Description

RC Frame Design to
EN 1992-2

For LUSAS version: 19.0

For software product(s): | LUSAS Civil & Structural or LUSAS Bridge.

With product option(s): RC Frame Design

Note: This example exceeds the limits of the LUSAS Teaching and Training Version.

Description

This example concentrates on the design of the reinforced concrete members of a
pedestrian bridge in accordance with EN 1992-2:2005. Values for Nationally
Determined Parameters (NDPs) are taken from the UK National Annex.

The bridge consists of a 3-span reinforced concrete deck of box section. The central
span is 25m and the end spans are 14m. A pier is provided at each end of the central
span. The piers are 6m high, hexagonal in shape and tapered. The concrete is grade
C40/50 and the reinforcement is grade 500B throughout. Vertical support is provided at
each end of the bridge. To concentrate on the definition of beam reinforcement and
frame design no diaphragms in the deck are modelled.
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In addition to the self-weight of the concrete deck and piers, the following loads are
included:

e Superimposed dead load of 6kN/m to the deck
e Live uniform load of 20kN/m to the deck

e Service vehicle load consisting of two axles 3.0m apart with loads of 115kN and
65KkN to the axles

e Horizontal load of 108kN (applied with either the live uniform load or the
service vehicle load)

The live loads are based on Groups of loads grl and gr2 for footbridges to the UK
National annex to EN 1991-2:2003.

Units used are kN, m, t, s, C throughout.

Objective
O To carry out design checks to a selected design code and confirm suitability of
concrete member sizes and reinforcement details.
Keywords

3D, Frame, Concrete, Steel — Reinforcing bar, Reinforcement, Design code checks,
Eurocode 2, EN 1992-2, Design Member, Design Attribute, Load Combinations,
Enveloping, Member Utilisation Ratio, Reporting

Associated Files

U rc_frame_bridge_preliminary.mdl Model of the bridge excluding any
reinforcement details. Open and use this model if you do not wish to follow all
the modelling steps described in this example. See below for details.

U rc_frame_bridge_modelling.vbs carries out the entire modelling of the
example, including defining reinforcement details. This file is for use where
stated in case of user errors in preparing the model for a design check.

Running LUSAS Modeller

For details of how to run LUSAS Modeller, see the heading Running LUSAS Modeller
in the Examples Manual Introduction.

Choose your modelling method

This worked example provides you with the choice to:
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O Use a supplied model - where all the modelling steps described in this example
have been completed, with the exception of defining reinforcement details. Use
this option if you only wish to see how to define reinforcement and carry out a
design check, or:

O Create a new model — where all modelling steps as described in this example
should be followed to build and save the model in preparation for defining
reinforcement details.

Using a supplied model

Open the read-only file rc_frame_bridge _preliminary.mdl located in the \<LUSAS
Installation Folder>\Examples\Modeller directory.

Depending upon your access rights it may be necessary to copy this file to another
folder before it can be opened, and remove the read-only protection before it can be
saved to the new folder. Once opened:

The bridge model that is ready for defining member reinforcement will be displayed.
e Save the file as \<LUSAS Installation Folder>\Projects\rc_frame_bridge
e Save the model into this new folder as rc_frame_bridge
e Continue from the section in this example titled “Defining member

reinforcement”

Creating a new model

Note. This example is written assuming a new LUSAS Modeller session has been
started. If continuing from an existing Modeller session select the menu command
File>New to start a new model file. Modeller will prompt for any unsaved data and
display the New Model dialog.

e Enter the file name as rc_frame_bridge

e Use the Default working folder.

e Ensure an Analysis type of Structural is set.
e Set the Analysis category as 3D

e Change the model units to kN,m,t,s,C

e Ensure that timescale units are Seconds

e Ensure the Layout grid is set as None

e Enter the title as RC Pedestrian Bridge Design
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|Line

| By Coords...

| Geometry

[ Line

~ [By Sweeping...

| Attributes

|[Mesh
| Line...

| Attributes

|Mesh
| Line...

e Click OK

Feature Geometry

e Enter coordinates of (0,0,6), and using the Tab key to move to the next entry
field on the dialog enter additional points of (14,0,6), (39,0,6) and (53,0,6) to
define the deck. With all the coordinates entered click the OK button.

e Select the two internal points on the deck.

e Enter a distance of -6 in Z direction
and click OK to create the piers.

This completes the geometry definition for
the bridge.

@l Select the isometric button to view the
frame in 3D.

Meshing

For the deck members a standard thick beam line mesh is used.
e Select Thick beam, Linear elements.
e Enter the attribute name as Thick Beam and click OK.

e Select the three lines defining the deck, and drag and drop the mesh attribute
Thick Beam from the 63; treeview onto the selected features and click OK.

One way to model the distance between the top of the piers and the centroid of the deck
is to define a rigid zone for the start of the line mesh, of a length equal to the distance
(0.8m — as shown later in the example) from the centroid of the box section to its
connection with the pier.

e Select Thick beam, Linear elements, press the End Conditions button and
select the Rigid Zone tab,




Modelling

e Specify a rigid zone length of | LineMeshEnd Conditions =l
0.8 and for the End of line un- | [endreleases| Rigid zone
tick the Same as start of line Start of line EDndof"ne
. Fli
checkbox. Ensure None is same s startofne
selected and click OK. - fone @ tone
@ Spedfied length 0.8 _) Specified length | 1.0
e On the main line me;h dialog 7 Beam fookumn [ speciy... | | @ Beam  colum
enter the name as Thick Beam
ngld End and C“ck OK Rigid zone factor 1.0 Rigid zone factor 1.0
[Tl incude mass [ tnclude mass
0K J { Cancel ] l Help

e Select the two lines defining the
piers, and drag and drop the
mesh attribute Thick Beam
Rigid End from the &b treeview
onto the selected features and
click OK.

Defining cross-sectional properties

To define the deck box section

[ Tools e Ensure the Simple section type is selected and enter values as shown on the
Section Property following dialog.
Calculator >
Box Section
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Section Property
Calculator

| More sections

Hexagonal

>

Solid...

Box Section Property Calculator @

Type
@ Simple section Exdude void

Complex section

Cell details
Number of cells 1

= + +
0.0 ¥
t it / x
Box section dimensions
H Tw ] T /
Ho1Es 0.0 l
Wb 0.75 Tb 0.2
Th ¥b
Wt 1.2 Tt 0.2
0.0 Tw 0.2
Wh—»
Cantilever slab dimensions
—— W ——— Wt —n

we 10 Tcl 0.2
Extra points locations Calculated properties

Tc2  0.125 A 1.49205

Do 0.294294

Mumber of extra points
0 i Iyy 153212
[} . Ixy 0.0

] 0.540736

Asy 0.346535

Asx  1.05384

yt  0.449187

Name | Deck [ Losdsecton.. | [ Clearinputs | yo 0.800813

@ Add to local library
Add to server library

| Create geometry... || Section details... ‘

[ OK ] | Cancel | | Apply | | Help |

Note the value of yt equals 0.45. This is used to calculate the distance at which
horizontal vehicle loading should be applied later in the example.

e Enter the name as Deck

e Click the Section details... button to see the section that will be created and the
additional properties calculated by the values entered.

o Click Close to return to the main dialog.

e Ensure Add to local library is selected and click OK.

To define the hexagonal pier sections

The piers vary in section size from top to bottom, so two section sizes must be defined.
e Enter 0.8 for distance D.
e Click in the name and the name HSS D=0.8 will be automatically created.

e Ensure Add to local library is selected and click Apply.
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>
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Section...

>

e Enter 0.55 for distance D, click in the Name field to update the name and click
OK to add HSS D=0.55 to the local library.

Add sections to the Attributes treeview

All required section properties have now been defined and saved in the local user

library. The sections must now be added to the & treeview before they can be assigned
to the model.

Adding deck section to the Treeview
The standard sections dialog will appear.

e Click on the drop-down list button to change the selection from UK Sections to
User Sections.

e Ensure a Local library is being accessed.

e Click on the drop-down list button and select Deck from the list of local library
items.

e Enter an attribute name of DeckNominal and click OK.

Adding pier section to the Treeview

The pier section will be used to define a tapering member as follows:

e In the ‘Properties for end 1
of line’ panel, click on the
drop-down list button to
change the selection from
UK  Sections to User

Sections °‘;T:-"“"i:1:; : :
o Tee—— ( ,J 2l

e Ensure a Local library is —
being accessed.

Properties for end 1 ofine Properties for end 2of lne
User Sections v | user Sectins

Local v [Loeal

Hs50-0.8 v [msso-n.s5

e Click on the drop-down list
button and select HSS
D=0.8 from the list of local - _
library items. — — — —

e In the ‘Properties for end 2
of line’ panel, click on the ) (i) [t [t
drop-down list button to change the selection from UK Sections to User
Sections for Properties for end 2 of line.

e Ensure a Local library is being accessed.
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Click on the drop-down list button and select HSS D=0.55 from the list of local
library items.

For the Vertical alignment ensure that Centre to centre is selected.
For the Horizontal alignment ensure that Centre to centre is selected.

Enter an attribute name of Pier and click OK.

Assigning the geometric line properties

Select the two lines representing the piers
and drag and drop the Pier geometric line

attribute from the & treeview onto them. '

If necessary, press the ﬂ button turn on
the fleshing. '

Select the three lines representing the
deck, then drag and drop the
DeckNominal geometric line attribute

from the e?b treeview onto them.

Material Properties

Select material type Concrete, region Europe, standard EN1992-2:2005 and
grade C40/50. Leave the name set as Isol and click OK to add the material

attribute to the & Treeview.

Select the whole model and drag and drop the material attribute 1sol (C40/50
Concrete EN1992-2:2005) from the &b Treeview onto the selected Surfaces.

Supports

Select Fixed for Translation in Z. Enter the name as Fixed Translation Z and
click Apply.

Change the Translation in X and Y to Fixed and enter the name as Fixed
Translation All and click OK.
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| Loading...

e Pressthe ﬂ button to turn off the fleshing.

e Select the point at each end of the end t
spans of the bridge deck, then drag and
drop the Fixed Translation Z support f

attribute from the & treeview onto the
selected features.

e Select the two points at the base of the
piers, then drag and drop the Fixed T
Translation All support attribute from

the e&: treeview onto the selected features.

e Click in a blank part of the view window to deselect all points.

Defining the Loading

EN 1991-2:2003 requires two load types (grl and gr2) to be considered in addition to
self weight. Load type grl comprises a uniformly distributed load and a horizontal force
component, and load type gr2 comprises a service vehicle load and a horizontal force
component. The horizontal force to be applied in both cases is the larger of either 10%
of the total UDL on the footbridge or 60% of the service vehicle load, which in this
example is the greater. Separate loading types are defined for each loading condition.
These are then combined at the results processing stage.

Self weight

¢ In the Structural panel select Body Force and click Next.

e Enter a value for Linear acceleration in Z of -9.81. Change the name to Self
Weight and click Finish.
Distributed load

¢ In the Structural panel select Global Distributed and click Next.

e For the surfacing load, select Per unit length and enter a value in Z Direction of
-6. Change the name to Superimposed Dead and click Apply.

e For the pedestrian loading, change the value in Z Direction to -20. Change the
name to Live Vertical and click Finish.

Service vehicle load

The service vehicle load model as defined in the EN 1991-2:2003 UK National Annex
is adapted for use on this beam model. The specified axle loadings of 115kN and 65kN
are defined for only two points, 3m apart, specified about a mid-point origin.
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| Loading...

In the Discrete panel select Point and click Next.

In the first line of the grid enter the following values for X, Y and Z
respectively: -1.5, 0.0 and 0.0. Enter a value of -115 in the load column.

Press the tab key to add a new row to the grid and enter the following values for
X, Y and Z: 1.5, 0.0 and 0.0. Enter a value of -65 in the load column.

Change the name to Accidental Vehicle and press Apply.

Horizontal component

The horizontal loading force required is defined in an untransformed load direction.

Change the Untransformed load
direction to X so that the loading
will apply along the axis of the
beam.

Ensure the Project in load
direction option is unchecked.

The X component and Y
component should both be set to
0. The Z component should be
setto 1.0.

Change the X value on the first
row of the table to 0 and the load
to be 108 (60% of the service
vehicle load).

Point =
Analysis category 30
Untransformed load direction  Projection vector
@ Arbitrary @x xvz Projectin load direction
= Project for prestress
Grid  x |0 ¥ Surface normal ’ .
v X component 0.0
‘ ¥ component 0.0
Z component 1.0
I X Y z [ Load |
1] 0.0 0.0 0.0 1080
7]
Name  Live Horizontal - = (3

Click on row 2 of the table and press the Delete key to remove this row.

Change the name to Live Horizontal and click Finish.

Assigning the Loading

The loading now needs to be assigned to the spans. This is done to a limited extent to
develop the most adverse effects.
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Self weight
o In the /2! treeview right click on
Loadcase 1, select the Rename /
option and change the loadcase

name to End spans SW.

Select the two end spans, then
drag and drop the structural

loading attribute Self Weight
from the &b treeview onto the .~ A
selection. Click OK.

Select the central span and both piers, then drag and drop the attribute Self

Weight from the &b treeview onto the selection. On the Loading Assignment
dialog over-type a new loadcase name to be Central span SW and click OK.

Superimposed dead load

Select the two end spans, then drag and drop the attribute Superimposed Dead

from the & treeview onto the selection. Over-type to change the loadcase name
to End spans SDL and click OK.

Select the central span, then drag and drop the attribute Superimposed Dead

from the &b treeview onto the selection. Over-type to change the loadcase name
to Central span SDL and click OK.

Live load

Select the two end spans, then drag and drop the attribute Live Vertical from the

& treeview onto the selection, Change the loadcase name to End spans grl and
click OK.

Select the central span, then drag and drop the attribute Live Vertical from the

& treeview onto the selection. Change the loadcase name to Central span grl
and click OK.

Select the point at the top of the left hand pier, then drag and drop the attribute
Live Horizontal from the &b treeview onto the selection. Ensure that the
Project onto line option is chosen and the loadcase Central span grl is
selected. Click OK.

Service vehicle load

A moving load analysis would normally be carried out to find the worst—case loading
position of the service vehicle for the end span, pier and central span locations. But for
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this example, the mid-span location of the end span, and two defined locations on the
central span will be used.

Note. To comply with EN1991-2:2003 the service vehicle load needs to be applied at
pavement (top of surfacing) level. This would be at a distance of 0.45 (distance from
centroid to top of deck) + an allowance for (0.1) = 0.55m above the line representing
the box section, which itself was defined at a Z coordinate of 6m, resulting in a value of
6.55m.

e Enter coordinates of (7,0,6.55) and using the Tab key to move to the next entry
field on the dialog enter additional points of (25.55,0,6.55) and (27.45,0,6.55).
With all the coordinates entered click the OK button.

e Select the point at (7,0,6.55) and P
drag and drop the Accidental
Vehicle load attribute from the
& treeview. Ensure that the
Project onto line option is
selected. Over-type a new
loadcase name of Endspan gr2
and click OK.

e With the same point selected,
drag and drop the Live

Horizontal load from the c&; treeview and click OK.

e Select the point at (25.55,0,6.55) and drag and drop the Accidental Vehicle load

attribute from the & treeview. Ensure that the Project onto line option is
selected. Change the loadcase to Pier gr2 and click OK.

e With the same point selected, drag and drop the Live Horizontal load from the
& treeview and click OK.

e Select the point at (27.45,0,6.55) and drag and drop the Accidental VVehicle load

attribute from the &b treeview. Ensure that the Project onto line option is
selected. Change the loadcase to Central span gr2 and click OK.

e With the same point selected Drag and drop the Live Horizontal load from the
& treeview and click OK.

Saving the model

El Save the model file.

The model is now ready for adding reinforcement details.
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Defining member reinforcement

Continue here if you are using the supplied bridge model.

Defining deck/pier (or beam/column) member reinforcement requires specifying
Section Reinforcement for the member cross-section, and Line Reinforcement, which
specifies the length(s) over which the section reinforcement arrangements act.

Section reinforcement is a utility object stored as an entry in the Utilities " Treeview
and cannot be assigned to lines in the model directly. Section reinforcement utilities are
referenced by line reinforcement utilities. Line reinforcement utilities, in turn, are
referenced by geometric line attributes (that define the concrete section size/shape and
properties for a member).

Reinforcement can be defined either by accessing the geometric line properties dialog
and in the ‘Reinforcement (for RC design checks)’ panel clicking on the drop-down list
button and selecting New, or by defining section and line reinforcement from the
Utilities > Reinforcement menu item, and then referencing these utilities in the
relevant dialogs. For this example, the former method will be shown.

Defining pier reinforcement
o Inthe &b treeview double-click the Pier (HSS D=0.8/HSS D=0.55) entry.

e In the ‘Reinforcement (for RC design checks)’ panel click on the drop-down list
button and select New). The Line Reinforcement dialog will be displayed. This
is used to specify how individual section reinforcement arrangements apply over
the length of a line representing a concrete member. For this example the
reinforcement will act over the whole length of a line.

e Click in the first cell of the grid and select New. A section reinforcement dialog
for the newly created geometric line attribute is displayed.

For all, or individual faces of the section, the actual and nominal covers, and allowance
for links, and reinforcement in the section must be stated.

e With the Face Data tab active, change the Actual cover to link to 0.03 and the
Allowance for link to 0.01 (because the model units are metres)
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Section Reinforcement ===

Shape outine from

[2:Pier (55 D=0.75/ HsS D=0.5) -

Face Data | Layers of rebar | Additional bars

Row | Face [ Acualcovertolink |  Nominal covertobars | Alowance forlink |
1 | Al i 0.03 Actual i 0.01 E
MName PierSectionReinf = O
= ek

Note. Layers of reinforcement are defined for each numbered face in a cross-section.
Faces forming the external perimeter of a section are numbered anti-clockwise.
References to 'Start' and 'End' with regard to bar diameters and distances stated in the
grid relate to the start and end of a face. So face 2 starts at the end of face 1, and ends at
the start of face 3.

e Select the Layers of rebar tab and change the No. of bars to 4 and the Bar
diameter to 0.020. A row of bars will appear in the section for face 1.

e From the drop-down menu for End bars change the entry to Omit End and
click elsewhere in the grid to force the display to update.

Note. Bar diameters must be entered in model units, so enter 0.016 for 16mm bars if
metres are in use.

Note. ‘Omit End’ is specified because the last bar position of the run of bars in this
face will be taken by the first bar in the run of bars in the next face.

e Click the Add button. This duplicates the previous row. (The newly added row
of bars will temporarily clash with the previously added row — as shown by
being drawn in red.)

e Change number of the Face for the new entry to 2 and click elsewhere in the
grid to force the display to update.

e Add four more rows, changing the number of the Face each time to 3, 4, 5 and 6
respectively.
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e After entering Face 6 click anywhere else in the grid to update the bar display.

This results in the following section reinforcement arrangement.

Section Reinforcement (=)

Shape outiine from

[2:Pier (H55D=0.8/ HS5 0=0.55) -

Face Data | Layers of rebar | Additional bars

Row| Face Layer | No.ofBars| Gop |Bardiameter| MSM™® | Engpam | S png gstance|

7 ameda | Omien Ao T

! amedia | Omiten Ao Ao

i e dia Bt en s i

4 ameda | Omiten Ao Ao

1 amedia | Omit en Ao Ao

i ame dia Bt e Ao Aido

Convertrow additonalbars | [ Sort || Add ][ Deete

Name | PierSectionReinf | = (ew)
(o J[ concel | [ meply | [ keb

e Change the name to PierSectionReinf and click OK.

Line Reinforcement @
Reinforcement Section | Allowed to stretch | Length | Edit...
1] 1:PierSectionReinf °

N/A Insert

O

Name  PierLineReinf | » o (new)

l OK ]l Cancel ]l Apply ]

Help

e Back on the Line reinforcement dialog, enter a name of PierLineReinf and click
OK.
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e Back on the Geometric Line dialog click OK to save the change.

Defining deck reinforcement
o In the &b treeview double-click the Deck Nominal (deck) entry.

¢ In the ‘Reinforcement (for RC design checks)’ panel click on the drop-down list
button and select New). The Line Reinforcement dialog will be displayed.

o Click in the first cell of the grid and select New. A section reinforcement dialog
for the newly created geometric line attribute is displayed.

e With the Face Data tab active, change the Actual cover to link to 0.03 and the
Allowance for link to 0.01

Section Reinforcement ==

Shape outline from

[ L:Deckominal (Deck) -

FaceData |Layers of rebar | Additional bars

Row | Face [ Actual covertolink | Nominal coverto bars | Allowance for link |
1 | Al H 0.03 Actual 001
Add Delete
Name DeckSectionNominaReinf A=)
heb

Note. Faces forming the external perimeter of a section are numbered anti-clockwise.
/ Faces forming the internal void of a section are numbered clockwise.

e Select the Layers of rebar tab and for the initial row in the grid change the Face
number from 1 to 2 (because no bars are required for Face 1). Change the No. of
bars to 22 and the Bar diameter to 0.012

e Click anywhere else in the grid to update the bar display in the section.

section. A changing cursor image indicates whether the facility is enabled or not. If
necessary, click in the panel to activate this facility. Use the mouse wheel to zoom in
and out. Click and hold-down the left mouse button, or click and hold-down the mouse
wheel to pan.

Note. Section reinforcement can be inspected by zooming and panning the visualised
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Click the Add button. Change number of the Face for the new entry to 4 and
No. of Bars to 6.

Click Add. Change number of the Face for the new entry to 8.

Note. Whilst faces are numbered in order, reinforcement can be defined for faces in
/ any order. The symmetry of a section may mean that it is easier to define similar faces
one after each other, as in this case for faces 4 and 8.

Click Add. Change number of the Face for the new entry to 5 and No. of Bars to
7. Change the End bars entry to Omit both.

Click Add. Change number of the Face for the new entry to 7.

Click Add. Change number of the Face for the new entry to 6 and No. of bars to
10. Change the End bars entry to Same dia.

Click Add. Change number of the Face for the new entry to 9 and No. of bars to
12.

Click Add. Change number of the Face for the new entry to 11 and No. of bars
to 10.

Click Add. Change number of the Face for the new entry to 10 and No. of bars
to 6. Change the End bars entry to Omit both.

Click Add. Change number of the Face for the new entry to 12.

Note. End bars have been omitted in faces 5, 7, 10 and 12 since these bar positions
/ will be taken by the ends bars defined for faces 4, 8, 9, 6 and 11.

The initial entries for the section reinforcement dialog should look like this:
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Section Reinforcement ===

Shape outline from

[1:DedkiNominal (Deck) =

Face Data | Lavers of rebar | Additional bars

Row| Face Layer |MNo.ofBars| Gap |Bardiameter| MEMAC | prgpey | Stat | End .
7 z T z 00 0072 Someda . Sameds Ao Ao
Z i i 6 i) 012 Some dia " "Same dis Alto At
3 ] 1 5 00 0012 SamediaSamedis Ato Auto =
5 Sameda  Omitbath Ao Auto
7 7 1 Sameda . Omitbath Ao Auto
6 10 1 Sameda  Samedi Ao Auto
5 2 Samedia  Samedis Ao Auto
£ i 10 Same dia " "Same dia Ao Ao
5 7o 3 3 Some dia Ot both Alto Ao <z
Convertrow toadditonalbars | [ Sort  |[ add | [ Dekete
Mame DeckSectionNominalReinf =)

Change the name to DeckSectionNominalReinf and click OK.

Back on the Line reinforcement dialog change the name to
DeckLineNominalReinf and click OK

Back on the Geometric Line attribute dialog click OK to save the change.

Defining Concrete (Reinforced) Material

Whilst a general concrete material was previously assigned to the model, for RC Frame
Design a Concrete (Reinforced) material attribute must be defined and assigned to all
lines representing concrete members. The Concrete (Reinforced) material is a
compound material that references both concrete and steel properties for a chosen
design code in a single material attribute.

Select EN1992 from the droplist |ReMster =
for Design code Desion code [EN1582 )
Section

Material |
[1so1 (£40/501 Concrete | EN1992:2.2008) []

For Section select 1sol (C40/50
Concrete EN1992-2:2005) from | __
the drop-list. Materal

[ 1s02 (5008 | Steel - Reirforcing bar | EN1532-2:2005) -]

For Reinforcement select New. In
the Material Library dialog that
appears select Standard EN1992-
2:2005 and Grade 500B. Accept
the default name and click OK.

Mame  Reinforced Concrete EN1992 - = (new)

[ ok [ Cemcel ][ Ay ][ Help |

18



Running the Analysis

e Back on the RC Material dialog enter the name as Reinforced Concrete and
click OK.

Assigning the material
o Select all lines in the bridge model (press Ctrl + A keys).

o Drag and drop the Reinforced Concrete material attribute from the & treeview
onto the selected lines.

The model is now complete and ready for design code checking.

Design code checking is carried out in LUSAS as a results processing operation
following the solving of an analysis model. So, first the model must be solved.

Running the Analysis

A

| File
| Script >
| Run Script...

With the model loaded:

El Select the Solve Now button from the toolbar and click OK to run the analysis.

A LUSAS Datafile will be created from the model information. The LUSAS Solver
uses this datafile to perform the analysis.

If the analysis is successful...
Analysis loadcase results are added to the (2 Treeview.
Additional files will be created in the directory where the model file resides, including:

U rc_frame_bridge.out this output file contains details of model data, assigned
attributes and selected statistics of the analysis.

U rc_frame_bridge.mys this is the LUSAS results file which is loaded
automatically into the (X Treeview to allow results processing to take place.

If the analysis fails...

If the analysis fails, information relating to the nature of the error encountered can be
written to an output file in addition to the text output window. Any errors listed in the
text output window should be corrected in LUSAS Modeller before saving the model
and re-running the analysis.

To recreate the model, select the file rc_frame_bridge_modelling.vbs located in the
\<LUSAS Installation Folder>\Examples\Modeller directory.
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El Rerun the analysis to generate the results.

Continue here if you have run the supplied script

Viewing the Results

| Analyses

Smart

| Analyses

Combination...

[Envelope...

| Analyses

Smart

Combination...

Analysis loadcase results are present in the (5] Treeview. Appropriate load
combinations and envelopes must now be defined in preparation for a design check.
General note relating to design checks

Note. Effects of deformed geometry, and whether a first order analysis or second
order analysis should be used, are not currently considered in the design checks carried
out. Second order effects need to be accounted for manually.

Defining combinations and envelopes

First, a smart combination is defined to combine the effects of load group grl on the
different spans.

e Add the loadcases End spans grl and Central span grl to the combination.
For both loadcases change the Beneficial factor to 0 and change the Adverse
factor to 1.35.

e Change the name to grl combination and click OK.

Next, an envelope is defined to determine the most onerous effects of the different gr2
loadcases.

e Add the loadcases End span gr2, Pier gr2 and Central span gr2 to the
envelope.

e Change the name to gr2 envelope and click OK.

Finally, smart combinations are defined to create the required ultimate and
serviceability limit state combinations as set out in EN1990.

ULS combination

e Add the loadcases End spans SW, Central span SW, End spans SDL and
Central span SDL to the combination.

e Add the combinations grl combination (Max) and grl combination (Min).

e Add the envelopes gr2 envelope (Max) and gr2 envelope (Min).
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Viewing the Results

e For each included loadcase, edit the Beneficial and Adverse factors to be as
shown in the dialog that follows:

Smart Combination @

Loadcases to consider [] |0
Variable loadcases |1

Available Induded
i i 4:wcentral span SDL - Beneficial | Adverse
D Name
. factor factor
HEnd spans o't T | Endspars W 0% 135
-6:Central span gri T |:; ‘SW D.55 1'35
7End 2 ertral span SV ; .
it 3 | End spans SOL 085 2
L e 5 | ) 4| Centrai spen S0 0.85 i2
sentral span gr. 10 | ar1 combination {Max) 0 1
(- Post processing . 11 | arl combination (Min) 0 1
ID:grlcUmb\nat!Un (Mfax) 12 | or? envelope (Max) 0 1.35
- 1Ligr1 combination (Min) (2= [M3]gZenveiope (i) 1 1.35
16:5LS characteristic (Max) E ==
- 17:5L5 characteristic (Min)
- 18:5L5 QF (Max)
- 19:5L5 QP (Min)
lzigrz envelope (Max) Step
- 13:gr2 envelope (Min) = : a = »
Name = ULS combination | = (new)

[ OK ][ Cancel ][ Apply l I Help

e Change the name to ULS combination and click Apply.

SLS Characteristic

e Remove grl combination (Max) and grl combination (Min) from the list of
included loadcases.

¢ Add the loadcases Endspans grl and Central span grl.

e For each included loadcase, edit the Beneficial and Adverse factors to be as
shown in the dialog that follows:
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Smart Combination @
Loadcases to consider [] | 0
Variable loadcases | -1
Avalable Included
4:Central span SDL - Beneficial | Adverse
D Name
- 5:End spans arl - factor factor
- 6:Central span grl ; ngvtslap\asl::sar? g’\f 1 }
- 7:End span gr2 -
it 3 |Encspans SDL 1 1
e ) 4| Ceriral span $DL i 1
sLentral span gr 12 | or2 envelope (Max) 0 1
(=-Post processing 13| ar2 envelope (Min) ] 1
10:gr 1 combination (Max) 5 End spans arl 0 1
- 11:gr1 combination (Min} 5 Cantral span arl i} 1
14:ULS combination (Max) E
~15;ULS combination (Min}
- 18:5L5 QP (Max)
- 19:5L5 QP (Min)
- 12:gr2 envelope (Max) Step
- 13gr2 envelope (Min) = : B o T
Mame  S5LS characteristic | = (new)
[ oK ] I Cancel ] [ Apply ] I Help

SLS Quasi-permanent

The dialog should look like this:

Change the name to SLS characteristic and click Apply.

With the SLS characteristic dialog active, remove the gr2 envelope (Max), gr2
envelope (Min), Endspans grl and Central span grl loadcases from the table.

Smart Combination

Available

Loadcases to consider (] |0

Variable loadcases

Included

|1

4:Central span SDL
- 5:End spans gri
- 6:Central span grl
- 7:End span gr2
- B:Pier gr2
9:Central span gr2
[=)- Post processing
10:gr 1 combination (Max)
- 11:gr 1 combination (Min)
14:ULS combination (Max)
- 15:ULS combination {Min)
- 16:5LS characteristic {Max)
- 17:5L5 characteristic (Min)
- 12:gr2 envelope (Max)
- 131gr2 envelope (Min)

mn

x

<<

Step

D Name

Beneficial
factor fi

End spans SW

Central span SW

End spans SDL

[ | =

Central span SDL

Name | 5L5QF

~| 5] 18

[ OK ] I Cancel

J [ ety ] |

Help ]

Change the name to SLS QP (signifying Quasi-Permanent) and click OK.
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Viewing the Results

Meshing considerations

Design checks can be carried out at:

e Nodes - as used by this example, where the number of nodal results varies within
each element according to the mesh discretisation used.

e Internal points - nine equally-spaced internal points along each element with
two end points coinciding with the nodal locations of the element.

e Inspection locations - a user-defined position of interest on a model for results
extraction / viewing purposes.

Modelling using more elements (and therefore more nodes and internal points) assigned
to lines allows a more detailed assessment but requires a longer calculation time. Using
the default of four line mesh divisions is suggested for initial checking.

In this example, RC Frame design calculations are carried out at the nodes. When
suitable reinforcement requirements are determined, a final assessment could be carried
out using internal points to confirm the steel reinforcement specified.

when plotting results for internal points the values obtained at each internal point can be

Note. Unlike nodal results, which only produce ‘spot’ contour results at each node,
interpolated to create line contour plots.

Checking against a Design Code

| Design e From the country drop-down menu choose | Fremebesian =)
| RC Frame Design... United Kingdom. e ]
Design code
e From the Design code drop-down menu |Ef§“‘:-"'jt“f“”5;“"f””fm z
Choose BS EN 1992'22005/NA2007 Concrete (Gamma_c) 15
The NDPs used in the design checks are R e e 115
Shown on the dialog. Partial factors for materials - SLS
Concrete (Gamma_c) 10
. .. Reinforcing steel (Gamma_s) 10
e Click the OK button to finish. _
Coefficient for long term effects for concrete
Alpha_cc 0.5
Alpha_ct 10
Defaults | [0k ][ Cancel ][ Heo

Defining and Assigning RC Frame Design Attributes

Reinforced Concrete frame design attributes are used to specify additional information
about model line features that represent concrete members in order to enable RC frame
design checks to be carried out.
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Note. Since design attributes have no impact on a structural analysis they can be
/ assigned after the analysis has been run. Changes can also be made to a design attribute
(e.g. changing the minimum reinforcement ratio) without re-running the analysis.

| Attributes The RC frame design attribute dialog is displayed:
[Design
[ RC Frame Design e For Beam, accept the default values for |Eurecode2cFremebeign sl
minimum and maximum reinforcement || & (LS 55 | Cee
ratio of 1.3e-3 and 0.04 respectively, and || i coremmetimie s
change the name to Deck. Click Apply. Masimum reforcement rato 004
e Select Column, accept the default ValUues || oo rrcenentrese o

for minimum and maximum Maximum reinforcement ratio
reinforcement ratio of 2.0e-3 and 0.04
respectively, and change the name to
Pier and click OK.

e Select the three lines representing the
deck, then drag and drop the attribute
Deck from the &b treeview onto the
selection.

e Select the two lines representing the

piers, then drag and drop the attribute Neme deck | ] e
Pier from the &b treeview onto the 0] [ Coee ) [ oy | [ Fe0
selection.

Creating RC Frame Design Results

| Design On this dialog, selections can be made to specify which parts of a model should be
Egs'slrfsme Design checked for which load groups. From the resulting entry in the "= treeview the design

check results can be viewed and tables of results can be obtained.
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Viewing the Results

In the Extent select All

members.

panel,

In the Design check locations panel
ensure that Nodes is selected.

In the Load Groups panel press the
Select button for ULS.

On the Select Loadcases dialog
presented, select ULS Combination
(Max) and ULS Combination (Min)
and add to the Included list. Click OK.

In the Load Groups panel press the

Select button for SLS -
Characteristic.
On the Select Loadcases dialog

presented select SLS Characteristic
(Max) and SLS Characteristic (Min)
and add to the Included list. Click OK.

In the Load Groups panel press the
Select button for SLS - Quasi-
permanent.

RC Frame Design Results (Eurocede 2) @
Extent
@ All members
Visible members
Group Mone
Geometric attribute
Lines
Design check locations
@ Modes
Internal points
Inspection locations
Load groups
uLs | Select... |
SLS characteristic | Select... |
5LS guasi-permanent | Select... |
Design check name Load group
Min/maxx reinforcement area check | ULS -
7 ULS check (6.1) | ULS -
V1| 5LS (stress limitation) check (7.2} |SLS characteri... |«
|| 5LS {crack control) check (7.3.4) | SLS quasiper.. |
|| Min reinforcement area check (73 |SLS character -
| Advanced options
Mame RC Frame Design eurococ + = (21)
[ ok | Cancel |[ Apply |[ Help |

e On the Select Loadcases dialog presented select add SLS QP (Max) and SLS
QP (Min) and add to the Included list. Click OK.

e On the RC Frame Design Results dialog accept the default name of RC Frame
Design 1 and click OK to finish.

An RC Design loadcase entry &) named RC Frame Design 1 will be added inside a
Post processing folder in the (& treeview.

Plotting Results Contours and Values of Utilisation Ratio

o In the & treeview right-click on the loadcase RC Frame Design 1 and select
Set Active.

e With no features selected, click the right-hand mouse button in a blank part of
the active window and select the Contours option to add the contours layer to

the Treeview.
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e On the Contour properties dialog, select entity RC Frame — BS EN1992 and
component Util(max) from the drop down lists and click OK to see utilisation
results for all members.

e With no features selected, click the right-hand mouse button in a blank part of
the active window and select the Values option to add the values layer to the
Treeview.

e On the Values properties dialog, select entity RC Frame — EN1992 and
component Util(max) from the drop down lists and click OK to see utilisation
results for all members. Select the Values Display tab and set the Maxima value
to 100% to see all values, and click OK to finish.

Loadcase: 21:RC Frame Desi 799564

n1
Entity: RC Frame -BS EN 1932—2 2005/NA:2007
Component: Util(max)

. 0.442115
0863172
088422

Maximum 2 36617 at node 17
Minimum 0.376652 at node 5

1.76867

547005
163804
978314 450846

376652
447217
539643

From the nodal results it can be seen that the utilisation values exceed 1.0 in both the
end spans, in the central span, and also at the tops of the both piers, so results for these
locations will require further investigation.

Note. Because the design check locations were set to be Nodes, spot contours results
are shown at the location of the element nodes only. For clarity, contours for coincident
nodes (as at the intersections of the deck and piers) are shown drawn slightly offset
from their true positions.

Viewing RC Frame Design Results

Detailed RC frame design results can also be obtained in a tabular format consisting of
a summary page and separate tabbed pages for each of the design checks requested in
the RC Frame Design Check dialog.

26



Viewing the Results

o Inthe {2 treeview right click on loadcase RC Frame Design 1 and select Show
Results.
Summary results

e With the Summary tab selected, click the Util(Max) label at the top of the last
column to sort by Utilisation value.

Note. The RC Frame Design Results dialog can be expanded to show the full width of
/ column data.

RC Frame Design Results (Eurocode 2) =3 ECR (===
Detailed results for selected row.
Summary | Min/max reinforcement area check | ULS check (6.1) | SLS stress imitation) check (7.2) | SLS (crack control) check (7.3.4) | Min reinforcement area check (7.3.2)|
Uisaion dueto i re— e Utiisation due to i
the min and max the minimum
line  Hement Mode Section reinforcemert U810 ULS e b o o reirforcement  Utilfmax)
area - . arca
i prmg  HIOLS) Uil(5L5.5) Utileracking) i)
1 2 17 17 | DeckNominal/Deck 0.286561 206171 227292 236617 0843177
2 2z 16 17 | DeckNominal/Deck.. 0.286561 2086171 227292 236617 0.843177 3
3 2 15 15 | DeckNominal/Deck 0.286561 124142 123026 1.75867 0801843
4 2 18 19 | DeckNominal/Deck 0.286561 1.49091 1.48754 1.75867 0798193
5 3 15 19 | DeckNominal/Deck.. 0.286561 1.15028 1.13708 163804 0.799564
& 1 14 15 | DeckNominal/Deck 0.286561 142513 1.39947 163804 0793564
7 1 13 13 | DeckNominal/Deck 0.286561 0815212 0.0901007 123209 0.8407
g 3 20 21 DeckNominal/Deck... 0.286561 0.648629 0.0670738 1.23209 0.8407
3 1 2 13| DeckNominal/Deck 0.286561 0738348 0.0870212 123209 0.8407
10 3 21 21 | DeckMNominal/Dsck 0.286561 0648629 0.0670738 123209 0.8407
1 2z 16 16 | DeckNominal/Deck.. 0.286561 107217 1.125 1.18241 0.843181
12 2 18 18 | DeckNominal/Deck 0.286561 0.79245 0.0873164 1.18241 0833213
1 2 15 16 | DeckNominal/Deck.. 0.286561 107217 1.125 1.18241 0.843181
14 2z 17 18 | DeckNominal/Deck.. 0.286561 0.79245 0.0873164 1.18241 0.639213
15 6 8 10| Pier/PierSectionfsi 0277727 1.0291 1.07368 0121624
16 3 21 22 DeckNominal/Deck.. 0.286561 0.60915 0.0706255 0.8407 0.387277
17 3 2 22| DeckNominal/Deck.. 0.286561 060915 0.0706255 0.8407 0.387277
1n 1 1 1 Diacsle bl I Mark n2065E1 0 740047 nn77enet 0 ean7 naETITT L

From the Summary table it can be seen that:

e For the deck sections the maximum values are for the ‘Utilisation due to crack
width Util(cracking)’ design check.

e For the pier section the maximum value is for the ‘Utilisation due to stress
limitation Util(SLS,S)’ design check.

These results are to be investigated further by selecting the appropriate tabs.

attribute and the referenced line reinforcement attribute. When tabulating details for
tapered members (as in the pier sections) the Section name will also include a
parametric distance value to indicate where along the length of line the section applies.

/ Note. The Section names in the table are formed from the names of the Geometric line
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Viewing detailed results for a deck location
SLS (Crack Control) Check results

e On the main RC Frame Design Results summary table select the SLS (Crack
Control) Check (7.3.4) tab.

e Expand the width of table and sort the Utilisation due to crack width
Util(cracking) column in descending order.

e The table shows the Load combination, Primary component and related force
and moment data causing the crack width stated.

RC Frame Design Results (Eurocode 2) (=)
Summary | Min/max reinforcement area check | ULS check (6.1) | SLS fstress 72)] SLS (orack 7.34) [Mn area check (732)]
O T B v N Y S v S
S R . S
DHEMNN : 7 7 oeowswoex.  sisG  hmmwm  hmem wme o wms oms  omme amw |
2 2 17 17 | DeckNominal/Deck sLsap FoMymaxMz | 433961E2 | -1.70702€8 00 1707028 03E3 0.70385E-3 17
3 2 16 17| DeckNominal/Deck slsap FxMymaxMz | 438961E3 | -1.70702E6 00 17070266 03E3 0.70385E-3 17
4 2 16 17| DeckNominal/Deck sLsap FamaxMyMz | 438961E3 | -1.70702E6 00 17070266 03E3 0.70385E-3
5 2 7 17| DeckMNominal/Deck sLsap FxMyMemax | 24632563 | -1.46133E6 00 14613366 0363 060973263
5 2 16 17 | DeckMNominal/Deck stsap FMyMamax | 24632563 | -1.4613366 00 14613366 0363 060973263
7 2 15 15| DeckNominal/Deck slsap FMyMamax | 24632583 | 152158E6 00 19215868 03E3 0527601E3
3 2 15 15 | DeckNominal/Deck slsap o, Mymin Mz 2461563 | 1.52158E6 00 1921586 03E3 0527601E-3
9 2 8 19 | DeckNominal/Deck slsap o Mymin Mz 24632563 | 1.52158E6 00 19215865 03E3 0527601E-3
10 2 18 19 | DeckMNominal/Deck sLsap FxMyMemax | 24632563 | 1.5215BE6 00 1921586 0363 0.527601E-3
1" 3 19 19 | DeckMNominal/Deck stsap Fi My Mzmax 00 1773798 00 1773796 0363 049141263
2 3 19 19 | DeckNominal/Deck sLsapP o Mymin, Mz 00 1.77375E8 00 1773766 033 049141263
1 3 13 19 | DeckNominal/Deck slsap Famax My Mz 00 1773735 00 17737366 03E3 049141263
14 1 N 15 | DeckNominal/Deck slsap Famax My Mz 00 1.77379E5 00 1773768 03E3 049181263
15 1 0 15 | DeckNominal/Deck slsap i Myrin Mz 00 1.77379E5 00 1773766 0363 049141263
15 1 " 15 | DeckMNominal/Deck slsap F My Mzmax 00 1773796 00 1773736 0363 049141263
7 2 18 19 | DeckNominal/Deck sLsapP FanaxMyMz | 438961E3 | 1.67589ES 00 16758366 033 045581863
18 2 15 15| DeckNominal/Deck slsap FanaxMyMz | 433961E3 | 167539E6 00 16758365 03E3 045581353
19 1 1 13| DeckNominal/Deck slsap Fx Mymax Mz 00 -880.247E3 00 830247E3 03E3 0.369627E-3
2 3 2 21| DeckNominal/Deck sLsap Fx Mymax Mz 00 -8B0.247E3 00 830.247E3 03E3 0.369627E-3
1 1 1 1 D Deck 15QP Fx W My 00 -RRN PATF: 00 0 247F: DAF- 1) IRIEITE =

Viewing detailed results for a deck location

e Select row 1 in the SLS (crack control) check table and then click the Detailed
results for selected row button at the top of the dialog. Double clicking the row
will also give the detailed results.
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Viewing the Results

RC Frame Detailed Results

= Hele | [5LS (ermck control) check (7.34) - ‘Cracked ssdlion
|Detai led results o h
42

Analysed section 3
Line
Element 17
Node 17
Section DeckNominal/Deck SectionNominaiReinf/lso

1452
Design parameters
Courtry United Kingdom
Designcode  BS EN 1992.2:2005/NA2007
Partial factors for mateials for utimate limi states (ULS)
gemmac 15 H For concrete Dap4

emma_s 115 H For steel - 1

Partial factors for materials for serviceabilty mit state (SLS) E
gammac 10 H For concrete w
gammas 10 H Forsteel
Coeflicient for long tem effects and u effects resuiting from the way the load is applied 42 242
dphacc 085 H For concrele
dpha ot 10 H Forsteel
Material properties
Concrete: Isol
fok 400E3 N/m2] Charscteristic compressive cylnder strength of cor
fed 226667E3 N/m2] Design compressive sirength of concrete
Ecm 35.0E6 N/m2] Secant modulus of elasticty of concrete for short
Eclong 11.6667E6 N/m2] Modulus of elasticity of concrete considering creer -1.452
Eceff 16.1142E6 N/m2] Effective modulus of elssticty of concrete fused in
= 17563 1 Strain in concrete at reaching maxmum strength
pu 35E3 [ Utimate compressive strain imit in concrete
feim 35022263 N/m2] Mean value of axal tensie sirength of concrete
Creep parameters
Phi 20 H Creep cocfiicient P2
Checking noriinear creep effect: nonlinearty need ot be considered (k2fok > abs(Sia.g-))
K2 045 g Nondinear creep limi parameter . Rebar
fek 40.0E3 Nim2] Cheracierisic compressive cyinder strength of cor - : tai
12¥ek 18.0E3 N/m2] The it of the compressive siresses in the cancre T2 Comeresasd conerete (inear stress-iein elaton for canerste)
Sigap -2 5564963 /m3] Compressive stresses in the concrete dus to quasi ~ racked concrete

< I

b

e Scroll to the bottom of the detailed results for the selected row to view the data
relating to the Utilisation being exceeded.

RC Frame Detailed Results

= [ Hele | [5LS (erack control) check (7.34) - Cracked ssction -
R 125 ] Fleight of the section A
d 0.879184 m] Effective depth to tension rebar Mas
x 0.154584 m] Neutral ads depth
hesff 0385135 m] The effective depth of concrete in tension suroun
Aceff 0389008 [m2] The effective area of concrete i tension sumound
Asfen) 27144E3 2] The area of the rebar within Aceff
thoPeff 697759E3  [] The effective reirforcemert ratio
epi 238393E3 ] The greater tensie strain in the section
ep2 00 H The lesser tensile sirain in the section
k2 05 M Coefficient for distribution of strain 1452
Detailed results for each bar
Bar No Coverfm] Barspacingn] SigSKkN/m2]  ftefflcN/m2]  esm-ecmf]
33 004 0190088 460406E3 3508823 13812263
34 004 0161516  552373E3  350B82E3 16571263
35 004 0161516  552373E3  350B82E3 16571263
38 004 0158472  552373E3 35088263 16571263 0454
37 004 0158472 552373E3 35088263 165712E3 | I
38 004 0155472  552373E3  350B82E3 16571263 E
39 004 0158472  552373E3  350B82E3 16571263 i
40 004 0159472 552373E3 35088263 1657123 P Do
41 004 0158472  552373E3 35088263 16571263
42 004 0161516  552373E3 35088263 1657123
43 004 0161516  552373E3  350BA2E3 16571263
4 004 0190088 460406E3  350B82E3 13812263
70 004 00552923  393965E3  350882E3  1.18189E3
7l 00431003 00453076 49552563  350882E3  148657E3
004 00252139 49552563  350BA2E3  14B657E-3
7 004 0116574 49552563  350B82E3  1.4B6S/E3
74 004 0110261 49552563 350882E3  1.48657E3
75 004 0141888 45557563 35088263  148657E3 am2
75 004 0141888 49552563  350BA2E3  14B657E-3 -
77 004 0110261 49552563 350B82E3  148657E3
78 004 0116574 49552563  350B82E3  1.48657E3
73 004 00252133 48552563  350882E3  148657E3
80 00491003 00453076 49552563  350B82E3  14B657E3
81 004 00552923 39396563  350BE2E3  1.1B189E3
Summary results
Bar No 5 M Bar number yE2
wiax 03E3 m] Limiting calculated crack width
ke O70SB5E3  [m] Crack wi L
Utlcracking) 236617 H Utlisation due to crack width 3 + Rebar

Condtion not satisfied: utilisatior

< I

=== Cracked concrete

Compressed concrete (linear stress-strain relafion for concrete)
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RC Frame Design to EN 1992-2

Under the ‘Detailed results for each bar’ heading the bars for which the crack width
check has been applied are listed. The location of these bars (bars 33-44 and 70-81) can
be found under the ‘Section Definition’ ‘Reinforcement’ heading further up the listing,
which shows them to be in faces 6 and 11.

o Close the Detailed Results dialog.

Viewing detailed results for a pier location

e On the RC Frame Results dialog select the Summary tab

RC Frame Design Results (Eurocode 2) =R (=
Detailed results for selected row.
Summary | Miny/meo reinfarcement area check | ULS checs (6.1) | SLS fstress limitation) check (7.2) | SLS {erack control) check (7.3.4) | Min reinforcemert area check (7.3.2)|
Utisation dueto |y —— e Utiisation dus to i
the min and max the minimum
' duetoULS  duelostess  dueto crack ! ’
lne  Elemert MNode Section e ol S50 o reriacenen | i)
Wi Az LS LH(SLS.5) Ui(cracking) Uit
1 2 17 17 | DeckNominal/Deck 0286561 206171 227292 2.36617 0.843177
2 2 16 17 | DeckNominal/Deck... |  0.286561 206171 221292 2.36617 0.843177
3 2 15 15 | DeckNominal/Deck... |  0.286561 124142 123026 1.75867 D.801848 £
4 2 18 19 | DeckNominal/Deck... |  0.286561 149091 148754 1.75867 0.798193
5 3 19 19 | DeckNominal/Deck 0286561 1.15029 1.13709 163804 0.799564
& 1 12 15 | DeckNominal/Deck 0286561 142513 1.39947 163804 0.799564
7 1 13 13 | DeckNominal/Deck... |  0.286561 0815212 0.0901007 123209 0.8407 123209
g 3 20 21 | DeckNominal/Deck... | 0.286561 0648629 0.0670738 123209 0.8407 123209
3 1 12 13 | DeckNominal/Deck 0.286561 0738348 0.0870212 123209 0.8407 123209 0
10 3 21 21 | DeckNominal/Deck 0286561 0648629 0.0670738 123209 0.8407 123209
1 2 16 16 | DeckNominal/Deck 0286561 107217 1125 1.18241 0.843181 118241
12 2 18 18 | DeckNominal/Deck... |  0.286561 0.79245 0.0873164 1.18241 0.839213 1.18241
13 2 15 16 | DeckNominal/Deck... |  0.286561 107217 1125 1.18241 D.843181 1.18241
n 2 DeckNominal/Deck 0.286561 0.79245 0.0873164 1.18241 0.839213 118241
n-m vz w0 owen o |
16 3 DeckNominal/Deck 0286561 060915 0.0706255 0987277 0.8407 osszzrr i
17 3 2 22 |DeckNominal/Deck... | 0.286561 060915 0.0706255 0.587277 0.8407 [EEZ |
18 1 12 12| DeckNominal/Deck... |  0.286561 0.748047 0.0779061 0.587277 0.8407 [EEZ |
19 1 1 12 | DeckNominal/Deck 0286561 0.748047 0.0779061 0987277 0.8407 [El |
2 1 13 14 | DeckNominal/Deck 0286561 073272 0.156822 0578314 0.799564 oszaae ] -

e Click the Util(max) column to sort the values in descending order

e Select row 15 (the row containing the highest utilisation value for the pier) and
then click the Detailed results for selected row button at the top of the dialog.

Detailed results will be displayed.

section diagram showing the extent of the tension or compression in the section will

Note. When accessing detailed results from the Summary page the appropriate cross-
need to be selected from the droplist.

e Scroll down the Detailed Results panel, and in the SLS Stress Limitation Check
(7.2) a statement will be made according to whether a section is cracked or
uncracked. For this example it states: “The section is cracked - the stresses in the
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concrete assuming 'uncracked' concrete are larger than fctm” — so a Cracked
concrete section diagram should be drawn.

e Select SLS Stress Limitation Check (7.2) — ‘Cracked Section’ from the
droplist on the right-hand side of the dialog.

RC Frame Detailed Results = 3|
Help | [5LS (stress limitation) check (7.2) - Cracked  sectin -
T z TZZI3TEUS5IS TOSSOES U0
1 3 0442635 00 176683E3 0.0 it
1 4 0221318 0383333 3563 -22.6667E3
1 5 0221318 0383333 3563 22 6667E3
1 6 0.442635 0.0 1.76688E3 0.0
1 neutral ads  0.35839 012857 00 0 TR SR S S -
1 neutral ais 036839 0128587 00 0.0 / 5
; . *
Reinforcement stresses-strains at ultimate resistance / 0292138 \
Bar No. yim 2[m] Strainf] Stress[N/m2] K4 A
0.19245 0.333333 634677E3 4347833 J Y
2 0257305 0.221002 48033763 43478363 /e PN
3 0.320046 0.112331 331027E3  434783E3 K \
4 0.3849 0.0 1.76688E3  353.375E3 / N
5 0.320046 0.112331 0223487E3  446965E3 i \
6 0257305 0221002 -126%2E-3  -253924E3 /e PR
7 0.15245 03313333 281302E3 43478363 y 0.0973797 LS
8 00627412 0333333 28130263 43478383 J Y
9 00627412 0333333 28130263  434.783E3 L K N E
10 0.19245 0333333 281307E3 43478363 E / NN
1 0257305 0221002  -12692E-3  -253.924E3 e p— &
12 032046 0112331 022M80E3  44.6964E3 5 0.292138 -0.0973797 0252133 #D.456839
13 0:3849 0.0 176688E3  353.375E3 A /
14 0320045 0112331 33027E3 4347833 Y P /
15 0257305 0221002 480337E3 43478363 12084
16 £.19245 0.333333 6346773  434783E3
17 00627412 0333313 634677E3  434.783E3
18 00627412 0333333 634677E3  434783E3
Utilisation of the section
Uisation was calculated due to flexural resistance
LHil(LULS) 1.02911 H Utiisation of the section -0.292138
Condtion not satisfied: utiisation > 1 M
Seclion resistance summary
Fx Mz Miesultart)  alpha-andle{M 2)
kN khim] [kNm] khim] deg]
73646E3 23124366 1.04280E3  1.14282E3  1.20742E6  Uhimate resistar
Y 0.0 0.0 -175.236 Fxjmax) 486359
0116411 0.201629 0.232821 30.0001 Fxjmin)
0.0 114282E3 11428263 00 Fx My{mase) Mz=
0.0 S14282E3  114282E3 1800 Fx.Myfmin). Mz=( Reb
1.10764E3 0.0 110764E3 900 Fx.My=0.Mz{na * Rebar
-1.10764E3 0.0 1.10764E3 500 Foe. My=0,Mz(min — Compressed concrete (linear stress-strain relation for concrete)
23124366 11428263 11428263 12074266 FcMinad - === Cracked concrete
‘i i v

e Scroll further down the detailed results for the selected row to view the data
relating to the Utilisations being exceeded, and the “Condition not fulfilled:
utilisation > 1” statement.

Interaction surface diagrams - for pier

For ULS results, interaction surface diagrams can be produced.

¢ Click the Resistance Interaction Surface button at the top of the dialog.

The interaction surface diagram for axial load Fx and moments My and Mz is
displayed. By default a 2D view is shown. The black dotted line shows the My Mz
contour for the applied axial force.

¢ Click the View 3D button to see the 3D interaction surface diagram.
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RC Frame Design - Resistance Interaction Surface (My, Mz, Fx)

Number of interaction disgrams My/Mz |15 [2]  Points per interaction diagram Myiz 20 |5

View 2D | View 3D

(= e =

[ Rotate ] [ \sﬂmetnc] [ view: Fx ] [ view My] [ view: Mz ]

shape

—Fx

—

— Mz

— Fx=-12383[kN]

— Fx=-12257[kN]
Fx=-11125[kN]
Fx=-5353(kN]
Fx=-88610KN]
Fx=-77250kN]
Fre -6597TkN

e BAEEKN
F=-42220KN]
Fx=-2201[kN]
Fx=-2069kN]

—== Fx=-1737[kN]
Fx=-827[kN]

— Fx=195[kN]

— Fx=1327]KH]

— Fx=2459[kH]

—+— Internal Forces

Fie=-172723E30kN] Mz=0 0kcNim]

My=117608E2kNm)

M=1 17603E3]khm] alpha=0.0frad]

Isolating a value for applied axial force

e With the View 2D tab selected change the Number of interaction diagrams
My/Mz to 2 (and click elsewhere on the dialog to update the image).
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RC Frame Design - Resistance Interaction Surface (My, Mz, Fx) o o]
Number of interaction diagrams MyMz 2 [3] Points per interaction diagram My/Mz [20 =
View 2D | View 3D
1352563+ — F=-12283[kN)
--= Fx=-1737]KM]
— Fx= 2459[kN]
—=- Internal Forces
A o,
A 115, b
7 't
7’ ™
."4’ \\.
/ \
/ \
; -.
/7 hY
/ \
/ \
7 AN
£ 2705+ i
£ \
=
N
= / b
A35BE3 | E115 2705 2705 15 HEREEEES
27054
;
N\ f
| )
/
\
5, ;
'\ '.’
AN e
‘\\‘ 8115 "/
BB
Fx=-172722E3(kN] Mz=0.0fkNm] My=117603E3kNm] M=1.17605E30kNm] alpha=0.0frad]

This isolates the My Mz plot for the applied axial force in the selected row. The extent
to which the force is outside the resistance surface can now be more easily seen.

o Close the Resistance Interaction Surface dialog.

o Close the Detailed Results dialog.

Changes required following the initial design check

As a result of the initial design check:

O The reinforcing bars in the deck section will be increased generally from
12mm diameter to 16mm diameter, but 20mm diameter bars will be used
in the bottom two faces of the box section

O The main reinforcing bars in the piers will be increased from 20mm
diameter to 25mm diameter.

Note. When making changes to reinforcement quantities there is no need to re-solve
the model. The RC Frame Design calculations will be automatically re-run according to
the changes made. When making changes to geometric attributes a model must be re-
solved.
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Modifying the reinforcement in the deck

For the deck, the bar diameter will be changed from 12mm to 16mm throughout, with
the exception of faces 6 and 11, which will have 20mm diameter bars. The section

reinforcement is modified from the Utilities sf’" treeview.

e Inthe Js treeview double click DeckSectionNominalReinf.

e Select the Layers of rebar tab and change the Bar diameter to 0.016 for each
face except faces 6 and 11.

e For faces 6 and 11 change the bar diameter to 0.020 and click OK.
- Layers of rebar | Additional bars

Alternate Start End o
Row Face Layer No. of Bars Gap Bar diameter| [ End bars distance
3 2 1 6 0.0 0.016 Same dia Same dia Auto Auto
4 5 1 7 0.0 0.016 Same dia Omit bath Auto Auto
5 7 1 7 0.0 0.016 Same dia Omit both Auto Auto
6 6 1 10 0.0 0.02 Same dia Same dia Auto Auto
7 5 1 12 0.0 0.016 Same dia Same dia Auto Auto E
3 n 1 1o 0.0 0.02 Same dia Same dia Auto Auto
3 10 1 6 0.0 0.016 Same dia Omit bath Auto Auto
10 12 1 6 0.0 0.016 Same dia Omit bath Auto Auto
[ Convert row to additional bars ] [ Sort ] [ Add ] [ Delete ]

The RC Frame design results will be re-calculated, showing that all deck utilisation
values are now less than 1.0. One of the piers however still shows a utilisation value
that exceeds 1.0. To attempt to reduce this value the pier reinforcement will be
modified.
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Loadcase: 21:RC Frame Design 1
Entity: RC Frame - BS EN 1992-2:2005/NA:2007
Component: Util(max)

0.399529
0.479434
0.55934

0.639246
0.719152
0.799057
0.878963 880434
0.958869 1.07366
1.03877 606267
| 940146
Maximum 1.07366 at node 10
Minimum 0.354509 at node 12 737603
447217
539643

B65747

547005
825014
460846
376652
447217

539643

Modifying the reinforcement in the piers

e Inthe si;’ treeview double click PierSectionReinf.

471829

e Select the Layers of rebar tab and change the Bar diameter to 0.025 for each

face and click OK. The RC Frame design results will be re-calculated.

Layers of rebar | Acditional bars

100%

Row Face Layer No. of Bars Gap Bar diameter Nlm € End bars -Sa'l End
1 1 1 5 0.0 0.025 Same dia Omit end Puto Auto
2 2 1 b 0.0 0.025 Same dia Omit end Auto Auto
3 3 1 5 0.0 0.025 Same dia Omit end Auto Auto
4 4 1 5 0.0 0.025 Same dia Omit end Puto Auto
5 5 1 b 0.0 0.025 Same dia Omit end Auto Auto
& 6 1 5 0.0 0.025 Same dia Omit end Auto Auto
Convert row to additional bars ] [ Sort ] [ Add ] [ Delete
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Loadcase: 21:RC Frame Design 1 471829
Entity: RC Frame - BS EN 1982-2:2005/NA:2007

Component: Util(max)

. 0.376351
0.439077
0.501802

0.564527
0627252

] 0878153

Maximum 0.919036 at node 17
Minimum 0.354509 at node 12

865747
433849

B25014
502437

.588518
698776
B43192

Utilisation values are now all less than 1.0 with the largest value of 0.919 occurring in
the deck. Whilst the reinforcement used has not been optimised, the bridge has
effectively passed the design check.

Verification of reinforcement specified

A final assessment can be carried out by considering the results at internal points all the
beams/piers instead at nodes. A separate RC Frame design loadcase will be created for
this.

o Inthe "= treeview double click on the RC Frame Design 1 loadcase.
e Change the Design check locations from Nodes to Internal points
e Change the name to RC Frame Design 2 and click OK.

Note. This copies and creates a new loadcase (as opposed to creating a new one from
scratch) and saves having to re-define the Load Groups.

o In the ‘& treeview right-click on the loadcase RC Frame Design 2 and select
Set Active. If asked, click No to not save results.

As an alternative to plotting values, diagrams of Util(max) can be drawn.

e Inthe = Treeview turn-off the VValues layer.

e With no features selected, click the right-hand mouse button in a blank part of
the active window and select the Diagrams option to add the diagrams layer to

the Treeview.
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e On the Diagrams properties dialog, ensure component Util(max) is selected for
Internal points and click OK to see the utilisation results for all members.

Loadcase; 28:RC Frame Design 2
Entity: RC Frame - BS EN 1932-2.2005!NA.2007
Component: Util{max)

0.376689
0.43947
0.502252

Maximum 0.919036 at Gauss point 11 of element 16
Minimum 0.354003 at Gauss point 2 of element 18

From this diagram the peak Utilisation value in the deck can be seen to be 0.919 as
previously obtained.

Note. When plotting diagrams of results such those for values of utilisation that have
/ no direction component, diagrams are drawn by flat-to-screen by default.

e Press the 1' button to see the contours on a fleshed model.

Loadcase: 28:RC Frame Design 2
Entity: RC Frame - BS EN 1992-2:2005/NA:2007
Component: Util(max)

0.376689
0.43947
0.502252

0.565033
0627815
0.690596
0.753378
0.816159
0.878941

Maximum 0.919036 at Gauss point 11 of element 16
Minimum 0.354003 at Gauss point 2 of element 18
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Note. Unlike nodal results, which only produce contour results at singular node, when
plotting results for internal points the values obtained at each internal point can be
interpolated to create line contours.

Creating a report

RC Frame design checks can be added as a chapter to a model report. To illustrate how
this is done, a report is to be created for the location of Util(max) in the central span.

o Inthe ™ treeview right-click on RC Frame Design 2 and select Show Results.

e On the summary table, sort by values of Util(max).

RC Frame Design Results (Eurocode 2) o |5 ]
Detailed resulls for selected row...
Summary | Min/max rei area chck | ULS chack (6.1) | SLS (stress limitation) check (7.2) | SLS (crack control) check (7.3.4) [ Min rei area check (7.3.2)|
Jisztion dug 1o | jsgion Utlsation Utlsation Ulsation duz ta @
Lne  Bement omel Section reiorcemert B e oo renfoement  Uinas)
ey UHIULS) LKI(SLS.5) Utilferacking) iy
T I T S S o7 o oo |
2 2 DeckNominal/Deck... | 0.320886 0909104 05919036 0732571 0.355353 05919036
3 2 16 10 | DeckMominal/Deck. | 0320885 0339843 0503906 0724734 0.355353 0503906
1 6 8 1| Pier/PierSectionRei 043349 0.807805 0903728 0138917 0.100658 0903728
5 6 8 2 | Pier/PierSectionRei 0440145 0796157 0895278 0132199 0.0990067 0895278
[ 2 7 2 | DeckMNominal/Deck 0320886 0881497 0.890058 0724734 0.355353 0.890058
7 2 16 3 | DeckMNominal/Dack 0320885 0879 0887372 0710181 0.355355 0887372
3 3 8 3| PierPerSectionRei.. | 0445478 0784276 0835441 0125556 00973757 0835441
3 2 18 11| DeckMNominal/Deck. | 0320885 0330434 0.853506 0855747 0471101 0880434
10 3 8 4 | Pier/PierSectionRei.. | 0452045 0772354 0877203 0.11339 00957763 0877203 i

e Select Row 1 (containing the highest utilisation value for the deck) and then
click the Detailed Results for Selected Row button at the top of the dialog.
Double clicking the row will also give the detailed results.

e On the RC Frame Detailed Results dialog, and from the drop-list on the top-right
of the dialog, select SLS (Crack Control) Check (7.3.4) — ‘Cracked’ Section
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Save

Viewing the Results

RC Frame Detailed Results

Resistance interaction surface.

Detailed results

Analysed section

Line
Eement 16
Intemal point 11
Section DeckNominal/DeckSectionNominalReirf/lso1

Design parameters

Courtry United Kingdom
Dodgn code B3 EN 1952 2 2005/NA2007

Partial factors fur materials for ultimate limit states (ULS)
5

Material properties

Concrete: Isol
fock 4

Creep parameters
Phi 20 B Creep coefficient

« I

Crecking noningarcree efct: kst nsed o be considred (Zok > (50 29)
0.45 Norinear creep lmit parameter

o [oE] ]

Hele | [5LS (orack control) check (7.34) - Cracked ssction -
5 a2
1452

gamma_c i 8] Forcancrte
gamma_s 15 3]

Partal lamumfurma‘enals for senviceabilty imit s |SLS)

gammac 10 £] For concrste

gammas 10 3] For steel

Coefficiert for long term effects and urfavaureble effects resuiting from the way the load is applied
dphacc 088 3] For concrete

alpha_ct 10 4] Forsteel

0,053 KkN/m2] Charsctenistic compressive cyinder strength of cor
fod 226667E3  [kN/m2] Design compressive strengih of concrete
Ecm 35,066 [kN/m2] Secart moduius of elasticty of concrete for short
Eclong 11668726 [N/m2) Modulus of elasticty of concrete considerng oreey
Ecef 16115586 kN/m2) Effective modulus of slasticity of concrete (used in
= 1.75E3 2] Strein in concrete at reaching maxmum strength
pu 35E3 3] Uimate compressive strain imi in concrete
fetm 35082283 [N/m2) Mean value of axial tensie sirength of concrete:

r

& 40063 [N/ Charclerisiic compressive cylinder strength of cor
2ok 18053 [N/m2] The limi of the compressive stresses in the concre
Sagp 24836563 [kN/m2) Compressive stresses in the concrete due to quasi =

1452

P

— Compressed concrete (linear stress-strain relsfion for concrete)

e Click the Add to report = button at the top of the dialog.

e Choose OK to create a report.

e Enter the title as Pedestrian Bridge and click OK.

e On the dialog that appears click OK.

o Close the RC Frame Detailed Results and RC Frame Design Results dialogs.

¢ In the Reports B treeview right click on Rpt1 and select View Report.

A PDF of the report is created. This can be viewed, saved and printed as required.

Save the model

El Save the model file.

This completes the example.
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Discussion on optimising the reinforcement in the deck

As shown, the footbridge passes the design code check when main steel reinforcement
of 16mm diameter bars are generally used throughout the deck section (with 20mm
diameter in the lowest two faces of the box section), and 25mm diameter bars are used
throughout each pier.

If additional refinement of the reinforcement arrangement is required this may achieved
by adding additional bars locally where needed, or by changing bar diameters, and
defining the lengths over which selected bar diameters act.

Optimising the reinforcement in the deck

Two methods are available:

O Option 1: Assigning a single geometric line attribute referencing all
required section reinforcement to all lines of the deck.

U Option 2: Assigning individual geometric line attributes to each line of the
deck

These options are explained in the following pages.

Option 1: Assigning a single geometric line attribute to all
lines of the deck

Define section reinforcement

For this option separate section reinforcement utilities need to be created for each
‘region’ of the deck that is to be reinforced, and be given suitable names that specify
their location, such as EndSpan, InternalSupport, and CentralSpan.

This can be done by going to the Utilities & treeview and editing the
DeckSectionNominalReinf section utility, editing the reinforcement bar details and
changing the name to be DeckSectionEndSpanReinft, then repeating for the Internal
Support and Central Span arrangements and names required.

The following image shows a side elevation of the bridge and a typical scenario where
different reinforcing bar arrangements can be specified for hogging at supports or
bending in spans. See the accompanying table for bar diameters required throughout the
deck.
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One geometric line attribute is assigned to all lines in the deck

<
Internal Internal
End Span Support Central Span Support End Span

< > < > < > < > < >

12's top faces 20's top 12's top faces 20's top 12's top faces
< »lg »ig < »

16's btm faces 12's btm 20's btm faces 12's btm 16's btm faces
T I T ]
[ Poe o *
1 I ] I I

[ ] [ ]
< > < > < >« >
10m 8m 'Allowed to stretch’ 8m 10m
*—————Prt—— >
14m 25m 14m
< > < < >

For each section reinforcement utility, the following bar diameters are defined for the

fa

ces stated.

(%]

Faces Bar diameters required
End Span Internal Support Central Span
2and 9 12 20 12
6and 11 16 12 20
All other faces 12 12 12

Define line reinforcement

A single line reinforcement utility named Full_length also needs to be defined. This
will reference all three section reinforcement utilities, and also include the lengths over

which each reinforcement section would apply.

41




RC Frame Design to EN 1992-2

This can be done by editing the DeckLineNominalReinf line utility, inserting
additional reinforcement section details, specifying lengths, and changing the name to
be Full_length, as shown on the following image, before saving the definition.

Line Reinforcement @
Reinforcement Section Allowed to stretch Length Edit...
1|7:DeckSectionEndSpanReinf E 10 Insert
2 |5:Deck Sectionintemal Support Reirf 3 8 l—‘l
3 [6:DeckSectionCentral SpanReirf @ N/A Delete
4 |5:Deck Sectionintemal Support Reinf 2
5|7:DeckSectionEndSpanReinf » 10 @ Move up

- - - -

100 80 20 100

Mame Ful_length - o (new)

[ OK ]l Cancel Jl Apply J { Help

Note that the central span region is un-dimensioned and is ‘Allowed to stretch’ to fit the
length of the deck that remains between the support regions.

The bridge is symmetrical hence the re-use of the Internal Support and End Span
reinforcement section utilities in the line reinforcement definition.
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Geometric line attribute

In the Attributes &% treeview the existing
geometric  line attribute for the deck
‘DeckNominal (deck)’ needs to be edited to
reference the Full_length line reinforcement
utility, and given a new name of
Deck Full_Length, before saving the
definition.

Geometric Line ==
Ay ategary D
Definition
@) From Library User Sections v
Rotation aboutcentrod [0 %] ° P ——
Mirrored about axis - —
[tone <] = a
Enter Properties
3D Thick Beam (Any beam) iz
Reinforcement (only used for RC design chedks)
aiFul length <) [
Value
Cross sectional area (A) 749205
Second moment of area about y ads (lyy) 0234294
mer of area shout £ s 2] 8212
Product moment of area (lyz) 0.0
orsianal constart (J) 0540736
shear area in y direction {Asy) 105384
area in 2 direction (Asz) 0246535
coentricity in y direction (ey) 0.0
scentricity in z direction (ez) 0.0
TR [ Topering>> ] [rom—
Neme | Deck_Full Length - [ ew
ok ) [ conce | [ ety ][ ren ]

All three lines representing the deck then need to be selected, and the existing
Geometric line assignment DeckNominal (deck) that is assigned to them, must be de-

assigned from the selection.

Then, with the lines in the deck still selected,
assign the geometric line attribute Full_length
to those lines, ensuring (very importantly) that
the option to Consider selection as a single
assignment is selected.

Geometric Beam

Assign to points

Assign to surfaces

/| Assign to lines

Asgign to volumes

Analysis | Analysis 1

Multiple selected lines

@) Consider selection as a single assignment
Consider each selected item individually

oK ] | Cancel

Help

Util(max)

Once the revised geometric line attribute had been assigned, the RC Frame design
results will update to show values for Util(max) in the deck.

Results for loadcase RC Frame Design 2 are shown:
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Loadcase; 21:RC Frame Design 2
Entity: RC Frame - BS EN 1982-2.2005!NA 2007
Component: Util(max)

0.431186
0.50305
0.574914

0646779
0718643
0790507
0862371

0.934236
i 10067
Maximum 1.02414 at Gauss point 11 of element 16
Minimum 0.377358 at Gauss point 2 of element 18

This, however, shows a utilisation of just great than 1.0 in the central span.

By re-visiting the DeckSectionCentralSpanReinft utility and increasing the number of
bars in faces 6 and 11 from 10 bars to 11 bars the utilisation will reduce to less than 1.0
as shown on the following image.

Loadcase; 21:RC Frame Deswgn 2
Entity: RC Frame - BS EN 1992-2:2005/NA:2007
Component: Util{max)

0.40034
. 0.467064
0.533787

0.600511
B 0g67234
0.733957
0.80068
0.867404
0.934128

Maximum 0.94957 at Gauss point 11 of element 16
Minimum 0.34906 at Gauss point 2 of element 18
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When compared to the values that previously passed the initial design check, an
increase in the maximum utilisation in the central and end spans is seen.

Option 2: Assigning individual geometric beam attributes
to each line of the deck

Section reinforcement

For this option separate section reinforcement utilities need to be created for each
‘member length’ in the deck that is to be reinforced, and given names such as:
DeckSectionNominalReinf and DeckSectionCentralReinf.

This can be done by editing the DeckSectionNominalReinf section utility, editing the
reinforcement bar details, then also creating another section utility named
DeckSectionCentralReinft.

The following image shows a typical scenario where individual geometric line attributes
are assigned to individual lines representing spans, and where in one span more than
one reinforcement section arrangement is required. See the accompanying table for bar
diameters required for each.

Individual geom etric line attributes are assigned to each line in the deck
> < > <
DeckSection DeckSection DeckSection
NominalReinf CentralReinf NominalReinf
< > < < >
16's to all faces 6's) 16's to all faces but with... 16's 16's to all faces
< >l € >l ><€
20's to lowest two faces
1 I ]
® ° e 'Y
[ [ ]
2m 'Allowed to stretch’ 2m
‘< >
14m 25m 14m
< > < > < >

For each section reinforcement utility, the following bar diameters are defined for the
faces stated:.
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X}

Faces Bar diameters required
DeckSectionNominalReinf DeckSectionCentralReinf
6 and 11 16 20
All other faces 16 16

Line reinforcement dialog

A new line reinforcement utility called DeckLineCentralReinf is required for the
central span. This will reference the DeckSectionNominalReinf section reinforcement
for a 2m region at each end of the span, but require a new reinforcement section
DeckSectionCentralReinf for the remaining middle portion of the span, specifying
20mm diameter bars in the two lowest faces in this span.

Line Reinforcement @
Reinforcement Section Allowed to stretch Length Ediit...
113 Deck SectionNominal Reinf 2 Insert
2|6 DeckSectionCentral Span Reinf © A (Lo )
3 [3:DeckSectionNominal Reinf ® 2 Delete
100%

Mame DecklineCentralReinf - (new)

[ OK l[ Cancel ][ Apply ] [ Help
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The central region is un-dimensioned and would be ‘Allowed to stretch’ to fit the

remainder of the length of this span.

Geometric line attribute

The existing geometric line attribute for
the deck should be copied and renamed
to be DeckLineCentral, and then be
edited to reference the
DeckLineCentralReinf line
reinforcement, as per the image right.

Note. Geometric line attributes that have
previously been assigned to a series of
lines as a single assignment by using the
‘Consider selection as a single
assignment’ option (as done earlier in
this example), will need to be de-
assigned from any lines prior to re-
assigning a different geometric line
attribute.

With reference to the above note, de-
assign DeckFullLength line attribute
from all lines in the model

Geometric Line (3]
Analysis category 3D
Definition
@ From Library User Sections -
Rotation aboutcentroid [0 7| ° (= -
Mirrored about axis - —————————————————
None Deck -
) Enter Properties
3D Thick Beam (Any beam) 100
z
Reinforcement {only used for RC design checks)
9:DecklineCentraReinf =] [
Value
Cross sectional arez (A) 148205
Second moment of area about y s (by) 0.294254
Second momert of area about z s (kzz) 153212
Product moment of area (y2)
Torsional constart () 0540735
Effeclive shear area in y drection (Psy) 1.05384
Effective shear area in z drection (Asz) 0.246535
Eccentrctty n y drection (zy) 00
Eccentrotty n z drection (e2) 00
visualise... ] [ Taperng »» Section details...
Name DecklineCentral - = (new)
ok | [ cancel | [ apply | [ rnep

Then assign the DeckLineCentral line attribute to the line representing the central span

And finally, assign the DeckNominal line attribute to the lines representing the end

spans

Util(max)

As the revised geometric line attributes are assigned, the RC Frame design results will
update to show values for Util(max) in the deck.

Results for loadcase RC Frame Design 2 are shown:
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Loadcase: 28:RC Frame Design 2
Entity RC Frame - BS EN 1932-2 2005/NA:2007

Compenent: Util(max)
0.381543 /
0.445134

i 0890267 1

Maximum 0.903728 at Gauss point 1 of element 8 ";”
Minimum 0.331414 at Gauss point 9 of element 15 ff

Summary

Individual line attributes (referencing line and section reinforcement arrangements) can
be assigned to individual lines representing concrete members, as in this latter
discussion, or a single line attribute may be assigned to a series of lines that represent
concrete members, as in the former discussion.
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