
is calculated using a ratio, R, of moments due to live loading (M) to total
moments, (Mg+M,). R is entered by the user as a percentage and the following

expression (based on strain compatibility) is used to determine the effective
modulus:
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E X E

c.short clong

Evr.',ll:urng + Er_',sbm't(l - R]

Ec,eFF =

Assuming a suitable single value for R can be determined by the user, this
option suits the approach of BS5400-4 clause 4.3.2.1(b) when Ecjong = Ec short/2,
i.e. when “use code defined values” is selected.

O Interpolated, based on calculated proportion The effective elastic modulus
for concrete is calculated using the ratio, R, as described above. In this case,
however, R is evaluated at each node. The moments due to permanent loads,
My, are taken from the loadcase selected in the droplist. The moments due to
live loads, Mg, are taken from the active loadcase. The ratio at each node is:

My

R =
M_+ M,

Consistent with the above expression, total moments used for the calculation of
crack width are based on My + M. This option suits the approach of BS5400-4
clause 4.3.2.1(b) when Eg jong = Ecshort/2 i.6. When “use code defined values” is
selected. The need for a suitable single value for R to be determined by the user
is avoided.

SLS crack width calculation to British Standards

See Background to Calculations Carried out by the Slab Designer for general
information.

Crack width calculations for the British Standards are carried out by reference to
BS8110-2 clause 3.8.3 and BS5400-4 clause 5.8.8.2(a) and may be summarised (with
differences shown) as follows:

BS8110 BS5400-1
M
EE=————=
£, (d-3)
IACET)
T -2

Reduction due to strain stiffening

_ b(h—x)(a"—x) = [M [(1 _ﬂ) 10-9]
€2~ 3Es‘qs (d - ‘Xj = EE!AB (h - dcj Mg
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Strain at cracking level

Em T &1 T &

Distance to controlling bar

a’crz.‘Jl(h_ d)* + [:..Sffz)z - Elf(z

Crack widths
SG:C:.Em 3!:1,"Em
W=1+2(um) w:1+2{gcr;cmm.
h—x h—d,

The spacing and bar diameter of the bars identified as “controlling” the crack are used
to determine the distance from the crack to the nearest bar, a;.

From BS8007 clauses B.2 to B.4, flexural cracks are calculated as for BS8110-2,
except that g, is given as:

bt':h—x}{rz"—x}
3Ez4; (d—x)  for crack width limit of 0.2mm
_ 1Eh(h—x)(a —x)
- 3E4;(d—x)  for crack width limit of 0.1mm

Viewing SLS results

See RC Slab Designer : Viewing Results for details of plotting SLS reinforcement
design contours.

Design Code Settings and Parameters for CAN/CSA S6-
06

Selecting Canada on the main Design Code Settings page of the RC Slab Designer
performs calculations, and offers defaults, based on the following publications:

O CAN/CSA-S6-06 Canadian Highway Bridge Design Code. Canadian Standards
Association, Ontario, Nov 2006

O S6.1-06 Commentary on CAN/CSA-S6-06, Canadian Highway Bridge Design
Code. Canadian Standards Association, Ontario, Nov 2006
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Regardless of model units, the Slab Designer uses units in keeping with the design

code, i.e. MPa, millimetres etc.

RC slab Design: Design Code Settings [ x|
i Design code
Country
Design code | CaN/C54-5606 =l
[~ Slab depth
' From model geometry €~ Constant depth 250.0 mim

— Diesign calculations

& ULS reinforcement design

©~ SLS crack checking

— Design p.

Specified vield strength of reinforcing bars [fy)
Riesistance factor for reinforcing bars [@s)
todulus of elasticity of reinforcing bars [Es)
Specified compressive strength of concrete (fc']

Resistance factor for concrete [ac)

WPa

GPa
WPa

[mo
—
B0
o
—

< Banh

Defaults |

Mext » | Eititgh I

Cancel | Help

General Settings

See RC Slab Designer : General Design Code Settings and Parameters for details.

Design Parameters

U Specified compressive strength of concrete (fc’): When ULS reinforcement
design is selected, f.- is used in the calculation of the lever arm, and in
determining if the section is tension-controlled. When SLS crack checking is
selected, the elastic modulus for concrete is determined using this value in the
absence of specific user input. Values acceptable in clause 8.4.1.2 lie in the
range 30 to 85MPa. The default is f..=40MPa.

U Specified yield strength of reinforcement (fy): When ULS reinforcement
design is selected, f, is used in the calculation of the area of reinforcing steel
required (and bar diameters) and in determining if the section is tension-
controlled. It is not used for SLS crack checking calculations. VValues acceptable
in clause 8.4.2.1.3 lie in the range f,=300 to 500MPa. The default is

f,=400MPa.

U Modulus of elasticity of reinforcing bars (Es): When ULS reinforcement
design is selected, E; is used in determining if the section is tension-controlled.
When SLS crack checking is selected, the value is used in the calculation of the
depth in compression. From clause 8.4.3.3(b) the typical value, taken as the

default, is E;=205GPa
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O Resistance factor for concrete (¢c): When ULS reinforcement design is
selected, ¢ is used in determining the distance between the neutral axis and the
compressive face, hence affecting the lever arm calculated, and the
classification of the section with regard to tension-control. It is not used for SLS
crack checking calculations. From clause 8.4.6 & Table 8.1 the expected value,
taken as the default, is ¢, = 0.75.

O Resistance factor for reinforcing bars (¢s): When ULS reinforcement design
is selected, ¢ is used as the partial factor on material for the factored flexural
resistance as seen in the commentary C8.8.4.1. It is also used in determining the
distance between the neutral axis and the compressive face, hence affecting the
lever arm calculated, and the classification of the section with regard to tension-
control. It is not used for SLS crack checking calculations. From clause 8.4.6 &
Table 8.1 the expected value, taken as the default, is ¢ = 0.90.

Reinforcement Details
See RC Slab Designer : Reinforcement Details for general information.
Code-specific advice is as follows:

O Bar sizes Standard metric bar designations are used, representing the nominal
bar diameter in millimetres rounded to the nearest 5mm.

O Spacing [s] Typical values lie in the range 50mm to 300mm. The default is
150mm.

O Cover [cawa] This is the cover used to calculate effective depths, as distinct
from nominal cover (Cym), Used in the calculation of crack widths (see below).
For various reasons, including durability considerations or fixing tolerances, the
specified actual cover (C,) may be greater than the nominal cover. Typical
values for actual cover would, however, lie in the range 30 to 80mm (Table
8.5). The default is 50mm.
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Bar Designations

Bar Bar Size Nominal Diameter

Size (mm)
10M 11.3
15M 16
20M 19.5
25M 25.2
30M 29.9
35M 35.7
45M 43.7
55M 56.4

ULS Reinforcement Design to CAN/CSA S6-06

See Background to Calculations Carried out by the Slab Designer for general
information.

From clause 8.8.4.1, the factored flexural resistance is calculated in accordance with
clause 8.8.3, assuming the relationship between concrete strain and the concrete
compressive stress to be rectangular. The basic formula used can be derived directly
from moment equilibrium or found with reference to the commentary C8.8.4.1, by
eliminating irrelevant terms for prestress and flange width etc.

CAN/CSA-S6-06

Area of steel:

_ M,

YR
o.f, (4.~ 3)

— ‘ﬁs-f;'ﬁls.proz:
b. a1¢cfcf

A

2reg

@, = max(0.85 — 0.0015f.",0.67)

The nomenclature used above is as in the code excepting that:
M, = factored moment at the section

Asreq = Area of tension reinforcement required
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As prov = Area of tension reinforcement provided

For tension control the slab is ductile when the appropriate inequality below is met:

c _[1%f 1"
— | =Y 1]
ds N [Esgcua +

B, = max(0.97 — 0.0025f£.",0.67)

Where &3 is the maximum usable strain at the extreme concrete compression fibre,
taken as 0.0035 according to clause 8.8.3(c)

Viewing ULS results

See RC Slab Designer : Viewing Results for details of plotting ULS reinforcement
design contours.

Crack Width Settings for CAN/CSA S6-06

See Background to Calculations Carried out by the Slab Designer for general
information.

The Crack Width Settings page is only available if the SLS crack checking option is
selected on the Design Code Settings page. Settings for CAN/CSA-S6-06 are described
here:
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RC slab Design: Crack Width Settings [ x|
— Calculation properties — Elastic moduli
Top (mm) Eattan [rm) Soll e e S
Cover uzed for crack 812 EUL3 @ETED SRR
width calculation ISD.D ISD.D Creep coeffiient (Phi |22—
Alloweable crack width [mm] IEI.3 A i m
7~ Tension stiffening 7 User defined valuss
© Include © larare & Interpolate Short term modulls of concrete GRS |35.E|
7 Effective elastic modulus for concrete LotigemmeailiF ereereEteilae 1.0
& Quasipemanent
A Interpolated, based on proportion —————————— Gt el
Yariable effects : Total sffests (%] | EXI (Ot (i (s et () 04
Fermanent effects: Total effests (7] W Coefficient for bond prapertiss (K1) 0s
Coefficient for strain distribution [K2] 05
7 Interpolated, based lculated t
e e Coefficient for cover influence (K3]
Fermanent effects from [madease an combitstion
| | @ [54 B[00 [e) [0.0
The wariable moments are taken fram the curmently Coefficient for bar diameter (K4] 0.425
active loadcase. Crack widths are based on the
summed moments from the designated [permanent]
and active [variable] loadcases
Defaults | < Back [dests Finish | Cancel I Help |

Calculation properties

O Cover used for crack width calculation [cn,m] This value affects the design
crack width calculation by changing the location at which the design crack
width is assessed. In essence, the crack width is calculated at a plane lying a
distance, cnom, from the layer of bars controlling the crack. It is typically
assumed that c,on, is equal to the actual cover, c,, making the crack width plane
described coincident with the tension face of the concrete. However when the
actual cover is significantly greater than the cover required in Table 8.5, setting
Cnom t0 the lower value will calculate the crack width on a plane internal to the
concrete, resulting in a smaller calculated crack width, an approach that may be
deemed appropriate in certain circumstances. Values for cn,, would therefore
typically be by reference to Table 8.5 and the default is 50mm..

= Allowable crack width (mm) [wp]. This value is used only to scale the crack
width contours. A suitable value from clause 8.12.3.1, Table 8.6, would
generally be either 0.25 or 0.35mm. The default is Wp;,=0.25mm

Tension Stiffening

Tension Stiffening (fw/fs). The expression for the average strain in the reinforcement,
€sm includes a reduction due to the stiffening effect of tension carried by concrete.
Where reinforcement does not lie perpendicular to cracks, whether the “tension
stiffening” reduction should be included is a matter of debate (see SLS Crack Checking
in Background to Slab Designer Calculations). The Slab Designer offers crack check
calculations with the tension stiffening component included, ignored (conservative) or
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interpolated. The “interpolated” option scales linearly from 0% tension stiffening at
a=25°, to 100% at 0=0°, and this is the default option.

Q Include Considers tension stiffening for all angles
Q Ignore Tension stiffening is completely ignored for conservative design.

O Interpolate (Default option) Provides a linear scale from 0% tension stiffening
at 0=25°, to 100% at 0=0°.

Calculation of effective elastic modulus for concrete

In the calculation of crack widths, strains are assessed using an effective elastic
modulus for concrete. This effective modulus may be calculated in a number of ways to
suit the user and code of practice as follows:

O Quasi-permanent For this the effective elastic modulus for concrete is taken as
the long-term value (from user input or calculated as described below). This is
generally regarded as conservative in respect of the elastic and creep
deformations that might be expected as a result of the mix of permanent and
transient loads that are likely to affect the structure. Accordingly, this is the
default option.

O Interpolated, based on proportion For this the effective elastic modulus for
concrete is calculated using a ratio, R, of moments due to live loading (M) to
total moments, (Mg+M,). R is a single suitable value, determined by the user,
that is entered as a percentage. The following expression (based on strain
compatibility) is used to determine the effective modulus:

E X E

c.short clong

El:.l.ongR + Ec.sl:mrt (1 - R:]

EE.EFF =

O Interpolated, based on calculated proportion For this the effective elastic
modulus for concrete is calculated using the ratio, R, as described above. In this
case, however, R is evaluated at each node. The moments due to permanent
loads, My, are taken from the loadcase selected in the droplist. The moments
due to live loads, Mg, are taken from the active loadcase. The ratio at each node
is:

My

p=—23
M, +M,

Consistent with the above expression, total moments used for the calculation of
crack width are based on My + M. The need for a suitable single value for R to
be determined by the user is avoided.

Elastic Moduli

The elastic moduli for concrete and reinforcing steel are used in calculation of flexural
strains in the slab, leading to the calculation of a design crack width.
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U Use code defined values When this option is invoked, the moduli used in
calculations (as required), are as stated in the table below.

Short term modulus for concrete Long term modulus for concrete

E'r_‘.sk'n:n"t = £|-r_'.23 = (_3000\",?;—'— 6900) (Z;EJUEE'[D”E = E"—'(w"zsj = E"—'-gs[l + ¢(m’zad

Based on clause 8.4.1.7 Based on clause 8.4.1.6
The use of code defined values requires the entry of two further parameters:

U Creep coefficient ¢ (oo, 28) : This should be determined from clause 8.4.1.6.3.
The default is taken as ¢(o0, 28) =2.2..

U Mass density of concrete yc : From clause 8.2 and clause 3.6, Table 3.3. The
default is taken as y.=2450kg/m?.

O User defined values When this option is invoked, values for elastic moduli may
be entered instead of using those determined automatically. The default values
are based on the expressions described previously.

Canada crack width factors

U Coefficient for aggregate type (kag) In clause 8.4.1.8.1, the cracking strength
of concrete, fcr, is seen to be dependent upon a constant, here named K,g, and
the root of the specified compressive strength. Clause 8.4.1.8.1 takes a value of
kag in the range 0.3 to 0.4 according to the density of the concrete. The default is
taken as k,g=0.4, appropriate to normal-density concrete.

U Coefficient for bond properties (kb) In clause 8.12.3.2, k,, is taken as 1.2 for
components with epoxy-coated reinforcing steel and 1.0 for all other
components. The default is k, = 1.0.

O Coefficient for strain distribution (kc) In clause 8.12.3.2, k. is a coefficient
which takes account of the form of the strain distribution, with the values 0.5
for bending and 1.0 for pure tension. The commentary C8.12.3.2 refers to DD
ENV 1992-1-1, in which clause 4.4.2.4(3) gives guidance for cases of eccentric
tension. However since the scope of the slab designer is restricted to moment
fields, the appropriate value would in most cases be 0.5 and the default is
accordingly k.=0.5.

O Coefficient for the cause of cracking (fc) In clause 8.12.3.2, B is seen to be
determined by the cause of the cracking and the section depth. When cracking
is caused by load, B.=1.7. When cracking is caused by superimposed
deformations, B is taken as 1.7 where the section has a minimum dimension
greater than 800mm, and taken as 1.3 where the minimum dimesion is less than
or equal to 300mm. The default is B,=1.7.

O Ratio of max to mean crack width kc. In the commentary in clause 8.12.3.2,
“Maximum crack width, which is the quantity required for design, is obtained
by multiplying average crack width by the parameter k..”. It appears that the
coefficient, k., here is not the same as k. in clause 8.12.3.2 (described above),
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since that has a value of 0.5 for sections in bending, which would not be
appropriate for obtaining a maximum value from an average value. The ratio is
therefore here named .. No suggested value for k. is given in either the code or
the commentary but it is thought to generally lie in the range 1.0 < k. < 1.7.In
the absence of data, the default is taken as k.=1.0

SLS crack width calculation to CAN/CSA-S6-06

Crack width calculations for CAN/CSA-S6-06 are carried out by reference to clauses
8.12.3.2and 8.4.1.8.1 and 8.8.4.4:

CAN/CSA-S6-06

Effective area of concrete in tension:

1
A = b.min {z.5(h— a5 (h=2)
_A
P = Act

Crack spacing:

dy
Spm = 50 + 0.25k, —>

Pe

Cracking stress and cracking moment:

—
-f;:r = kcr\"l f:

B bh? for

M o
12 (do 4 dy + o — %)

Stresses in the tension reinforcement (cracked section):

M M

= f _ cr
W

f=————— - e
As,pmv(d: - x.‘rgj As,prov(d: — 2’;"3)
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Average strains in the reinforcement:

£ =
M E
5

£’
-(3) ]
Average crack widths:

w = kbﬁc‘grmgsm

Maximum crack width:

Viewing SLS results

See RC Slab Designer : Viewing Results for details of plotting SLS reinforcement
design contours.

Design Code Settings and Parameters for Europe
(Eurocodes)

Selecting Europe (Eurocode Default Values) and one of the EN design code options
on the main Design Code Settings page of the RC Slab Designer will make it perform
calculations, and offer defaults, based on either:

O EN1992-1-1:2004 Eurocode 2: Design of concrete structures - Part 1-1:
General rules and rules for buildings. English version published within BS
EN1992-1-1:2004, British Standards Institute, 23 December 2004

U EN1992-2:2005 Eurocode 2: Design of concrete structures - Part 2: Concrete
bridges — Design and detailing rules. English version published within BS
EN1992-2:2005, British Standards Institute, 2 December 2005

Selecting a supported Country and a corresponding Eurocode will set the Nationally
Determined Parameters (NDPs) for that country and code. See Eurocode supported
countries and their respective National Annexes for more details. The NDPs are read
from an external file and can be set manually extended with additional NDPs, which
will then be made available in the country selection on this page.

Note that regardless of model units, the Slab Designer uses units in keeping with the
design code, i.e. N/mmz, millimetres etc.
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RC slab Design: Design Code Settings [ %]
i Design code
Country
Design code EM 1392-1-1:2004 j
i Slab depth
€= From mode! geametry " Constant depth |25EI.EI i

—Design calculations

& 1JLS reinforcement design ™ 5L5 crack checking
—Design p

Characteristic vield strength of reinforcement [fk] IEDD.U MPa
Material factor far reinfarcing steel [ys] |1.15

Modulus of elasticity of reinforcing steel (Es) IEUU.U GPa
Characteristic cylinder strength of concrete (fok] IdU.D MPa
I aterial factor for concrete [yc) |1 5

Coefficient for long term and unfavorable effects [ccc) IU.BS

Defaults | < Bach MNext » | Firarshy I Cancel | Help

General Settings

See RC Slab Designer : General Design Code Settings and Parameters for details.

Design Parameters

O Characteristic yield of reinforcement (fyk) : When ULS reinforcement design
is selected, fyy is used in the calculation of the area of reinforcing steel required
(and bar diameters) and in determining if the section is tension-controlled. It is
not used for SLS crack checking calculations. Values acceptable in clause
3.2.2(3) lie in the range f,,=400 to 600MPa. The default is f,,=500MPa.

O Material factor for steel (ys) : When ULS reinforcement design is selected, s
is used in determining the design strength for concrete, hence affecting
calculation of the depth in compression, the lever arm, classification of the
section with regard to tension-control and the area of steel required directly. It
is not used for SLS crack checking calculations. From clause 2.4.2.4 & Table
2.1N v, is an NDP and therefore suitable defaults are taken from the appropriate
National Annex. Since different values apply for “accidental” design situations
as compared to “persistent and transient” design situations, the defaults are for
the latter. Broadly speaking y;=1.15 is adopted by most countries.

O Elastic modulus of reinforcing steel (Es) : When ULS reinforcement design is
selected, Es is used in determining if the section is tension-controlled. When
SLS crack checking is selected, the value is used in the calculation of the depth
in compression. From clause 3.2.7(4) the typical value, taken as the default, is
Es=200GPa
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U Characteristic compressive cylinder strength of concrete (fck) : When ULS
reinforcement design is selected, f is used in the calculation of the lever arm,
and in determining if the section is tension-controlled. When SLS crack
checking is selected, the elastic modulus for concrete is determined using this
value in the absence of specific user input. Values in EN1992-1-1 Table 3.1 lie
in the range 12 to 90MPa. The default is f,,=40MPa.

U Material factor for concrete (yc) : When ULS reinforcement design is
selected, y. is used in determining the design strength for concrete, hence
affecting calculation of the depth in compression, the lever arm, and the
classification of the section with regard to tension-control. It is not used for SLS
crack checking calculations. From clause 2.4.2.4 & Table 2.1N vy, is an NDP
and therefore suitable defaults are taken from the appropriate National Annex.
Since different values apply for “accidental” design situations as compared to
“persistent and transient” design situations, the defaults are for the latter.
Broadly speaking vy.=1.15 is adopted by most countries.

U Coefficient for long term and unfavourable effects (Acc) : When ULS
reinforcement design is selected, o IS used in determining the design strength
for concrete, hence affecting calculation of the depth in compression, the lever
arm, and the classification of the section with regard to tension-control. It is not
used for SLS crack checking calculations. From clause 2.4.2.4 and Table 2.1N
ac is an NDP and therefore suitable defaults are taken from the appropriate
National Annex. Broadly speaking values of o =1.0 (buildings) and o, =0.85
(bridges) are adopted by most countries.

Reinforcement Details
See RC Slab Designer : Reinforcement Details for general information.

O Bar sizes Standard metric bar designations are used.

U Spacing [s] Typical values lie in the range 25mm to 300mm. The default is
150mm.

O Cover [cqy] This is the cover used to calculate effective depths, the “nominal
cover specified on the drawings” as in clause 4.4.1.1(2). This may sometimes
be distinct the cover distance used in the calculation of crack widths (see
below). Typical values for cover would lie in the range 15 to 65mm. The
default is 45mm.

ULS Reinforcement Design Output

See Background to Calculations Carried out by the Slab Designer for general
information.

The flexural resistance is calculated in accordance with clauses 3.1.6 and 3.1.7 and
Figure 3.5 — assuming a rectangular stress distribution in the compression zone. The
basic formula used can be derived directly from moment equilibrium and strain
compatibility.
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Area of steel required
The formulae used are summarized below:

EN1992
Ax e fek
z=d- ? . de ¥c
— 50
A= if{feki 50MPa,0.8,0.8 —f““—}
400
fox— 50
= 'f{ < 50MPa, 1.0,1.0 — ‘:—}
) 1 fr_'l{ a 200
p_}ls,pmv x=d f}f‘d o z=d—j£
- - 2
' bd Nfead
H _ ﬂ"fﬂ
2.TEQ —
q f‘_:.-'ﬂz

The nomenclature used above is as in the code excepting that:

My = factored moment at the section
A req = Area of tension reinforcement required

A prov = Area of tension reinforcement provided

Tension control ratio
The slab is ductile when the appropriate inequality below is met:

(90 — £ O1°
Zous = If{fuac < 50MPa, 3.5%0,2.6 + 35|~ | %o

fya

=
Esscuﬂ

-1
+1]

x
d
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Viewing ULS results

See RC Slab Designer : Viewing Results for details of plotting ULS reinforcement
design contours.

Crack Width Settings

See Background to Calculations Carried out by the Slab Designer for general
information.

The Crack Width Settings page is only available if the SLS crack checking option is
selected on the Design Code Settings page. Settings for Eurocodes are described here:

RC Slab Design: Crack Width Settings
i Calculation properties — Elastic moduli
Top [mm] Battam [mm) o e e ——
Cover uzed for crack &3 EEal @R ELLE
width zalculation 50.0 IED 0 Creep cosfficient [P |22—
Allowable crack width [mm) IEI.3 A lm
[T Tension stifening A~ User defined values
© Include ' lgnore & Interpolate Short term modulus of concrete G 5.0
— Effective elastic modulus for concrete ———————————— i) el bR e ik I‘H'EI
& Quasi-pemanent
" Interpolated, based on proportion ek e
eriale elfesis + Tiotal efects (7] Gy Eocticen sl [o4
Fermanent effects: Total effects (%] 40.0 Eeeticeniinfbonlpoostiesl ) ID 8
Coefficient for strain distrbution [K.2) IU.S
7 Interpolated, based lculated 1 —
LSl (TR o) G SR A Coefficient for cover influence [K3]
Femanent effects fiom [Badease o combination
| = fa) [24 {B) [0.0 [e) [0.0
The wariable moments are taken from the curently Coefficient for bar diameter [K.4] IU_425
active loadcase. Crack widths are based on the
summed morments from the designated [permanent]
and active [varable] lnadcases
Defaults | < Back [Ests Finizh | Cancel I Help |

Calculation properties

U Cover used for crack width calculation The cover used for crack width
calculation, c. This value affects the design crack width calculation by
changing the location at which the design crack width is assessed. In essence,
the crack width is calculated at a plane lying a distance, c.,, from the layer of
bars controlling the crack. It is typically assumed that c, is equal to the actual
cover (typically based on c,n,), making the crack width plane described
coincident with the tension face of the concrete. However when the actual cover
is significantly greater than the cover required in clause 4.4.1, setting c, to the
lower value will calculate the crack width on a plane internal to the concrete,
resulting in a smaller calculated crack width, an approach which may be
deemed appropriate in certain circumstances. Values for c., would therefore
typically be by reference to clause 4.4.1 and the default is 30mm.
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O Allowable crack width [wie] This value is used only to scale the crack width
contours. From EN1992-1-1 clause 7.3.1(5), Table 7.1N, wy,, is a NDP and
therefore suitable defaults are taken from the appropriate National Annex.
Broadly speaking a value of w,,,=0.30 is adopted by most countries.

Tension Stiffening

The expression for the average strain in the reinforcement, &gy, includes a reduction in
consideration of the stiffening effect of tension carried by concrete. Where
reinforcement does not lie perpendicular to cracks, whether the “tension stiffening”
reduction should be included is a matter of debate (see SLS Crack Checking in
Background to Slab Designer Calculations). The Slab Designer offers crack check
calculations with the tension stiffening component included, ignored (conservative) or
interpolated.

Q Include Considers tension stiffening for all angles
QO Ignore Tension stiffening is completely ignored for conservative design.

O Interpolate (Default option) Scales linearly from 0% tension stiffening at
0=25°, to 100% at 0=0°.

Calculation of effective elastic modulus for concrete

In the calculation of crack widths, strains are assessed using an effective elastic
modulus for concrete. This effective modulus may be calculated in a number of ways to
suit the user and code of practice as follows:

O Quasi-permanent, based upon creep coefficient For this the effective elastic
modulus for concrete is taken as the long-term value (from user input or
calculated as described below). This is generally regarded as conservative in
respect of the elastic and creep deformations that might be expected as a result
of the mix of permanent and transient loads that are likely to affect the
structure. Accordingly, this is the default option.

O Interpolated, based on proportion For this the effective elastic modulus for
concrete is calculated using a ratio, R, of moments due to live loading (M) to
total moments, (Mg+M,). R is a single value, determined by the user, which is
entered as a percentage. The following expression (based on strain
compatibility) is used to determine the effective modulus:

E X E

c,short clong

Ec.longR + Er.'.shor't (1 - Rj

E:.EFF =

QO Interpolated, based on calculated proportion For this the effective elastic
modulus for concrete is calculated using the ratio, R, as described above. In this
case, however, R is evaluated at each node. The moments due to permanent
loads, My, are taken from the loadcase selected in the droplist. The moments
due to live loads, Mg, are taken from the active loadcase. The ratio at each node
is:

299



Application Manual (Bridge, Civil & Structural)

M,

R=—"—
M, + M,

Consistent with the above expression, total moments used for the calculation of
crack width are based on My + M. The need for a suitable single value for R to
be determined by the user is avoided.

Elastic Moduli

The modulus of elasticity of concrete, Ec, is used in calculation of flexural strains in
the slab, leading to the calculation of a design crack width.

U Use code defined values When this option is invoked, the moduli used in
calculations (as required), will be as follows:

e Short term modulus based upon Table 3.1

£\ 03
- - fem
Eeehore = Bem = 22( 10 :] where fem = fer T 8

This value must be adjusted for the aggregate in use according to clause
3.1.3(2).

e Long term modulus for concrete assuming linear creep as in clause 7.2(2),
can be based on clause 3.1.4.

-1

@00, ty)
E:.lnng = E: (m’tﬂlj = El:m [1 + 1.05 ]
Use of the code defined values option requires the entry of two further
parameters:

U Creep coefficient ¢ : This should be determined from clause 3.1.4 (Fig 3.1).
The default is taken as y = 2.2.

U Aggregate type : From clause 3.1.3(2) four types are offered which modify the
Modulus of Elasticity as appropriate.

O User defined values When this option is invoked, values for elastic moduli may
be entered instead of using those determined automatically. The default values
are based on the expressions described previously.

Eurocode crack width factors

U Coefficient for load duration (Kt) : Coefficient for duration of loading, k;. In
clause 7.3.4(2), k; is given as 0.6 for short term loading or 0.4 for long term
loading. For most nations, crack width calculations are for the quasi-permanent
design situation in the Eurocode (see EN1992-1-1 Table 7.1N and EN1992-2
Table 7.101N), therefore the default is taken as k=0.4.
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O Coefficient for bond properties (K1) : In clause 7.3.4(3), k; is a coefficient
which takes account of the bond properties of the bonded reinforcement, taken
as 0.8 for high bond bars or 1.6 for bars with an effectively plain surface. The
default is k; = 0.8.

O Coefficient for strain distribution (K2) : In clause 7.3.4(3), k; is a coefficient
which takes account of the form of the strain distribution, with the values 0.5
for bending and 1.0 for pure tension. Since the scope of the slab designer is
restricted to moment fields, the appropriate value would in most cases be 0.5
and the default is accordingly k,=0.5.

Q Coefficient for cover influence (K3)Coefficient controlling the influence of
cover on crack spacing. In clause 7.3.4(3), k3 is an NDP. It requires special
treatment for some nations and is taken to be of the form:

_ k k
ky = kgy 0%B.c,"=C

where generally ksg>0 and ksc<0. For most nations, ksa=3.4, kag=0 and ksc=0,
but defaults are set as appropriate to the National Annex.

O Coefficient for bar diameter (K4) : Coefficient controlling the influence of bar
diameter on crack spacing. In clause 7.3.4(3), k4 is an NDP and therefore
suitable defaults are taken from the appropriate National Annex. Broadly
speaking a value of k, =0.425 is adopted by most countries.

SLS crack width calculation to Eurocode

Crack width calculations for EN1992 are carried out by reference to clause 7.3.4 and
7.3.2(3):

EN1992

Effective area of concrete in tension:

bmm{ZS(h d), hox ';l}

pp,eﬂ" E pr'mh"lll"q

Crack spacing:

keykok
Spmax = If {s <5 (c + g),kac 4 Glala® 13(h —x)}

P p.eff
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Cracking strain showing tension stiffening component in square brackets:

fr.‘t.ef'f'
— T
_ a. lkt r_‘t,el’f'as pp,EFF
€em — fom T E - E

E E

The mean value of the tensile strength of the concrete effective at the time when cracks
may be first expected to occur:

=)

foratt = form = if{,ﬁ:k < 50,03f,, %%, 2.12In (1 + n

Crack widths:

Wy = Sr,ma.x(Esm - E:m:]
Viewing SLS results

See RC Slab Designer : Viewing Results for details of plotting SLS reinforcement
design contours.

Eurocode supported countries and their respective

National Annexes

Selecting a Eurocode country and “EN1992-1-1" or “EN1992-2” design code makes
the Slab Designer perform calculations, and offer defaults, based on the following
publications:
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Country National Annex reference document

Austria ONORM EN 1992-1-1/NA:2007

Belgium prNBN EN 1992-1-1/NA:2007

Bulgaria BDS EN 1992-1-1:2005/NA:2011 and BDS EN 1992-2:2006/NA:2012
Cyprus CYS EN 1992-1-1:2004/NA:2009 and CYS EN 1992-2:2005/NA:2009

Czech Republic

CSN EN 1992-1-1/NA:2007

Denmark DS/EN 1992-1-1 DK NA:2011 and VD/EN 1992-2 DK NA:2009
Finland SFS-EN 1992-1-1/NA:2009 and SFS-EN 1992-2/NA:2010
France NF EN 1992-1-1/NA:2007

Germany prDIN EN 1992-1-1/NA:2009

Greenland DS/EN 1992-1-1 GL NA:2009
Ireland I.S. EN 1992-1-1/NA: 2010 and I.S. EN 1992-2/NA: 2010

Italy UNI-EN 1992-1-1/ NA:2007 and UNI-EN 1992-2/NA:2007
Netherlands NEN EN 1992-1-1/NA:2007
Poland PN EN 1992-1-1/NA:2008

Romania SR EN 1992-1-1/NB 2008 and SR EN 1992-2/NB 2009

Singapore SS EN 1992-1-1/NA 2008 inc Amd 1
Slovakia STN EN 1992-1-1/NA:2007

Spain AN/UNE-EN 1992-1-1: 2012 and AN/UNE-EN 1992-2: 2012
Sweden TRVFS 2001:12 (EN 1992)

United Kingdom

BS EN 1992-1-1:2004/ NA: 2005 and BS EN 1992-2:2005/ NA: 2007

Nationally determined parameters (NDP) for these countries are stored in the
EurocodeParameters.xml file in the <LUSAS Installation
Folder>\Programs\scripts\User folder. When a national annex of the Eurocode is
selected the NDP's are read from the xml file and displayed in the text fields on the

dialog for use in the calculations. Additional national annexes added to the file will be
displayed in the list of available design codes. Note the design calculations carried out
for all Eurocodes are the same, only the values of the NDPs change when selecting
national annexes.

Design Code Settings and Parameters for India

IRC:112-2011

Selecting India and the IRC:112-2011 design code option on the main Design Code
Settings page of the RC Slab Designer will make it perform calculations, and offer
defaults, based on:
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U IRC: 112:2011: Code of Practice for Concrete Road Bridges, Indian Roads
Congress. (Indian Highway Bridge Design Code)

Note that regardless of model units, the Slab Designer uses units in keeping with the
design code, i.e. N/mm2, millimetres etc., as shown on the dialog.

RC Slab Design: Design Code Settings
—Design code
Counlry =
Design cods [IRC:112:2011 =
—Slab depth
& Fram madel geametry " Constant depth — [25011 mm
—Design calculations
@ LLS reinforcement design 515 crack checking
—Design p
Characteristic vield strength of reinfarcement [fyk] IEDD 0 MPa
aterial factar far reinforcing steel [ys) |1 15
todulus of elasticity of reinforcing steel [Es) IEDD 0 GPa
Characteristic cylinder strength of concrete [fck] IdD a MPa
I aterial factor for concrete [yc) |1 i)
Coefficient for long term and unfavorable effects (o] 0.E7
Diefaults < Back Mext » | Firiisty I Cancel | Help

General Settings

See RC Slab Designer : General Design Code Settings and Parameters for details.

Design Parameters

U Characteristic yield of reinforcement (fyk) : When ULS reinforcement design
is selected, fy, is used in the calculation of the area of reinforcing steel required
(and bar diameters) and in determining if the section is tension-controlled. It is
not used for SLS crack checking calculations. Values acceptable in clause 6.2.2,
Table 18.1 lie in the range f,=240 to 600MPa. The default is f,,=500MPa.

O Material factor for steel (ys) : When ULS reinforcement design is selected, v
is used in determining the design strength for concrete, hence affecting
calculation of the depth in compression, the lever arm, classification of the
section with regard to tension-control and the area of steel required dierctly. It
is not used for SLS crack checking calculations. Broadly speaking ys=1.15 is
adopted by most countries.

O Elastic modulus of reinforcing steel (Es) : When ULS reinforcement design is
selected, E is used in determining if the section is tension-controlled. When
SLS crack checking is selected, the value is used in the calculation of the depth
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in compression. From clause 6.2.2 the typical value, taken as the default, is
E=200GPa

O Characteristic compressive cylinder strength of concrete (fck) : When ULS
reinforcement design is selected, f, is used in the calculation of the lever arm,
and in determining if the section is tension-controlled. When SLS crack
checking is selected, the elastic modulus for concrete is determined using this
value in the absence of specific user input for that parameter. Refer to IRC:112-
2011 Table 6.5 for a range of values. The default is f,,=40MPa.

O Material factor for concrete (yc) : When ULS reinforcement design is
selected, . is used in determining the design strength for concrete, hence
affecting calculation of the depth in compression, the lever arm, and the
classification of the section with regard to tension-control. It is not used for SLS
crack checking calculations. Broadly speaking y.=1.15 is adopted by most
countries.

O Coefficient for long term and unfavourable effects (Acc) : When ULS
reinforcement design is selected, o is used in determining the design strength
for concrete, hence affecting calculation of the depth in compression, the lever
arm, and the classification of the section with regard to tension-control. It is not
used for SLS crack checking calculations. For IRC:112-2011 a value of o
=0.67 is used.

Reinforcement Details

See RC Slab Designer : Reinforcement Details for general information.

O Bar sizes Standard metric bar designations are used.

O Spacing [s] Typical values lie in the range 25mm to 300mm. The default is
150mm.

O Cover [cyy] This is the cover used to calculate effective depths, the “nominal
cover specified on the drawings”. This may sometimes be distinct from the
cover distance used in the calculation of crack widths (see below). The default
is 45mm.

ULS Reinforcement Design Output

See Background to Calculations Carried out by the Slab Designer for general
information.

The flexural resistance is calculated in accordance with clauses 6.4.2.8(1)(a) and
6.4.2.8(1)(b) and Figure A2-4 — assuming a rectangular stress distribution in the
compression zone. The basic formula used can be derived directly from moment
equilibrium and strain compatibility.
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IRC:112-2011
Area of steel:
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The nomenclature used above is as in the code excepting that:
My = factored moment at the section

Asreq = Area of tension reinforcement required

A prov = Area of tension reinforcement provided

For tension control the slab is ductile when the appropriate inequality below is
met;

Eouz = IF

90 — 0.8f. )]
fuc > 60MPa, 2.6 + 35 (50~ 0.8/e) 3.5 %,
100

=

fyd -
——+1
E = +

=%culd

x
d

Viewing ULS results

See RC Slab Designer : Viewing Results for details of plotting ULS reinforcement
design contours.
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Crack Width Settings

See Background to Calculations Carried out by the Slab Designer for general
information.

The Crack Width Settings page is only available if the SLS crack checking option is
selected on the Design Code Settings page.

RC Slab Design: Crack Width Settings [ =]
— Calculation properties — Elastic moduli
iy v (g el Top (mm] Battom (mm] % Use code defined values
width calculation |45.D 45.0 Creep cosficient (Phi |22—
Allowable crack width [mm] II] 3
7 Vst =R " User defined values
" Inelude " lgnore & Interpolate Shiart term mudulis of conerete GRS 350
i~ Effective elastic modulus for concrete Lorg fem mediis of eonerete e I‘I-I a
& Quasi-pemanent
" Interpolated. based on proportion [ Gt
aratle effects o Tiotal effects (%] E0.0 (Goiieiel: oy e clieficnn (¥ IU'S
Femanent effects: Tatal effects (%] 40.0 Geietat iy el ereies (471 IU'S
Coefficient for strain distibution [K.2) ID.5
™ Interpolated, based on calculated proportion
Fermatient effects fom oadease on cambimation
The variable moments are taken fram the curenty
active lnadzase. Crack widths are based on the
summed moments from the designated [permanent]
and aclive [variable] loadcaszes
Defaults | < Back (= Finish | Cancel I Help

Calculation properties

O Cover used for crack width calculation The cover used for crack width
calculation, c.,. This value affects the design crack width calculation by
changing the location at which the design crack width is assessed. In essence,
the crack width is calculated at a plane lying a distance, c.,, from the layer of
bars controlling the crack. It is typically assumed that c is equal to the actual
cover (typically based on c,on), making the crack width plane described
coincident with the tension face of the concrete. However when the actual cover
is significantly greater than the cover required in clause 14.3.2.1 Table 14.2,
setting ¢ to the lower value will calculate the crack width on a plane internal to
the concrete, resulting in a smaller calculated crack width, an approach which
may be deemed appropriate in certain circumstances. Values for ¢, would
therefore typically be by reference to clause 14.3.2.1 and the default is 45mm.

O Allowable crack width [wy,] This value is used only to scale the crack width
contours. Refer to IRC:112-2011 Table 12.1. A default of 0.3mm is used.
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Tension Stiffening

The expression for the average strain in the reinforcement, esm includes a reduction in
consideration of the stiffening effect of tension carried by concrete. As described in
SLS crack checking where reinforcement does not lie perpendicular to cracks, whether
the “tension stiffening” reduction should be included is a matter of debate. The Slab
Designer offers crack check calculations with the tension stiffening component
included, ignored (conservative) or interpolated.

4 Include Considers tension stiffening for all angles
U Ignore Tension stiffening is completely ignored for conservative design.

O Interpolate (Default option) Scales linearly from 0% tension stiffening at
o=25°, to 100% at a=0°.

Calculation of effective elastic modulus for concrete

In the calculation of crack widths, strains are assessed using an effective elastic
modulus for concrete. This effective modulus may be calculated in a number of ways to
suit the user and code of practice as follows:

U Quasi-permanent, based upon creep coefficient For this the effective elastic
modulus for concrete is taken as the long-term value (from user input or
calculated as described below). This is generally regarded as conservative in
respect of the elastic and creep deformations that might be expected as a result
of the mix of permanent and transient loads that are likely to affect the
structure. Accordingly, this is the default option.

U Interpolated, based on proportion For this the effective elastic modulus for
concrete is calculated using a ratio, R, of moments due to live loading (M) to
total moments, (Mg+M,). R is a single value, determined by the user, that is
entered as a percentage. The following expression (based on strain
compatibility) is used to determine the effective modulus:

E X E

c,zhort clong

Ec.lnngR + Ec.sl:mr't (1 - R:]

Ec.eff =

U Interpolated, based on calculated proportion For this the effective elastic
modulus for concrete is calculated using the ratio, R, as described above. In this
case, however, R is evaluated at each node. The moments due to permanent
loads, My, are taken from the loadcase selected in the droplist. The moments
due to live loads, M, are taken from the active loadcase. The ratio at each node

308



RC Slab Designer

Consistent with the above expression, total moments used for the calculation of
crack width are based on My + M. The need for a suitable single value for R to
be determined by the user is avoided.

Elastic Moduli

The modulus of elasticity of concrete, E, is used in calculation of flexural strains in the
slab, leading to the calculation of a design crack width.

O Use code defined values When this option is invoked, the moduli used in
calculations (as required), will be as follows:

e Short term modulus of concrete based upon Table 3.1

fom |\
E:;shnr't = E:m = 22 (E) where Jﬁ:m = fl:l{ + 10

¢ Long term modulus of concrete assuming linear creep as in clause 7.2(2),
can be based on clause 3.1.4.

En:,ln:ung = EI'.' (CD, t-I}j = Jl':"r|:|:1'1|:1 + @(m’ t-I]'j:l_l

Use of code defined values requires the entry of a further parameter:

O Creep coefficient ¢ : This should be determined from clause 6.4.2.7, Table 6.9.
The default is taken as y = 2.2.

O User defined values When this option is invoked, values for elastic moduli may
be entered instead of using those determined automatically. The default values
are based on the expressions described previously.

Crack width parameters

O Coefficient for load duration (Kt) : Coefficient for duration of loading, k. In
clause 12.3.4(2), k; is given as 0.6 for short term loading or 0.4 for long term
loading. The default is taken as k=0.4.

O Coefficient for bond properties (K1) : In clause 12.3.4(3), k; is a coefficient
which takes account of the bond properties of the bonded reinforcement, taken
as 0.8 for high bond bars or 1.6 for bars with an effectively plain surface. The
default is k; = 0.8.

Q Coefficient for strain distribution (K2) : In clause 12.3.4(3), k; is a coefficient
which takes account of the form of the strain distribution, with the values 0.5
for bending and 1.0 for pure tension. Since the scope of the slab designer is
restricted to moment fields, the appropriate value would in most cases be 0.5
and the default is accordingly k,=0.5.

309



Application Manual (Bridge, Civil & Structural)

SLS crack width calculation

Crack width calculations for IRC:112-2011 are carried out by reference to clauses
12.3.4 and 12.3.3:

IRC:112-2011

Effective area of concrete in tension:

h—x h}

A = b.mi {2.5 h—d), .=
c.eff mirn ( j 3 2

pp,eff = As,pmv-f’qc,eff

Crack spacing:

¢

kikok
snmuzif{SES(c—l-E),kac-l- kaksd

Pp,eE‘E

,1.3(h—xj}

Cracking strain showing tension stiffening component in square brackets:

fct,eFF
— t
c . _ g kt ct,eFFas _ pPJEFF
sm cm Es Es

The mean value of the tensile strength of the concrete effective at the time when cracks
may be first expected to occur:

Foett = Foum = if{fck < 60,0.259f,,%%,2.27In (1 + ;.sz.':_b)}

Crack widths:

Wy = Sr‘,max('gsm - Ecm)
Viewing SLS results

See RC Slab Designer : Viewing Results for details of plotting SLS reinforcement
design contours.
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Design Code Settings and Parameters for India
(IRS:CBC-1997)

Selecting India and the IRS:CBC-1997 design code options on the main Design Code
Settings page of the RC Slab Designer will make it perform calculations, and offer
defaults, based upon:

O IRS:CBC-1997, IRS Concrete Bridge Code 1997, Incorporating A & C slip no
7, 2003. Indian Railway Standard, Code of Practice for Plain, Reinforced and
Prestressed Concrete for General Bridge Construction Research Designs and
Standards Organisation

Note that regardless of model units, the Slab Designer uses units in keeping with the
design code, i.e. N/mm2, millimetres etc., as shown on the dialog

RC slab Design: Design Code Settings [ x|
—Design code
Cotuntry I India j
Design code [Irs:cac-13s7 =l
i Slab depth
% From mode! geometiy " Constant depth 2500 mm
i~ Design calculations
% ULS reinforcement design " 5LS crack checking
—Design p
Characteristic concrete cube strength [fou) an o M e
Characteristic strength of reinfarcement [fi] |4BD o M e
Defaults < Bach Mext > | Eiriteh I Cancel Help

General Settings
See RC Slab Designer : General Design Code Settings and Parameters for details.

Design Parameters
The following parameters are required:

O Characteristic concrete cube strength, fcu When ULS reinforcement design is
selected, f., is used in the calculation of the lever arm, z, and in determining if
the section is tension-controlled. When SLS crack checking is selected, the
elastic modulus for concrete is determined using this value in the absence of
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specific user input for that parameter. Typical values lie in the range 20 to
60N/mmz. The default is 40N/mm?

O Characteristic strength of reinforcement, fy When ULS reinforcement design

is selected f, is used in the calculation of the area of reinforcing steel required
(and bar diameters) and in determining if the section is tension-controlled. It is
not used for SLS crack checking calculations. Typical values would be f,=250,
460 or 485N/mma2. The default is 460N/mm?2.

Reinforcement Details
See RC Slab Designer : Reinforcement Details for general information.

U Bar sizes Nominal diameters (and cross-sectional areas).

O Spacing [s] Typical values lie in the range 25mm to 300mm with a typical
aggregate size of 20mm). The default is 150mm.

O Cover [cqy] This is the cover used to calculate effective depths, as distinct from

nominal cover (Cnom), Used in the calculation of crack widths (see below). For
various reasons, including durability considerations or fixing tolerances, the
specified cact may be greater than c,om. Typical values for ¢, would, however,

lie in the range 20 to 75mm. The default is 50mm.

ULS Reinforcement Design

See Background to Calculations Carried out by the Slab Designer for general
information.

For nominal resistance calculations IRS:CBC-1997 clause 15.4.2.2.1 is used.

Area of steel required
The formulae can be summarized as follows:
M,
As.req = >
0.87f,z

oy Y Aares
foubd

) d # 0.95d

The nomenclature used above is as in the relevant codes excepting that:
A req = Area of tension reinforcement required

A prov = Area of tension reinforcement provided

Tension control ratio
The slab is ductile when the inequality below is met:
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Ml.l
/bdffcu

=1
0.15

Viewing ULS results

See RC Slab Designer : Viewing Results for details of plotting ULS reinforcement
design contours.

Crack Width parameters

The Crack Width Settings page of the RC Slab Designer will appear only if the SLS
crack checking option was selected on the main Design Code Settings page.

RC Slab Design: Crack Width Settings [ x|
i Calculation properties i Loading ratio
Top (mm] Blattorn [mm)
Nominal cover 40.0 40.0 & &l live loads
Allowable crack width [mm] 03 8 (e et

i Tension stiffening

Shiort tery moments: Tatal maments: (%] IED.U

 Include LLang term momentsliotal mements (%] |4EI.U

" Ighore % |nterpolate

i Elastic: modul
s modul " Calculated proportion
% Use code defined values L
L termi) mements fram lpadease. o cambination

User defined values ——————————————————— I

I

Shiort termm modilus coperete KR

Lamaterm modulus of cancrete kH s

280

14.0

The zhort term moments are taken from the currently
active loadease. Crack widths are based on the
summed moments from the designated (long term]
and active [short term) loadcases

Iodulus of stee] K 200.0
Defaults | < Back (|25 Finish | Cancel I Help

Calculation properties

O Nominal Cover [cnom] This value affects the design crack width calculation by
changing the location at which the design crack width is assessed. In essence,
the crack width is calculated at a plane lying a distance, ¢,om, from the layer of
bars controlling the crack. Typical values lie in the range 25 to 75mm and
should be determined from IRS:CBC-1997 clause 15.9.2.2. The default is
50mm.

O Allowable crack width (mm) The value entered is only used to the scale the
crack width contours. IRS:CBC-1997 Table 10 relates design crack width
requirements to exposure conditions, with values from 0.1mm to 0.3mm. The
default value is taken as 0.2mm.
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Tension stiffening

IRS:CBC-1997 cl 15.9.8.2.1 shows an equation which includes a reduction in the
calculated crack width in consideration of the stiffening effect of tension carried by
concrete which remains bonded to the reinforcement in the tensile zone at small strains.
As described in SLS crack checking where reinforcement does not lie perpendicular to
cracks, whether the “tension stiffening” reduction should be included is a matter of
debate. The Slab Designer offers three options for crack check calculations:

4 Include Considers tension stiffening for all angles
U Ignore Tension stiffening is completely ignored for conservative design.

O Interpolate (Default option) Scales linearly from 0% tension stiffening at
o=25°, to 100% at a=0°.

Elastic Moduli

The elastic moduli for concrete and reinforcing steel are used in calculation of flexural
strains in the slab, leading to the calculation of a design crack width.

U Use code defined values When this option is invoked, the moduli used in
calculations (as required), will be as stated in the table below.

O User defined values When this option is invoked, users may enter values for
elastic moduli instead of using those determined automatically. The default
values are based on the values and expressions in the code of practice described
previously.

Short term modulus for Long term modulus for Elastic modulus

concrete concrete for steel
E.short = 0.27xf., + 20 m = 280/f 200kN/mma2
See note 1.

Notes
e This equation (rounded to 2 significant figures) closely approximates Cl 5.5.2.1
Table 3 although the value for f,=25N/mm?2 is calculated as Ec=27kN/mm?
instead of 26kN/mm2 as given in Table 3. Use of the equation is felt preferable
as it is more flexible for values of f  other than those given in Table 3.

Loading Ratio

In the calculation of crack widths, strains are assessed using an effective elastic
modulus for concrete. This effective modulus may be calculated in a number of ways to
suit the user and code of practice as follows:

Q All live loads This assumption is conservative in consideration of Clause 5.2.6.
This is the default option.
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O Fixed proportion The effective elastic modulus for concrete is calculated using
aratio, R, of moments due to live loading (M) to total moments, (Mg+Mg). R is
entered by the user as a percentage and the following expression (based on
strain compatibility) is used to determine the effective modulus:

E X E

c.chort clong

Err_',ll:mg;R + Ec,short (1 - R]

Ec,eFF =

Assuming a suitable single value for R can be determined by the user, this
option suits the approach of clause 5.2.6 when Eg jong = Ecshort/2, i.¢. When “use
code defined values” is selected.

O Calculated proportion The effective elastic modulus for concrete is calculated
using the ratio, R, as described above. In this case, however, R is evaluated at
each node. The moments due to permanent loads, My, are taken from the
loadcase selected in the droplist. The moments due to live loads, My, are taken
from the active loadcase. The ratio at each node is:

Mgy

R=——"—
M, + M,

Consistent with the above expression, total moments used for the calculation of
crack width are based on My + M. This option suits the approach of clause
5.2.6 when Eg ong = E¢shor/2 1.6. when “use code defined values” is selected. The
need for a suitable single value for R to be determined by the user is avoided.

SLS crack width calculation

See Background to Calculations Carried out by the Slab Designer for general
information.

Crack width calculations are carried out by reference to IRS:CBC-1991 clause
15.9.8.2.1 as follows:

IRS:CBC-1997
M

£, (4-3)

g (a" — x)

T d—n

€. =

Reduction due to strain stiffening
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-
2

3.8bh(a —d,) [(1 _E) 10_9]

€4, (h’_ dc) Mg

Strain at cracking level

S L

Distance to controlling bar

Qep = ,\I|Il(h - dj! + [S/{Z)z - ijz

Crack widths

da,. e,

U2 (B Gem)

The spacing and bar diameter of the bars identified as “controlling” the crack are used
to determine the distance from the crack to the nearest bar, a,.

Viewing SLS results

See RC Slab Designer : Viewing Results for details of plotting SLS reinforcement
design contours.

Design Code Settings and Parameters for Singapore
(Eurocode / CP65-1999)

Selecting Singapore and one of the design code options on the main Design Code
Settings page of the RC Slab Designer will make it perform calculations, and offer
defaults, based on the appropriate Singapore publication below:
O SS EN1992-1-1/NA 2008 inc Amd 1 Design of Concrete Structures (buildings)
U SS CP65-1999 Design of Concrete Structures - general rules for buildings

Note that regardless of model units, the Slab Designer uses units in keeping with the
design code, i.e. N/mm2, millimetres etc., a shown on the dialog.
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RC slab Design: Design Code Settings [ %]
i Design code
Country
Design code 55 CPE5-1333 =l
i Slab depth
€= From mode! geametry " Constant depth |25EI.EI i
—Design calculations
& 1JLS reinforcement design ™ 5L5 crack checking
—Design p
Characteristic concrete cube strength [fou) 40.0 N /mm?
Characteristic strength of reinforcement [fy] |4EU.U M /mmé
Defaults | < Bach MNext » | Firarshy I Cancel Help

General Settings

See RC Slab Designer : General Design Code Settings and Parameters for details.

Design Parameters

For SS EN1992-1-1/NA 2008 inc Amd 1 see RC Slab Designer : Design Code
Settings and Parameters for Eurocode

For SS CP65-1999 the following parameters are required:

O Characteristic concrete cube strength, fcu When ULS reinforcement design is
selected, f, is used in the calculation of the lever arm, z, and in determining if
the section is tension-controlled. When SLS crack checking is selected, the
elastic modulus for concrete is determined using this value in the absence of

specific user input for that parameter. Typical values lie in the range 20 to
60N/mm2. The default is 40N/mm?

O Characteristic strength of reinforcement, fy When ULS reinforcement design
is selected f, is used in the calculation of the area of reinforcing steel required
(and bar diameters) and in determining if the section is tension-controlled. It is
not used for SLS crack checking calculations. Typical values would be f,=250,
460 or 485N/mm?. The default is 460N/mm?.

Reinforcement Details
See RC Slab Designer : Reinforcement Details for general information.

O Bar sizes Nominal diameters (and cross-sectional areas) .
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O Spacing [s] Typical values lie in the range 25mm to 300mm, (with a typical
aggregate size of 20mm). The default is 150mm.

U Cover [cqy] This is the cover used to calculate effective depths, as distinct from
nominal cover (Cnom), Used in the calculation of crack widths (see below). For
various reasons, including durability considerations or fixing tolerances, the
specified cact may be greater than c,om. Typical values for ¢, would, however,
lie in the range 20 to 75mm (CP65 clause 3.3). The default is 50mm.

ULS Reinforcement Design to CP65-1999

See Background to Calculations Carried out by the Slab Designer for general
information.

The formulae are according to CP65 clause 3.4.4.4 (as referenced from clause 3.5.1
regarding slabs).

Area of steel required
The formulae used are summarized below:

CP65

P M,
red T 0.87f,z

K
z=dlos5+ 025——"} %0954
Nl 0.9

Where:
Asreq = Area of tension reinforcement required

Tension control ratio
The slab is ductile when the appropriate inequality below is met:

CP65
K K
K' 0.156
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Viewing ULS results

See RC Slab Designer : Viewing Results for details of plotting ULS reinforcement
design contours.

Crack Width parameters for CP65-1999

The Crack Width Settings page of the RC Slab Designer will appear only if the SLS
crack checking option was selected on the main Design Code Settings page.

Settings for the CP65-1999 code are described here:

RC Slab Designer: Crack Width Settings
—Calculation properties —Effective elastic modulus for concrete
Top (mm) Battorn (mm)

Mominal cover |4EI il 0.0 & Half the instantaneous value

el ta arEets ol (o) 0.500 A" Interpolated, based on proportion. ———————————
i Tension stiffening Shart: term moments:Tatal moments (=] |B0.0

" Include ' |grore * |nterpolate LLamg) term) mements: Tatal moments (7] 400
r—Elastic moduli

A" Interpolated, based on calculated proportion
' Use code defined values L
LLarg term mometts fram leadeaze) on combinatian

User defined values ——————————————————— I j

Skt e mucuis conereEtE R i 280 The short term maments are taken from the curmently

active lnadcaze. Crack widths are based on the
L term medilus of conerete ki Ymmm 140 summed moments from the dezignated [long term)

and active [short temm] loadeases
Tl el e fy st KA 200.0

< Back [HExt s Finizh Cancel | Help I

Calculation properties

O Nominal Cover [cqom] This value affects the design crack width calculation by
changing the location at which the design crack width is assessed. In essence,
the crack width is calculated at a plane lying a distance, ¢nom, from the layer of
bars controlling the crack. For CP65-1999 it may be assumed that ¢, is equal
to the actual cover, ¢, making the crack width plane described coincident with
the tension face of the concrete. Typical values lie in the range 20 to 70mm and
should be determined from BS8110-1 clause 3.4, Tables 3.4 and 3.5. The
default is 40mm.

O Allowable crack width (mm) For CP65-1999 the value is used to the scale the
crack width contours. Clause 3.12.11.2 indicates a limitation of 0.3mm. The
default value is taken as 0.2mm
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Tension stiffening

CP65-1999 cl 3.8.3, eqn 13, includes a reduction in the calculated crack width in
consideration of the stiffening effect of tension carried by concrete which remains
bonded to the reinforcement in the tensile zone at small strains. As described in SLS
crack checking where reinforcement does not lie perpendicular to cracks, whether the
“tension stiffening” reduction should be included is a matter of debate. The Slab
Designer offers three options for crack check calculations:

4 Include Considers tension stiffening for all angles
U Ignore Tension stiffening is completely ignored for conservative design.

O Interpolate (Default option) Scales linearly from 0% tension stiffening at
o=25°, to 100% at a=0°.

Elastic Moduli

The elastic moduli for concrete and reinforcing steel are used in calculation of flexural
strains in the slab, leading to the calculation of a design crack width.

U Use code defined values When this option is invoked, the moduli used in
calculations (as required), will be as stated in the table below.

O User defined values When this option is invoked, users may enter values for
elastic moduli instead of using those determined automatically. The default
values are based on the values and expressions described previously.

Short term modulus for Long term modulus for Elastic modulus
concrete concrete for steel

Ec,short =0.2xfcu + 20 Ec,long = Ec,short/Z 200kN/mm?2

CP65-Part 2 1999 eqn 17, BS5400-4 clause 4.3.2.1  CP65-1999 clause
clause 7.2 (see note 1) 254

Notes

1.The reference to BS5400-4 is for an approximation taking into account the
effect of creep under long term loading, since reference to CP65-Part 2 1999
clause 3.6(a)(3) requires determination of a creep coefficient. This
approximation is broadly validated with reference to CIRIA Report 110.

Calculate Effective Elastic Modulus for Concrete

In the calculation of crack widths, strains are assessed using an effective elastic
modulus for concrete. This effective modulus may be calculated in a number of ways to
suit the user and code of practice as follows:
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O Half the instantaneous value The effective elastic modulus for concrete is
taken as half the instantaneous value, as per BS8110-2 clause 3.8.3. This is the
default option.

O Interpolated, based on proportion The effective elastic modulus for concrete
is calculated using a ratio, R, of moments due to live loading (M) to total
moments, (Mg+M). R is entered by the user as a percentage and the following

expression (based on strain compatibility) is used to determine the effective
modulus:

En:,shnr't X En:,l.nng
E:,lnngR + E:,shnr't (1 - Rj

EE_.EFF =

Q Interpolated, based on calculated proportion The effective elastic modulus
for concrete is calculated using the ratio, R, as described above. In this case,
however, R is evaluated at each node. The moments due to permanent loads,
My, are taken from the loadcase selected in the droplist. The moments due to
live loads, My, are taken from the active loadcase. The ratio at each node is:

_ M,

FR=—
M, + M,

Consistent with the above expression, total moments used for the calculation of
crack width are based on Mg + My,

SLS crack width calculation to CP65-1999

See Background to Calculations Carried out by the Slab Designer for general
information.

Crack width calculations are carried out by reference to CP65 clause 3.8.3 and may be
summarised as follows:

CP65
M
g, =—r—
E4:(d-3)
e l(a —x)
T -

Reduction due to strain stiffening
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_ b.(h—x)(a"—x)
27 T3E A (d—x)

Strain at cracking level

Distance to controlling bar

Aop = J[h -2+ (54) - 2/,

Crack widths

3a..ey
1+2 (S

w =

The spacing and bar diameter of the bars identified as “controlling” the crack are used
to determine the distance from the crack to the nearest bar, a;.

Viewing SLS results

See RC Slab Designer : Viewing Results for details of plotting SLS reinforcement
design contours.

Design Code Settings and Parameters for AASHTO
LRFD

Selecting United States of America and one of the design code options on the main
Design Code Settings page of the RC Slab Designer makes it perform calculations, and
offer defaults, based on the appropriate publication below:

U AASHTO LRFD Bridge Design Specifications, 6th Edition, American
Association of State Highway and Transportation Officials, 2012

O AASHTO LRFD Bridge Design Specifications, 5th Edition, American
Association of State Highway and Transportation Officials, 2010
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Note that regardless of model units, the Slab Designer uses units in keeping with the
design code, i.e. ksi, inches etc., as shown on the dialog.

RC Slab Design: Design Code Settings

— Design code
Country IUnited States of America j
Diesign code IAASHTD LRFD Eth Edition (2012] j
i Slab depth
' From model geometry " Constant depth 100 in

i Design calculations

& ULS reinforcement design £ G515 crach checking
i Design p
Specified compressive strength of concrete for use in design ['c] IE o ksi
Specified vield strength of reinforcing bars [fy) I?E.D ki

Riesistance factor for tension controlled reinforced concrete sections (@) ID.EI

Drefaults < Back Mexst > Finrsh | Cancel I Help

General Settings

See RC Slab Designer : General Design Code Settings and Parameters for details.

Design Calculations.

ULS reinforcement design is catered for but SLS crack checking is not available. This
is because AASHTO LRFD requirements do not include a crack width calculation,
instead relying on minimum reinforcement requirements (clause 5.7.3.3.2) and
minimum spacing of reinforcing bars (clause 5.7.3.4).

Design Parameters

O Specified compressive strength of concrete for use in design, f’c. Typical
values lie in the range 2.4 to 10.0ksi (clause 5.4.2.1 and Table C5.4.2.1-1). The
default is 6.0ksi (41MPa).

O Specified yield strength of reinforcing bars, fy. Typical values lie in the range
60 to 75ksi (clauses 5.4.3.1 and 9.7.2.5). The default is 75ksi (520MPa).

O Resistance factor for tension controlled reinforced concrete sections ¢.
According to clause 5.5.4.2.1, $=0.9 for tension controlled reinforced concrete
sections, and this is the default value.
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Reinforcement Details

See RC Slab Designer : Reinforcement Details for general information. AASHTO-
specific advice is provided here:

O Bar sizes Imperial bar designations are used as shown in the table. The default
size is #6.

O Spacing [s] Typical values lie in the range 2” to 12 (from practical
considerations and clause 5.7.3.4, although clause 9.7.2.5 suggests 18” as a
maximum). The default is 6” (approximately 150mm)

O Cover [d¢] Typical values lie in the range 0.8” to 4” (from Table 5.12.3-1). The
default is 2” (approximately SO0mm)

Bar Designations

Bar Bar Size Nominal Diameter

size (inches)
#3 0.375=%
#4 0.500 = ¥
#5 0.625 =%
#6 0.750 = %
#7 0.875=7
#8 1
#9 1.128
#10 1.27
#11 1.41
#14 1.693
#18 2.257
#18J 2.337

ULS Reinforcement Design to AASHTO

See RC Slab Designer : Viewing Results for details of plotting ULS reinforcement
design contours.

See Background to Calculations Carried out by the Slab Designer for general
information.

AASHTO-specific assumptions for nominal resistance calculations are:

e Tensile strength of concrete is neglected, as per clause 5.7.2.1
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e A rectangular stress block of 0.85f7; is assumed (see clause 5.7.2.2 and egn
5.7.3.1.1-4 in the absence of prestressing steel)

e f, replaces f; on the assumption that c/ds <0.6, as per clause 5.7.2.1

A check is carried out for c/ds <0.6 and a warning occurs if this inequality does not
hold at any location on the slab.

Area of steel required
On the above basis, the formulae used can be summarized as:

AASHTO LRFD

M

As,rsq = —
¢fyz

c

c= f}"qs,'prov
0.85f'_B,b

fl.—4
By = if{f‘c < 4,0.85, max (0.85 - ':20 ,0.65

The nomenclature used above is as in AASHTO LRFD, plus:
A req = Area of reinforcing steel required
A prov = Area of reinforcing steel provided
Tension control ratio

Inequality is met when the slab is ductile.

AASHTO LRFD

0.005¢
]
0.003 (d, — c)

Viewing results

See RC Slab Designer : Viewing Results for details of plotting ULS reinforcement
design contours.
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Background to the RC Slab Designer Calculations

ULS reinforcement design

Where a reinforced concrete slab is subject to a general set of bending and twisting
moments (Mx, My, Mxy), these must be rationalised into components which can be
used to design the 4 layers of reinforcement — top and bottom, X and Y directions. The
method used here is that attributed to Wood & Armer (1969), which optimises the
reinforcement requirements based on total weight of reinforcement.

Codes of Practice generally set out principles or rules in terms of the flexural resistance
of beams. In accordance with industry practice, the Slab Designer uses these rules
together with Wood-Armer moments to determine ULS reinforcement requirements.
To prevent excessive compression in the concrete, due to the combined effect of
moments in orthogonal directions, Cope & Clark (1984) recommend that slabs be
“tension controlled” (sometimes termed “under-reinforced”), i.e. the resistance of the
section should be controlled by yielding of the tensile reinforcement rather than
crushing of the concrete. Adding compression steel is advised against, and accordingly
the RC Slab Designer assumes that all reinforcement specified is tensile.

The RC Slab Designer enables users to check that the slab is tension-controlled, by use
of the appropriate contour option. The plot is based on a ratio, the specifics of which
are detailed according to the Code of Practice, calculated at each node. If the slab is not
tension-controlled, reinforcement calculations may be unconservatively inaccurate.

SLS crack checking

Where a reinforced concrete slab is subject to a general set of bending and twisting
moments, it may be reasonably assumed that tensile cracks will form perpendicular to
the directions of principal moments.

Codes of Practice generally set out principles or rules in terms of cracking in beams,
where, by nature, the principal moments are aligned with the direction of the
reinforcement. Such methods can, however, be applied to slabs (where the principal
moments may not coincide with the reinforcement directions), with the crack assumed
perpendicular to the principal moment direction, using an equivalent area of
reinforcement. The equivalent area of reinforcement used by the RC Slab Designer is
that given by the expression attributed to Cope & Clark (1984):

J"!I-
2 E 4
A, & A cos"a;
i=1

Where:

A, = equivalent area of steel per unit width in the n-direction

326



RC Slab Designer

A = area of steel per unit width in the i-direction (of total N layers of steel)

a; = angle between the direction of ith layer of reinforcement and the direction
perpendicular to the crack

The equivalent area calculated using this expression is described by Cope & Clark as
being conservative for synclastic bending but unconservative for anticlastic bending.
However the alternative equation offered by the same authors gives singularities where
o ==£45°, and furthermore the equation above appears to give conservative answers
compared to the method of Jofriet & McNeice. It therefore is adopted for all crack
width calculations in the RC Slab Designer.

The crack widths calculated are therefore notionally measured in the direction of the
principal moment, based on an effective area of reinforcing steel which includes
contributions from the two reinforcement directions in the tension zone of the slab as
appropriate. That said, the reinforcement most nearly orthogonal to the crack (or widest
crack, if cracking occurs in two directions) must be identified as the “controlling”
direction. The “Controlled in x” and “Controlled in y” contours allow identifying
which bars to modify in order to most efficiently control cracking in the slab.

Code of Practice rules for crack widths in beams generally include a reduction in
consideration of the stiffening effect of tension carried by concrete that remains bonded
to the reinforcement in the tensile zone at small strains. However, where reinforcement
does not lie perpendicular to cracks, as has been described to be the case in slabs,
whether the “tension stiffening” reduction should be included is a matter of debate.
Cope & Clarke suggest that tension stiffening should be ignored completely when
principal moments act at a>25° to the reinforcement. The RC Slab Designer offers
crack check calculations with the tension stiffening component included, ignored
(conservative) or interpolated. The “interpolated” option scales linearly from 0%
tension stiffening at 0=25°, to 100% at 0=0°, and this is the default option.

In the case of crack-width calculations, it may be necessary to nominate a long-term
loadcase on the RC Slab Designer : Crack Width Calculation Setttings page, in
which case the active loadcase is used for additional short-term loading.

Viewing Results with the RC Slab Design Control
Dialog

When the RC Slab Designer is in use and when the Finish button is pressed on either
the Reinforcement Details page (for ULS Calculations) or on the Crack Width
Calculation settings page (for SLS calculations) an RC Slab Design Control dialog
appropriate to the settings made will be displayed. These dialogs provide buttons to
plot chosen results contours for a previously chosen Code of Practice.

The contours or values calculated and displayed are based on the active loadcase (or
combination), using the most recently set results transformation, and are re-computed if
a different loadcase is set active. Appropriate contour key values are automatically set
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by each RC Slab Design Control dialog option used. A button is also provided to re-
access the RC Slab Designer and change settings based upon results previously viewed.

The results components set by the RC Slab Design Control dialogs are explained in
detail below

RC slab Design Control RC Slab Design Control
—ULS calculations ——— —SLS calculations

Carmpotient Im
Bar sizes |

Steel areas |
Tengion contral |
Utilization |

RC Slab Design

Slab face Im
Contralled in = |
Controlled in |

b2 crack |
PazzFail |

RC Slab Design

Claze | Cloze |
Help | Help |

RC Slab Design Control dialog for ULS  RC Slab Design Control dialog for SLS
design design

ULS Reinforcement Design Contours

For Ultimate Limit State, and for each of the 4 layers of reinforcement, Mx(T), My(T),
Mx(B) and My(B), (where T' signifies Top of slab and 'B' signifies Bottom) the
following Slab Designer results components can be contoured:

U Bar sizes Assuming the spacing provided in page 2 of the wizard is to be used,
this contour indicates the minimum bar size required to obtain the steel area
described above.

U Steel areas Using the input provided through the wizard, this contour indicates
the minimum area of reinforcing steel per unit width required to obtain a
flexural resistance equal to the design Wood-Armer moment from the active
loadcase. The minimum area for both faces and both directions must be
provided for a safe design. The effective depth and lever arm used in the
calculations is, in each case, based on the bar size and other parameters
specified in page 2 of the wizard.

U Tension Control This contour indicates whether the slab may be regarded as
tension-controlled in respect of the current layer of reinforcement. This is
expressed using a ratio (the specifics of which are detailed according to the
Code of Practice) calculated from the reinforcement specified in page 2 of the
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wizard. Values <1 indicate that the slab is tension-controlled and thus the slab
may be regarded as ductile. Values >1 indicate that reinforcement calculations
may be unconservative; use of compression steel in slabs is not recommended
and so slab depth may need to be increased.

QO Utilisation Defined as the ratio of the design Wood-Armer moment from the
active loadcase to the calculated flexural resistance e.g. Mx(B)/Mrx(B). The
flexural resistance is calculated using the reinforcement specified on page 2 of
the wizard and is appropriate to the face and direction of the Wood-Armer
moment. Values <1 indicate that the reinforcement is adequate.

O RC Slab Design re-opens the Design Code Settings page of the slab designer.

Note: The RC Slab Designer can provide checks on flexural resistance based on
proposed reinforcement arrangements. In-plane effects are not considered. Where
overall compression or tension exists in a slab (modelled using shell elements), the
reinforcement requirements indicated by use of the Slab Designer will be inaccurate
and unconservative. Calculations for ULS shear resistance are not included.

Combining on: MX(B)
ULS (Min)
Contours of Steel Area (mm2im widh) for MX(B) Dire

Madmum 1.00066E3 at node 45 of element T
Minimum 0.0 at node 18 of alemant 6

"Top: Cover=20.0mm, Bar diamater in x =12mm, Bar diameter in ¥ =12mm"
"Bottom: Cover=20,0mm, Bar diameder in x =12mm, Bar diameter in y =12mm"

Typical ULS reinforcement contour plot

SLS Reinforcement Design Contours

For Serviceability Limit State the following Slab Designer results components are
available for the top face and the bottom face:
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U Controlled in X Whilst the crack widths are determined from principal
moments and do not necessarily correspond to a particular reinforcement
direction, the crack is considered to be controlled by the reinforcement to which
it is most nearly orthogonal, or, when the principal direction lies at an angle no
more aligned to either reinforcement direction, by the outermost reinforcement
layer. This contour reports the maximum crack widths controlled by the x-
direction reinforcement, enabling the user to identify if the maximum cracks
observed are best controlled by modifying x-direction steel.

O Controlled in Y This contour reports the maximum crack widths controlled by
the y-direction reinforcement, enabling the user to identify if the maximum
cracks observed are best controlled by modifying y-direction steel.

O Max Crack This contour indicates the maximum crack width calculated for the
face of the slab in question. The crack width reported is the width perpendicular
to the crack, which may not be orthogonal to the reinforcement provided.

O Pass/ fail This contour indicates how the maximum calculated crack width
compares to the allowable crack width specified on page 3 of the wizard.

U RC Slab Design re-runs the slab design wizard

Code of Practice crack width formulae are generally invalidated when certain stress
limits are exceeded. Therefore, although stresses are not output in contour form, they
are calculated by the Slab Designer and if the calculated values exceed codified limits a
message box will report the maximum value.

Note: The RC Slab Designer can provide calculation of design crack widths in top and
bottom faces for proposed reinforcement arrangements. As for ULS reinforcement
design, in-plane effects are not considered. The crack widths indicated by use of the
RC Slab Designer will be inaccurate where overall compression or tension exists in a
slab, and unconservative. SLS deflections and curvatures are not calculated.

General Results Processing

When the RC Slab Designer is in use, most RC Slab Designer results components can
also be accessed via the contour layer's Contour Properties dialog. The results
components are accessed from the RC Slab Design Entity but note that the Contour
Range values are pre-set by the RC Slab Designer and may require manual adjustment.

When the RC Slab Designer is not in use, general results processing (such as plotting
displacements, forces/moments, stresses etc) can be carried out, however no access to
the slab designer-specific results components is provided.
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Crack Width
Calculation to EN
1992-1-1

Overview

The Crack Width calculation facility is accessed using the Bridge / Civil> Crack
Widths to EN 1992-1-1 menu item. This is provided in selected Bridge and Civil &
Structural software products only. It enables plotting of contours of design crack widths
in accordance with the EN 1992-1-1 design code. The calculations carried out are for
reinforced concrete structures that are modelled using the Smoothed Multi Crack
Concrete Model (Model 102), that have steel reinforcement modelled with
reinforcement attributes, using a linear steel material model.

See Crack Width Calculation Methods Available for other crack width calculation
options.

Using the Crack Width Calculator

Prior to obtaining results from the Crack Width Calculator, a 2D or 3D model
containing lines assigned with bar reinforcement attributes and meshed with bar
elements must have been created, loaded and solved. Loadcases considered and load
combinations created should include those appropriate to the calculations to be carried
out.

Running the Crack Width Calculator provides access to the Crack Width parameters
dialog.
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Crack Widths to EN1992-1-1

—Crack width parameters

Coefficient for laad duration (K] 0.5
Coefficiert for bond properties (K1) IU.S

Coefficient for strain distibution [K.2] I'I A

Coefficient for cover influence [K3)

[l |34 by oo [e) o0
Coefficient for bar diameter (k4] IU.425

[ Include effective concrete area checks

Section height IU.U

v Dizplay summary an screen

Defaults | (] 4 I Cancel | Help |

Crack Width Control dialog for EN 1992-1-1

Coefficients to be stated

U Coefficient for load duration (kt) a factor dependent on the load duration, (EN
1991-1-1:2004 equation 7.9)

U Coefficient for bond properties (k1) takes account of the bond properties of
the bonded reinforcement, (EN 1991-1-1:2004 equation 7.11)

O Coefficient for strain distribution (k2) takes account of the distribution of
strain, (EN 1991-1-1:2004 equation 7.11)

U Coefficient for cover influence (k3)Coefficient controlling the influence of
cover on crack spacing. (EN 1991-1-1:2004 equation 7.11). In clause 7.3.4(3),
ks is an NDP. It requires special treatment for some nations and is taken to be of
the form:

= kzE zC
kg = kay-0%E.c,,

where generally ksg>0 and k3c<0. For most nations, k3s=3.4, k3g=0 and kzc=0,
but defaults are set as appropriate to the National Annex. This equation
accommodates the requirements of the two national annexes that account for
cover and bar diameter.

U Coefficient for bar diameter (k4) controls the influence of bar diameter on
crack spacing, (EN 1991-1-1:2004 equation 7.11)

Note that the distribution of strain is considered to be accounted for in the nonlinear
concrete model and therefore it is recommended that k2=1.0
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Effective concrete area checks

The effective depth of concrete is limited by EN 1991-1-1 to less than or equal to half
the beam depth or to one third of the depth minus the neutral axis. Due to the nature of
the analysis the location of the neutral axis is unknown and therefore this check cannot
be carried out. The option to limit the effective concrete height to half the section
height is provided and for this the section height must be entered manually. The default
approach to neglect the check is considered conservative.

Display summary on screen
The option to display a summary of crack width information is provided.

Ignore thermal strains

In coupled (Structural and Thermal) analyses steel strains include both temperature and
mechanical strains. In calculating the crack widths it is generally only the mechanical
strains that are of interest. The option to ignore thermal strains should therefore be used
in coupled analyses when crack widths are to be calculated based on the mechanical
steel strains only.

Calculate crack widths for strains less than the concrete limit

It is assumed that cracking only occurs when the tensile strain limit of the concrete is
exceeded. This assumption can be overridden and theoretical crack widths calculated
for concrete strains less that the theoretical cracking strain by selecting this option.

Results displayed

Crack width contours are plotted along the bar elements (actually on the surface of the
fleshed bar section) corresponding to the steel strains used in the calculation, and not
on any concrete face or surface in the model. They are plotted for an active loadcase (or
combination) and are re-computed if a different loadcase is set active. This
visualisation method is used because the approach to calculating crack widths in EN
1991-1-1:2009 is generally unclear as to where the crack width calculation applies.

Crack width information can be plotted for the Contour and Values layers as
components of Maximum Crack Width under the Crack Widths EN1991-1 entity.
These settings are automatically made when the Crack Width calculation facility is
used.

A Crack Widths Control dialog provides an easy means of returning to and changing
the crack width calculation parameters used.

A typical crack width contour plot for a 2D plane strain model is shown below.
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Analysis: Analysis 1

Loadcase: 6:Loadcase 1, Increment & Load Factor = 15000.0

Results file: nl_beam_102_with_16mm_bar_attributes_linear_steel~Analysis 1.mys
Entity: Crack widths EN1992-1-1

Component: Maximum Crack Width (Units: mm)

0.0
0.0117178
0.0234355
0.0351533
0.0468711 1
0.0585889
0.0703066 — 1 I I
0.0820244 T

0.0937422

Hibdyl

Maximum 0.10546 at node 2 of element 31 Crack width calculation summary
Minimum 0.0 at node 1 of element 1 Attribute: two 16 dia bars, max crack spacing = 185.3mm, max crack width = 0.105348mm

Notes

All calculations are based upon EN1992-1-1 clause 7.3.4.

Crack width calculation to EN1991-1-1 can only be carried out using this utility
when a nonlinear concrete material, that has a concrete tensile strength, such as
Smoothed Multi Crack Concrete Model (Model 102), is used, bar reinforcement
is modelled with reinforcement attributes, and a linear steel material model is
used to represent the steel reinforcement. This is because of the steel strains
used in the calculations.

Crack width calculation relies on attributes being assigned to geometry and
available during calculation so the menu item is disabled and not available
when only a results file is loaded.

If reinforcement attribute values are changed the model must be re-solved prior
to running the Crack Width calculation facility.
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Load Combination Wizards

Load Combination
Wizards

Overview

In addition to Basic or Smart load combinations that can be defined for any design
code, loading combinations can be defined using load combination wizards for the
BD37/88, BRO or the Korean Highway codes.

Load combination wizards should only be used in conjunction with a corresponding
predefined load template. Load templates are selected from the New Model dialog and
predefine the possible characteristic loadcases. Loads are assigned to these
characteristic loadcases and the combination generator then combines these loadcases
and creates load combinations to give the resultant maximum and minimum ULS or
SLS loadcases in accordance with the chosen design code.

Notes:

o If a model exists which has not been created from the appropriate startup
template all loading should be removed and the loadcases should be defined
using the vbs file <Code>Loadcases.vbs which is located in the \<Lusas
Installation Folder>\Programs\Scripts\Treeview directory.

e The loads should be applied to the model as un-factored loads as the load
factors are placed into the combination automatically by the combination
wizard in accordance with the code. The factors taken into account within the
combinations are those stated within the appropriate code.

e The use of bridge load combinations is described in the BRO Slab Analysis
example. See the Application Examples Manual for LUSAS Bridge.

BD37/88 Combinations

The BD37/88 combination wizard allows combinations to be generated in accordance
with the UK Highways Agency Department Standard BD37/88. In order to use the
combination wizard a model must have been created using the BD37/88 startup
template, with loads assigned to the required loadcases as named in the template. The
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factors taken into account within the combinations are those stated within Table 1 of
BD37/88.

BD37/88 Combination Wizard

Wwelcome to the BD37 /88 combination wizard

To begin to generate a BD 37788 combination, chooze which combination you require and
click Mext o continue.

— BD37/88 Combination options

Flease select types of combination required. & LLS ¢ oLs
Include additional load factor, Gamma [3 of 1.7 in the final resultant l_
" Combl ¢ Comb2 & Comb3 " Combd ¢ Comb5

et = Cancel Help

To use the combination wizard:

e Specify which limit state combination is required, ULS (Ultimate Limit State)
or SLS (Serviceability Limit State)

e Specify if the additional factor Gamma f3 is to be included in the final
combination. This should only be used for concrete structures designed to
BS5400 part4.

e Specify the combination required.

BRO Combinations

The BRO combination wizard allows combinations to be generated in accordance with
the Swedish Highways Agency Department Standard BRO. In order to use the
combination wizard a model must have been created using the BRO startup template,
with loads assigned to the required loadcases as hamed in the template. The factors
taken into account within the combinations are those stated within BRO.
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BRO Combination Wizard

Welcome to the BRO combination wizard

To beqin to generate a BRO combination, chooze which combinatian you require and click
Mext o continue.

— BRO Combination options

Pleaze zelect twpe of combination required.

C Combl  © Comb2 ¢ Comb3 & Combdd ¢ Comb4B © Comb5&

" Comb58 ¢ Comb5C ¢ CombE ¢ Comb? ¢ Comb® ¢ Comb9d

MHurmber of variable loads to be included in the combination I 4 ﬂ
=

Set defaults | Mewt > Cancel | Help |

To use the combination wizard:

e Specify the combination required.

o Specify the number of variable loadcases to be considered in the variable
loadcases combination.

Korean Highway Code Combinations

The Korean combination wizard allows combinations to be generated in accordance
with the Korean Highways code. In order to use the combination wizard a model must
have been created using the Korean (Bridge) startup template, with loads assigned to
the required loadcases as named in the template.

The factors taken into account within the combinations are those stated within the
following Table:
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Combination Name Loading Combination and factors

U=1.3D+2.15(L+1)+1.3CF+1.7H+1.3Q

U=1.3D+1.7H+1.3Q+1.3W
U=1.3D+1.3(L+I)+1.3CF+1.7H+1.3Q+1.3(0.5W+WL+BK)
U=1.3D+1.3(L+l)+1.3CF+1.7H+1.3Q+1.3G
U=1.25D+1.65H+1.25Q+1.25W+1.25G
U=1.25D+1.25(L+I)+1.25CF+1.65H+1.25Q+1.25(0.5W+WL+BK)+1.25G
U=1.0(D+H+Q+E)

U=1.3D+1.3(L+1)+1.3CF+1.7H+1.3Q+1.3CO

© 00 N o g A~ W N P

U=1.2D+.55H+1.2Q+1.2CO
Special load 1 U=1.3D+2.85(L+I)
Special load 2 U=1.3D+1.3(L+I)+1.3CF+1.7H+1.3Q

Korean Combination Wizard

YWelcome to the Korean combination wizard

To begin to generate a Korean combination, chooze which combination you require and click
Mext bo continue.

— Korean Combination options

Pleaze zelect type of combination required.

& Comb1 ¢ Comb2 ¢ Comb 3  Comb4 ¢ Comb5 ¢ Combf

C Comb? ¢ Comb® ¢ Combd " Special load 1 " Special load 2

— Combination 1 options

&+ Standard design ¢ Outer girder design " Concrete slab design

Set defaults | et = Cancel Help

To use the combination wizard:

e Specify the combinations required.
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e If Combination 1 is being considered specify which of the three options is
required; Standard design, Outer girder design or Concrete slab design.

339



Application Manual (Bridge, Civil & Structural)

340



Exporting data for use with the Steel and Composite Deck Designer

Exporting data for
use with the Steel
and Composite
Deck Designer

Overview

By using the Bridge> Composite Deck Designer (PontiEC4) ... menu item relevant
LUSAS model file and results data for a selected analysis and for pre-selected elements
(see above) can be exported for use in the Steel and Composite Deck Designer software
option. In exporting the forces and moments LUSAS will use the Dataset name of the
assigned geometric attribute to determine if the section is cracked (see below). The
Analysis from which the geometric features are to be used must be specified in the
Analysis selection dialog before the main export dialog is launched.

Prior to exporting data from LUSAS a model must be solved and the beam elements for
which forces and moments are to be exported should be selected. The selected elements
should coincide with the sections (or changes of section) at which design checks will

be undertaken in the Steel and Composite Deck Designer. The forces and moments will
be exported for the first and last Gauss point of each element.

Selected Sections

The sections listed on the Selected Sections page of the dialog are based upon the
elements selected prior to selecting the Bridge> Composite Deck Designer... menu
item.
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Export Forces and Moments

Loadcase Detail:  Selected Sections I

Section Mame | Element Gauss Point Cracked |~
0 3 1 Trug

D_3 11 2 1 True

D_4.1 4 1 True

D_4.11 4 1 Tiue

CA51 5 1 True

C_ 511 5 1 True

C71 7 1 False

C_7_11 7 1 False

C a1 g 1 True

C_ 3.1 8 1 Tiue

C_10.1 10 1 False

C_10.11 1o 1 False e

BE_13.1 13 1 False

E_13.11 13 1 False

E_16.1 18 1 False

E_18_11 18 1 False

E_211 21 1 False

E_21_11 21 1 False

E_301 20 1 False

E_30_11 30 11 False ]

Open Save | ok Cancel Apply Help

Notes

For each selected element in the model , the table defines two sections,
representing the first and last Gauss points. Each section has the following
information: section name, element name (number), gauss point number,
section name, and cracked/uncracked section status.

Section names are created from: “[Segment Name]+“ "+ “[Element
number|+“_"+[Gauss Point Number]

The segment and the phase name are derived from the assigned geometric
attribute, by splitting the attribute name on the double underscore separator

“ 7. For this reason the cross-section geometric properties in the LUSAS
model should have a name that follows this standard: [Segment Name] +”_ "+
[Phase name]; furthermore the phase name should be: {F1, F2a, F2b, F3a, F3b,
cracked}.

The cracked status of the section is a Boolean value taken as true when the
phase name is “cracked” and false otherwise.

Forces and moments will be exported for each of the sections listed and for each design
combination and construction phase selected on the Loadcase details page.
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Loadcase Details

On the Loadcase Details page of the dialog the loadcase combinations defined within
LUSAS are associated with design limit states and phases defined in the Steel and
Composite Deck Designer. For each mapped Smart Combination, maximum and
minimum values will be exported for each of the selected force components. This
allows the maximum design values to be computed accounting for all relevant load
factors. The shrinkage/thermal coefficients will be exported for all non-cracked
sections (see below).

Loadcase Details I Selected Sections I
i Loadcase Mapping
Basic / Smart combination Loadcases for export
Btgigbzgzm:m:ﬁ:z:;a d D|—_[FZSI:§:!W[ SEE = Loadcase gleastLgn S Phase =
pa-Fundamental Fhasech ULS_Fundamental_Phase1 ULS Funda.. =l Prass1 x|
UL5_Fundamental_Phase3hb Phase ULS_Fundamental_PhaseZa ULS Funda... =| Phase 2a (=]
g\Eg_gparacteris_tic_gnase; [Phase 30 =] ULS_Fundamental PhaseZb ULS Funda.. = Phase 2b (=]
et R ULS_Fundamental_Phaseds ULS Funda.. =] Phase 3a L=
SL5_Characternistic_Phaseda 35 UILS_Fundamental_Phase3b ULS Funda.. x| Phaze 3b =]
215 Lharacterislc_Phasel . SLS_Characteristic_Phasel 5LS Charac... x| Phass 1 [=]
SLS_F:QE:::_En:i;a SLS_Charactersitic_PhaseZa 5LS Charac... = Phase 2a (=]
SLSZFfEEUEHCPhESe?h = # 515 Characteaistic Phesech 216 Thacer. i Phace 2 112
—Shrinkage and Themal Coefficients Erport data
uLs SLS File name
Shrinkage ljg— IT IS.\paulb\PUntiEC4_Mu|mna\ysisExamp\e\Eridge xls _I
Component to maximise / minimise
Themal [ [1.5 CF [Fy WF [Me Ry M2
Open | Save | 0K Cancel Apply Help
Notes

e To map a Basic or Smart combination select it in the left hand panel, choose a
Design limit state and a Phase from the drop-down lists provided, and click the
>> putton to add it to the Loadcase for Export grid on the right.

e Shrinkage and Thermal Coefficients can be defined for the Ultimate Limit
State and Serviceability Limit State. The thermal and shrinkage coefficients are
used by the Steel and Composite Deck designer in calculating the primary
effects due to shrinkage and thermal actions in uncracked sections only
(identified by the word 'False" in the cracked column of the Selected Sections
Table). The hyperstatic (secondary) effects are determined from the LUSAS
analysis. These same factors should therefore be specified separately in the
relevant LUSAS smart combination

e Component to maximise / minimise are the components that will be

considered in the smart combination
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Saving and re-using defined data

e The Save button saves all Defined Loadcase Details and Selected Sections data
to a input file with a .inp extension.

e The Open button will allow a previously saved input file to be chosen and re-
populate the dialog pages with the data in that file.

Exporting data

e Assembled data can be exported into a spreadsheet for use by the Steel and
Composite Deck Designer by pressing the OK button. The ellipsis button can
be used to change folder and filename. Typical output is shown below.

i 2 3 4 5 6 T/ 8 9 10 1 12
1 |Ponti EC4 N v T M
2 Section " Element GaussPt Component” Phase Fx Fy Fz Mx My Mz 1w
3|D31 3 1 Fz (Max) Phase 1 42940E+04 1.7073E+02 2A4724E+06 -1.0750E+02 24513E+07 6.1363E+02
4 D3I M 3 11 Fz (Max) Phase 1 4.2940E+04 1.7073E+02 24878E+06 -1.0750E+02 26684E+07 7.6307E+02
5 D41 4 1 Fz (Max) Phase 1 = 4.2938E+04 2.2986E+01 2.2245E+06 -1.0540E+02 1.7175E+07 2.7736E+02
6 D411 4 11 Fz (Max) Phase 1 = 4.2938E+04 2.2986E+01 2.2496E+06 -1.0540E+02 2.0361E+07 3.1009E+02
7|C51 5 1 Fz (Max) Phase 1 42938E+04 22986E+01 2 1242E+06 -1.0164E+02 14620E+07 24973E+02
8 |C5H5M 5 1" Fz (Max) Phase 1 = 4.2938E+04 2.2986E+01 2.1392E+06 -1.0164E+02 1.7182E+07 2.7736E+02
9 |CT71 7 1 Fz (Max) Phase 1 = 4.2933E+04 5.1090E+00 1.8640E+06 -1.1520E+02 8.4254E+06 2.1987E+02
10 C7 11 7 11 Fz (Max) Phase 1  42933E+04 51090E+00 1.8745E+06 -1.1520E+02 9.9922E+06 2 2416E+02
11/C_8_1 8 1 Fz (Max) Phase 1 4.2933E+04 5.1090E+00 1.9395E+06 -1.1520E+02 9.9922E+06 2 2416E+02
2zcesn 8 1 Fz (Max) Phase 1 = 4.2933E+04 5.1090E+00 1.9539E+06 -1.1520E+02 1.2254E+07  2.3009E+0;
44| us 515 Characteristic - 5LS Frequent - Fatigue - Model Info < ¥ i m e

The output file can be read directly into the Steel and Composite Deck Designer to
carry out section design checks.

The Composite Deck Designer

The Composite Deck Designer is a software option that carries out comprehensive
calculations for multiple sections on steel/composite bridge decks to the Eurocodes,
allowing otherwise time-consuming and error-prone manual design calculations to be
carried out efficiently. Force and moment results for selected bridge deck elements are
provided by LUSAS and loadcase combinations defined within LUSAS are associated
with design limit states and phases defined in the Composite Deck Designer.

Design calculations covering ULS bending, stress, shear and interaction; SLS stress,
web breathing and cracking, and fatigue checks for main members and connectors are
supported in the Composite Deck Designer. Multiple sections with different properties
(haunches, stiffeners, etc) can be considered. Results, output in tabbed dialogs, visually
show values that pass or fail. Graphs and a report containing all input data and output
with references to the Eurocode clauses can be easily created.

Design checks for a number of construction phases are supported:

e Phase 1 — Self weight
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e Phase 2a — Permanent loads

e Phase 2b — Concrete Shrinkage

e Phase 2c — Imposed deformations/prestressing

e Phase 3a— Thermal actions

e Phase 3 b — Traffic loads
For each construction phase design checks are made for each of the following
combinations:

e ULS Fundamental — EN 1990 6.4.3.2 (3)

e SLS Characteristic — EN 1990 6.5.3 (2a)

e SLS Frequent — EN 1990 6.5.3 (2b)

e Fatigue — EN 1992-1-1 6.8.3

See Exporting data for use with the Composite Deck Designer.

Additional information
For more details on the Composite Deck Designer visit the LUSAS website here.
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Frame Results

Frame Results

Overview

The Frame Results processor (currently for restricted use only) allows the automatic
tabulation of results for 2D and 3D frames to Microsoft Excel. Results from all
loadcases, envelopes, basic combinations and smart combinations are output into a
formatted spreadsheet for the parts selected.

To use

In order to use this facility the model must consist of 2D or 3D engineering thick
beams (BEAM, BMS3 and BTS3 elements). In addition, only straight lines or
combined lines containing only straight lines with these elements can be post-processed
at present. Models can contain arcs and splines but results for these parts cannot be
extracted using this facility.

Multiple straight lines can be selected for processing but should not contain any
branching or closed loops. The lines will be grouped into line sets governed by their
connectivity and output to the spreadsheet. For each line set a separate table and page is
generated in the spreadsheet.

In addition to the results, Quality Assurance information about the LUSAS analysis is
included at the top of each page along with a logo. The logo is defined by the
report_logo.bmp bitmap image in the \<Lusas Installation
Folder>\Programs\Scripts\User directory. This logo can be replaced to allow your
own company logo to be automatically included on the spreadsheet.

The results can be output as individual line fractions (the default) or as chainage
distances from the start of the first line in the selection to the end of the last line.

Limitations:

e Ensure that only post-processing beam elements is done when using this facility

e Only 2D or 3D thick engineering beam (BEAM, BMS3 and BTS3) elements are
supported
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e Output is only generated at the end nodes of the beam elements and may omit
peak results and / or discontinuities of forces / moments that occur within
elements due to internal beam loads.

e Output is reported in the Microsoft Excel Spreadsheet as values at each mesh
node and these are stated at fractional distances along the parent line feature.

e Only straight lines or combined lines containing only straight lines are
supported

e Only asingle results file is supported
e Only Microsoft Excel is supported

e For outputting by line fractions the order of the output is moments followed by
forces instead of the normal forces then moments based upon user requests.
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