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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|Open...

| File

|Save As...

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,
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e Specify a rigid zone length of 0.8 and
for the End of line un-tick the Same as
start of line checkbox. Ensure None is
selected and click OK.

e On the main line mesh dialog enter the
name as Thick Beam Rigid End and
click OK.

e Select the two lines defining the piers,
and drag and drop the mesh attribute
Thick Beam Rigid End from the 63;
treeview onto the selected features and
click OK.

Line Mesh End Conditions

End releases  Rigid zone |

[ Start of line

£ None

* Specified length ID‘E
Beam / column

® —ISDECW‘“

Rigid zone factor I 10

™ Indude mass

End of line
[~ same as start of ine

=" Nane
" sSpecifiedlength | 1.0
Beam / column .
® i —ISDSC'W”'
Rigid zone factor Lo

™ Indude mass

Cancel Help

Defining cross-sectional properties

To define the deck box section

[Tools .
Section Property
Calculator >

Box Section

following dialog.

Ensure the Simple section type is selected and enter values as shown on the
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Box Section Property Calculator [ |
¥
R | 4
% Simple section [~ Excude vaid
" Complex section
N ; |
Cell detzils = Tez Tel Tt vt
Number of cells I 1 _|; 4 + )
B [ T
T i / x
[ Box section dimensions H
Tw = /
Ho |12 | l
[ |0‘75 Th |0.z
Th vb
wit |1‘2 Tt |0.z
w | Tw |n.z
Wh—+
- Cantilever slab dimensions
—— W ——se—— Wt—»]
e |1 Tt 0.2 ; ;
Extra points locations——— | [ Calaulated properties —
Tc2 |0.125 A [1as205
Dac | 0.294294
Humber of extra points
Tiop slat I'Z- _|::' Iyy | 1.53212
Eatbom slab IE- _I; Iy |0.0
Cantilever slat I ] _I; d LErE
Web interior face IE- _|:;l | A
A 1.05384
Web exterior Face I 1} _|:;l X
yt | 0.449187
Mame |Dedk Load section... | Clear inputs | yb |0.800813
¢ add to local library
@ mee e Create geometry... | Section details... |
oK I 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.

e 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.

| Tools e Enter 0.75 for distance D.
Section Property
Calculator - e Click in the name and the name HSS D=0.75 will be automatically created.
More sections
ggﬁ??nal e Ensure Add to local library is selected and click Apply.
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| Geometric

| Section Library...

| Attributes

>

| Geometric
Tapered
Section...

>

Enter 0.5 for distance D, click in the Name field to update the name and click
OK to add HSS D=0.5 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.

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

Ensure a Local library is being accessed.

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

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:

In the ‘Properties_ for end 1 =77 R
of line’ panel, click on the |z

H Rotaton sboutcentrod [0 7] °
drop-down list button to —
change the selection from P
UK  Sections to User
Sections

Prapertes for end 2 ofine

= | [[user sectora
[Loca = ||
G =r=n

[User sactors

: Ll Lo Lol

L Centre ta contre 7!
Harisontsl  [Centre to conve =

Ensure a Local library is
being accessed.

Click on the drop-down list
button and select HSS
D=0.75 from the list of local
library items.

In the ‘Properties for end 2
of line’ panel, click on the
drop-down list button to

o

Renforcement {for RC design chedks)

G| [.]

<< Non - Tapering

Value. Value.
(L] T216508
00150289 3756793
00150289 37587363
00 00
00364037 7.19066E-3
041507 0134875
041507 0137
00

00 00

Sectom gt [—

=] H )

(o] oot | s | _ne |

change the selection from UK Sections to User Sections for Properties for end 2

of line.
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e Ensure a Local library is being accessed.

e Click on the drop-down list button and select HSS D=0.5 from the list of local
library items.

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

e Enter an attribute name of Pier and click OK.
Assigning the geometric line properties

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

attribute from the & treeview onto them. '

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

e 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

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

Material Library... i i
aterial orary attribute to the &% Treeview.

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

Supports
| Attributes e Select Fixed for Translation in Z. Enter the name as Fixed Translation Z and
Support... click Apply.

e 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...

| Attributes

| 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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| Attributes .
| 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 set to 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).

Click on row 2 of the tablechanged to

Analysis category 30
niransformed load direction | Projecton vector
& Arbitrary «x xz I™ projectin load direction
1 ™| Project far prestress
Coaid x [T ¥ € Sufacenomal e
v X component [0
Cz E—
¥ component | 0
2 component [1
[ X Y [ z | Load
| [ [ 3 0 : 08 }
2|
‘ Neme [Live Horizantal ] H ew
<Back | | et Cancel | Apply Help

‘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=0.75/HSS D=0.5) 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
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Section Reinforcement [x]
Shape outline from
’7 INE'J\'hf created attribute j

Face Data |Layers of rebar | Additional bars

Row [ Face [ Actual coverto link [ Nominal cover [ Allowance for link
1 | Al 0.03 Actual 0.01
Add Delete |
Name |RnfSctl j ﬂ (new)

oK I Cancel | Apply | Help |

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.

Note. Layers of reinforcement are defined for each numbered face in a cross-section.

e Select the Layers of rebar tab and change the No. of bars to 5 and the Bar
diameter to 0.016. 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.)
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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.

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 [ x|
Shape outline from
’7 INewI\; created attribute j

Face Data Layers ofrebar | Additional bars I

Row | Face layer |MNo.ofBars| Gap |Bardiameter| AIETEC | prgpas | St gy
1 1 1 5 0.0 0.016 Same dia Omit end Puto Puto
2 2 1 5 0.0 0.016 Same dia Omit end Auto Auto
3 3 1 5 0.0 0.016 Same dia Omit end Auto Auto
4 4 1 5 0o 0016 Same dia Omit end Auto Auto
5 5 1 5 0o 0.016 Same dia Omit end Auto Auto
6 6 1 5 0.0 0.016 Same dia Omit end Auto Auto
Convert row to additional bars | Sort | Add Delete
Mame | PierSectionReinf j ﬂ (new)

QK I Cancel | Apply Help

e Change the name to PierSectionReinf and click OK.
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Line Reinforcement E
Reinfercement Edit... |
Sedlion Allowed to stretch Length
1| T:PierSectionReirf [O] N/A Insert |
Delete |
Move up |
Move down |
100%
‘ -l
MName | PierLineReinf j jl {new)
Ok I Cancel | Apply | Help |

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

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

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

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.

e With the Face Data tab active, change the Actual cover to link to 0.03 and the
Allowance for link to 0.01
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Section Reinforcement [<]

Shape outiine from
[ [Newly created attribute =l

Face Data |Layers of rebar | Additional bars
100%

Row | Face | Actual covertolink | Nominal cover | Allowance for link
1 | Al 0.03 Actual 0.01

Add Delete
Name |RnfSct3 j ﬂ (new)

OK I Cancel I Apply | Help I

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.

Note. Section reinforcement can be inspected by zooming and panning the visualised
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.

e Click the Add button. Change number of the Face for the new entry to 4 and
No. of Bars to 6.

e 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.
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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.

will be taken by the ends bars defined for faces 4, 8, 9, 6 and 11.

Note. End bars have been omitted in faces 5, 7, 10 and 12 since these bar positions

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

Section Reinforcement [ =]
Shape outline from
’7 I 1:DeckMominal (Deck) j
Face Data Layers of rebar | Additional bars
100%
2
B = — 1

| = e | fncitsl &= |meeeed] BEEE | s B B
1 2 1 22 0.0 0.012 Same dia Same dia Auto Auto
2 4 1 6 0.0 0.012 Same dia Same dia Auto Auto
3 [} 1 6 0.0 0.012 Same dia Same dia Auto Auto
4 5 1 7 0.0 0.012 Same dia Omit both Auto Auto
5 7 1 7 0.0 0.012 Same dia Omit both Auto Auto
[ [ 1 10 0.0 0.012 Same dia Same dia Auto Auto
[ 9 1 12 0.0 0.012 Same dia Same dia Auto Auto
8 n 1 10 0.0 0.m2 Same dia Same dia Auto Auto
3 10 1 6 0.0 0.012 Same dia Omit both Auta Auto j

Convert row to additional bars | Sort | Add Delete |
Mame | DedkSectionMominalReinf j ﬂ 3

Close I Cance| | Apply Help
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Defining member reinforcement

[ Material
Concrete

(Reinforced)...

e Change the name to DeckSectionNominalReinf and click OK.

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

e 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.

e Select EN1992 from the
droplist for Design code Design code [ENT92 =]

Section

e For Section select Isol
(C40/50 Concrete EN1992-
2:2005) from the drop-list.

e For Reinforcement select
New. In the Material
Library dialog that appears
select Standard EN1992-
2:2005 and Grade 500B.
Accept the default name and Bag)| e ore=d Conar=t= e
click OK.

ok | cance | meoy | He

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

Assigning the material
e Select all lines in the bridge model using (Ctrl + A).

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.
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Running the Analysis

&

| 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 @ 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.

El Rerun the analysis to generate the results.

Continue here if you have run the supplied script

Viewing the Results

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.
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| Analyses

Viewing the Results

Smart

| Analyses

Combination...

| Envelope...

| Analyses

Smart

Combination...

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).

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 B

Loadcases to consider [~ |0
Varizble loadeases [~ |1

Available Induded
¢ 4:Central span SDL B D Name Beneficial | Adverse
- 5:End spans gr1 ; factor factor |
- 6:Central span gri 1 End spans SW 055 1.35
2 Central span SW 055 1.35
-- 7:End 2
et 3 |End spans SOL 035 12
el 5 4 |Central span SDL 095 12
HLen a. span gr 10 |ar1 combination {Max) 0 1
- Post pracessing s =5 | 11 |ar1 combination {Min) 0 1
 1D:grd combination (Max) T2 |or2 envelope (Vi) i 138
+ LigrL combination (Min) e | 13 |or2 envelope (iin) ] 135
12:gr2 envelope (Max)
--13:gr2 envelope (Min)
- 16:5L5 characteristic {Max)
- 17:5L5 characteristic {Min)
18:5L5 QLP (Max) Ste
-+ 19:5L5 QLP (Min) — I—P—_|
B Sl 2
Mame | ULS combination j jl (14

oK I Cancel | Apply | 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.

e 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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Viewing the Results

Loadcases to consider [ |0
Variable loadcases |1
Avalable Included
2:Central Span SW -] D Name Beneficial | Adverse
- 3:End spans 5DL factor factor |
- 4:Central span SDL 1 End spans SW 1 o
2 Central Span SW 1 0
- 5:End 1
_S,C:né':”s gnr — 3 |End spans SOL 9 ]
e e 4 |Cenral span SDL i ]
: nd span ar 12 |ar2 envelope (Max) 0 1
- 8:Pier gr2 > 13 |ar2 envelope (Min) 0 1
-9:Cenn'a.l span ar2 5 End spans arl i} 1
[=1-Post processing p & Central span grl 0 1
10:gr1 combination (Max)
-~ 11:gr1 combination (Min)
12:gr2 envelope (Max)
-~ 13:gr2 envelope (Min)
s o) =
-+ 17:515 QF (Min EIE :II E »
Mame | SLS characteristic j il (new)
OK I Cancel | Apply | Help

e Change the name to SLS characteristic and click Apply.

SLS Quasi-permanent

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

The dialog should look like this:

Smart Combination

Loadcases to consider [ |0

Variable loadcases i
Available Included

- 2iCentral Span SW = D F— Beneficial | Adverse

- 3:End spans SOL - factor f:

- #iCentral span SDL E"fﬂs':iasns 5 ':w 1

- 5:End spans gri E:d :)anzaIS_IDL' i

_S_;E::::Lip:’zgrl Certral span SDL 1

: 8:Pier gr2 il

: -9:Central spangr2

E! Post processing

- 10:gr1 combination (Max) il
11:gr1 combination {Min)

- 12:gr2 envelope (Max)
13:gr2 envelope (Min)

- 14:ULS combination (Max)

- 15:ULS combination {Min)

soas(l

DR

Ll
T|'§
(3|
=1

MName |5LS QP j ﬂ (new)

’TI Cancel I Apply | Help |

e Change the name to SLS QP (signifying Quasi-Permanent) and click OK.
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[ Design
| RC Frame Design...

RC Frame Design to EN 1992-2

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.

Note. Unlike nodal results, which only produce ‘spot’ contour results at each node,
when plotting results for internal points the values obtained at each internal point can be
interpolated to create line contour plots.

Checking against a Design Code

e From the country drop-down menu choose
- - ounti
United Kingdom. [orted rgdor |
Design code
e From the Design code drop-down menu /%% aenear =l
choose BS EN 1992-2:2005/NA:2007. Concrete (Gamma_o) 15
The NDPs used in the design checks are — [Fereis s Gamas) L
shown on the dialog. Pl e
. L. Reinforcing steel (Gamma_s) 10
° CIICk the OK bUtton to fInISh' i~ Coefficient for long term effects forconcrete ——————————
Alpha_cc 0.85
Alpha_ct I

Defaults_ | oK | camcel | e |

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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Viewing the Results

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.

|A|ttributes The RC frame design attribute dialog is displayed:
Design
Iw e For Beam, aCCEpt the default Values for BS EN 1992-2:2005/NA:2007 (United Kingdom) RC Frame Desi... [
minimum and maximum reinforcement G;"E:J“LS Ists | Gom |
ratio of 1.3e-3 and 0.04 respectively, and e E=—
change the name to Deck. Click Apply. Maximum reinforcement rafio b4
i umn
e Select Column, accept the default values Miffwl.umremfmmmm =
for minimum and maximum Maximum reinforcement ratio 0.04
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 & treeview onto the
selection.
e Select the two lines representing the
piers, then drag and drop the attribute Hame [Deck =] 2 Gem
Pier from the % treeview onto the [ ok | Concsl | Aemy | e |

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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RC Frame Design to EN 1992-2

In the Extent panel, select All
members. [ Exent
& All members
In the Design check locations panel :""S“""-"“"m"“ :
ensure that Nodes is selected. From srowp Inore -
" Geometric attribute I =l
In the Load Groups panel press the € Line(s) D _Updzte ||
Select button for ULS. ~Design check |
' Nodes
On the Select Loadcases dialog (‘:'"‘*’f"a'.f”'"“ .
R . Inspection locations
presented, select ULS Combination
. . . rLoad G
(Max) and ULS Combination (Min) /&% et |
?)nli add to the Included list. Click L5 (Charsctersic) e |
' 5LS (Quasi-permanent) Select.. |
In the Load Groups panel press the
Select  button  for SLS - pestn Theck Tome St
L v} Min/Max Reirforcement A... uLs =l
Characteristic. v LILS Check {5.1) uLs |
. [V | SLS (Stress Limitation) Ch 5LS (Characteristic) v |
On the Select Loadcases dI{:1|0.g [¥!| 5LS (Crack Corttrol) Chee... | 5LS (Quasipermanent) x|
presented SeIeCt SLS CharaCterIStIC ¥ | Min Reinforcament Area C... SLS (Characteristic) ﬂ
(Max) and SLS Characteris_tic (M_in) pdvanced Opfions. |
and add to the Included list. Click
OK NamelRCFrameDesignNodes vl ﬂ(new)
In the Load Groups panel press the [~ ok | cancel | fosly |  Hele

Select button for SLS - Quasi-
permanent.

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 (5 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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Viewing the Results

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.

840700
Loadcase: 20:RC Frame Dgswgm 1

Entity: RC Frame - EN 199; 994529
Component: Util(max)
0.648166 #9.24659
0.864221
1.08028 1.00741
1.29633
1 Y
. 7M.21796
1.9445 1.65770
2.16055 955069
. 237681 #21433 720168
Maximum 2.39809 at node 17
Minimum 0.453596 at node 3 . 453596
39809 557199

21433

1.75088
el
1.00741 % 757967

.
7 24850 575608
453596

1994529
557189

840700

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 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.
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RC Frame Design to EN 1992-2

o Inthe = 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) [_ O[]
Detsiled results for selected row _Heb |
Summry | Miny/max reinforcement area check | ULS check (6.1) | SLS (stress heck (7.2) | SLS ferack control) check (7.3.4) | Min area check (7.3.2) |
Utisation dueto | |y - R Ulisation due to =
the min and max the minimum
Lne | Bemert | Nods Section riforcemert | WSl LS| dustodtess | duelo cra rerforcement | Utlimax)
area area
iz | UHULS) L(SLS.S) Utlferacking) s
1 2 17 17 | DeckNominal/Deck SectionNominalRerf/lso1 1286561 1.83519 1.78478 239609 0.842388 239609
2 2 16 17 | DeckMominal/DeckSectionNominalReif/lso1 0286561 183513 178478 239809 0.847388
3 2 15 15 | DeckMNominal/DeckSectionNominalRei/lso1 0286561 108603 023738 175088 03801122
4 2 18 19 | DeckMNominal/DeckSectionNominalRerf/lso1 0286561 131088 0224602 175088 0787357
5 3 13 19 | DeckNominal/Deck SectionNominalRerf/isa1 0286561 1.02599 0210654 16577 0.798564
6 1 14 15 | DeckMominal/DeckSectionNominalReif/lso1 0286561 126738 0210654 16577 0.799564
7 1 13 13 | DeckMominal/Deck SectionNominalRei/iso1 0286561 071677 00345545 124859 0.8407
8 1 12 13 | DeckMominal/DeckSectionNominalReilso1 0286561 0635008 00314748 124653 0.8407
3 3 20 21 DeckNominal/Deck SectionNominalRerf/Iso1 0286561 0567773 0.0532378 124659 0.8407
0 3 21 21 DeckNominal/Deck SectionHomnalRerf/lso 1 1286561 0567773 0.0532378 124659 0.8407
11 3 8 10 Pler/PierSectionReinf /0.131/1s01 0271215 1.06477 121796 || 014637 0.192585 121796
12 2 17 18 | DeckMNominal/DeckSectionNominalRein/iso1 0286561 0715735 00754803 121433 0838957 121433
13 2 18 18 | DeckNominal/Deck SectionNominalRerf/isa1 0286561 0715735 0.0754803 121433 0.838957 121433
14 2 15 16 | DeckNominal/DeckSectionNominalRerf/lso1 1286561 0959188 0.0953402 121433 0.842391
15 2 16 16 | DeckMominal/DeckSectionNominalRein/lso1 0286561 0959188 0.0953402 121433 0.842391
16 3 6 g Fier/FierSectionReinf/0.35/1s01 0317378 0911483 104106 1.0705026 0160263
17 6 8 8 Fier/FierSectionReinf/0.35/1s01 0317378 0911489 1406 || no7osozs 0160263
18 1 13 14 | DeckNominal/Deck SectionNominalRerf/iso1 0286561 065972 0.09471848 1.00741 0.798564
19 3 20 20 | DeckMominal/DeckSectionNominalReirf/iso 1 0286561 0478679 0.0812827 1.00741 0.8407
2 1 14 12 | DeckMominal/Deck SectionNominalRein/iso1 0286561 065972 00941848 1.00741 0798564
21 3 18 20 | DeckMominal/Deck SectionNominalReinf /isa 1 0286561 0478678 00812827 1.00741 0.8407 100741
2 1 12 12 | DeckNominal/Deck SectionNominalRerf/iso1 0286561 065424 0.0375969 0.994528 0.8407 0994528

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 values are for the ‘Utilisation due to stress
limitation Util(SLS,S)’ design check.

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

Note. The Section names in the table are formed from the names of the Geometric line
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.
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Viewing the Results

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.

Detailed results for selected row

‘Summary | Minv/max renforoement area check | ULS check (6.1) | SLS (tress imtation) check (7.2) SLS {crack contrl) check (7.34) | Min reinforcement area sheok (7.3:2) |

Irtemal temal Irtemal temal L] = B
Line | Bement | Node Section Loadcase Fizy forces forces forces forces oy &= eia.cacs
Comie Fxlk] MyllcNm] MzkNm] MikNm] wdhir] vadhi] Wkigacking)
1 2 7 17 | DeckHNominal/Deck sLsap FcMymaxMz | 337311E3 | 172668 00 172668 0363 071342663
2 2 7 17 | DeckNominal/Deck ssap FonacWyM: | 337311E3 | -1.726ES 00 172666 [E=) 071942663
3 2 1 17 | DecknNominal/Deck sLsap FnacWyMz | 337311E3 | -1726ES 00 172666 (=) 071942663
14 2 18 17 | DeckNominal/Deck... sLsar FMymacMz | 337311E3 | 1726ES 00 172586 [E) 071942883
5 2 [ 17| DeckNomnal/Deck sLsap FxMyMamse | 1802733 | 14738E6 00 1473605 0353 06158033
5 2 1 17 | DeckNominal/Deck sLsap FcMyMmax | -190272E3 | -147368E6 00 1473698 [E=) 061580363
7 2 15 15| DeckNominal/Deck sLsap BeMyminz | 19027263 | 1.50524E6 00 15092466 0363 05252633
3 2 15 15| DeckNominal/Deck sLsap FcMyMmmax | 19.0272E3 | 190924E6 00 15092466 [E=) 052506363
3 2 18 19 | DeckNominal/Deck... sLsap FeMyMme: | 190272E3 | 190924E8 00 1.90924E6 [E=) 05252632
10 2 1 15| DeckNomnal/Deck sLsar BolymnMz | 18027253 | 19092466 00 1.509245 [EE) 0525263 3
n 3 1 15| DeckNomnal/Deck sisap Fa My Mamax 00 1.73507E6 00 1795075 0353 045730963
12 3 18 15| DeckNominal/Deck sLsap e Myrin, Mz 00 1.79507E6 ) 17950788 0363 045720963
1 3 18 19| DeckNominal/Deck ssap Fana by Mz 00 1.79507E6 00 1.79507E6 [E=) 045720963
14 1 1 15 | DeckNominal/Deck... sLsap Py Mamax 00 1.79507E6 00 1.79507E6 [E=) 049720053
15 1 1 15 | DeckNominal/Deck... sLsar FieMymin, Mz 00 1.79507E6 00 1.79507E6 [E) 04972083
1 1 0 15| DeckNomnal/Deck sLsap Fama by Mz 00 1795075 00 1795075 0353 045730963
7 2 15 15| DeckNominal/Deck sLsap FanaWyMz | 337311E3 | 165691E8 00 16563168 [E=) 045252263
18 2 18 15| DeckNominal/Deck sisap FonacWyMz | 337311E3 | 165691ES 00 1.65691E6 0363 045252263
1 1 13 13| DeckNominal/Deck sLsap FMymes Mz 00 690 609E3 00 890 609E3 [E=) 0373878E3
2 3 2 21| DeckNominal/Deck... sLsap FMymas Mz 00 ~£90.609E3 00 £90.609E3 [E=) 037397eE
2 1 2 13| DeckNomnal/Deck sLsar P My Mz 00 290 6053 00 850 609E3 [EE) 037387EE S
» 3 2 21| DeckNomnal/Deck sisap FxMymax Mz 00 890 609E3 00 850 605E3 0353 037387EE
B 2 7 18| DeckNominal/Deck sLsap FcMymaxMz | 337311E3 | 880271E3 00 880 271E3 [E=) 03642993

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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RC Frame Design to EN 1992-2

RC Frame Detailed Results [_ O] x]
= Help | [uLs checic(6.1) - Section at utimate resistance =l

Detailed results

Analysed section

Line

Element 17

Node 17

Section DeckMNominal/Deck SectionNominalReinf/lso 1

Design assumptions

IThe section is under uniaxial bending, the dirsction of bending is determined by the nevtral axis angle
IThe momert in the dlredmn pemendicular to the neural axis is ignored.

angle_r [d Neutral &xis angle {between newtral axds and 2 axs

Design parameters
Country United Kingdom
Design code  BS EN 1992-2:2005/NA:2007

Pattal factr for materlsforutmate b st (ULS)
15 H

gamma_c Forconcrste

gamma_s 10 H For st

Partial factors for materials for servicsabiity it state (5L5)

gammac 11 H Forcancrte

gemmas 10 H or steel

Cosfficiert forlong tem effects and unfavourable e resuling from the way the load is applied
apha_cc g For concrete

dpha_ct 10 H Forstes

Material properties

(Concrete: Isol

fok 347826E3  KiN/m2] Characteristic compressive cylinder strength of cor
fed 2266673 [KN/m2] Design compressive strength of cancrete

Ecm 35085 /2] Secart modulus of elasticty of conerete for short |
Eclong 11666756 kN/m2] Modulus of elasticity of concrete considering crees
Ecef 13484456 kN/m2] Effective madulus of elasticty of concrete (used in
o 17563 H Strain in concrete ot reaching mamum sirength
epu 3553 H Utimate compressive strain limt in concrets

fetm 35088283 KN/m2] Mean valu of mxial tensile strength of cancrete

(Creep parameters
Phi 20
4]

H Creep coefiicient

o

]

\Z 42

1452

1452
e
- Rebar
— Comp train relation for concrete)

— Compressed concrete (linear stress-sirain relationfor concrete]
--- Cracked concrete

relating to the Utilisation being exc

Scroll to the bottom of the detailed results for the selected row to view the data

eeded.

Results [_[O]x]
= | [SLS (crack control) check (7.3.4) - ‘Cracked section |
h 125 m] Height of the section 5|
d 0.879184 fm] Effective depth to tension rebar E 2
x 0154176 m] Neutral ais depth
hesff 0365275 m] The effective depth of concrete in tension suroun
Aceff [m2] The effective area of concrete in lension sumound
Asfen) 27144E3 2] The area of the rebar within Aceff
thoPeff 6976563 [ The effective reinforcemert ratio
epi 29214783 [ The greater tensie strain in the section
ep2 00 ] The lesser tensile sirain in the section
k2 05 2] Coefficient for distribution of strain 1482
Detailed results for each bar
Bar No Coverm] Barspacingln] SigSkN/m2]  fteffjcN/m2]  esm-ecmf]

33 0.04 0190088 4EGEDEE3  350B82E3 13938263
34 004 0161516 559766E3  350B82E3  16793E3
£ 004 0161516 559766E3  350B82E3  16793E3
38 004 0.159472 559766E3  350882E3  16793E3 0484
37 004 0153472 BE37EEE3  350882E3  16733E3 B 1 _
38 004 0155472 553766E3  350882E3  16793E3 E
39 004 0159472 559766E3  350B82E3  16793E3 N
40 004 0.159472 559766E3  350882E3  16793E3 2 Tie2 BV
41 004 159472 559.766E3  350882E3  16793E3
2 004 0161516 553766E3  350882E3  16733E3
43 004 0161516 559766E3  350B82E3  16793E3
4 004 0190088 4666D6E3  350B82E3 13998263
70 004 00552923 302E3  350882E3  1.19791E3
7l 00431003 00453076  GO21B1E3  350882E3  150GB4E-
72 004 00252139  502181E3  350B82E3  150654E-3
7 004 0116674 SO21B1E3  350B82E3  150654E3
74 004 0110261 S02181E3  350882E3  1506M4E3
75 004 0141888 BOZIE1E3  350882E3  150EB4E3 452
75 004 0141888 5021B1E3  350B82E3  150654E3
77 004 0110261 SO21B1E3  350B82E3  150654E3
78 004 0116674 S02181E3  350882E3  1506M4E3
73 004 00252133  502181E3 35088263  150654E3
80 00451003 00453076  5021BIE3  350B82E3  150654E3
81 004 00552923 39930263  350B82E3  1.19791E3
Summary results o
Bar No 5 ] Barnumber fos
wiax 03E3 m Liming calculated crack width
wk 0713428E3  [m] Crack width
Uticracking) H Uilsation due to crack wicth + Rebar
Condtion net satisfisd; utilisation > 1 —— Compressed concrete (linear stress-strain relation for concrete)
- -~ Cracked concrete
4 | r
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Viewing the Results

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 can be found under the
‘Definition of the Section’ 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 Onthe RC Frame Results dialog select the Summary tab

RC Frame Design Results (Eurocode 2) [ O[]
Detailed results for selected row Help
Summary | Mimax reiforcemert area sheck | UL check (6.1)| SLS 2| sts 3.4) | Min area check (7.3.2)|

Uiisation due to Utsation due to =

Line | Elemert | Node Section e o e rrforenert | Uiinar)

i | UL UH(SLSS) | Uticracking) Unitamin)

1 7 17 DeckNominal/DeckSection NominalReinf/so 1 0286561 183519 178478 239809 0842388 239809

2 15 17 DeckNerminal/Deck Section NorinalReinf a1 0.288561 183519 178478 233809 0842388 239809

3 15 15 DeckNominal/Deck SectionNominalReinf/1so1 0.286561 1.08609 023798 1.75088 0.801122 1.75088

4 18 19 DeckNerminal/Deck Section NorinalReinf a1 0.288561 131088 0.224602 175088 0797357

5 19 13 DeckNominal/Deck SectionNominalReinf/1so1 0.286561 1.02599 0210654 16577 0.799564

3 1 5 DeckNominal/Deck Section NorinalReint/lsal 0286561 126738 0.210654 16577 0739564

7 12 13 DeckNominal/Deck SectionNominalReinf/1so1 0.286561 0.71677 0.0245545 1.24659 0.8407

8 2 3 DeckNemin/Deck Section NorinalReif/lsa1 0286561 0635008 00314749 124659 08407

9 20 21 DeckNominal/Deck SectionNominalReinf/1so1 0.286561 0567773 00532378 1.24659 0.8407

0.286561 0.0532378 1.24653

DeckNominal/Deck SectionNominalReirf/Iso 1 0.286561 0.0754803 121433 0.838957
13 18 18 DeckNominal/Deck SectionNominalReirf/so 1 0.286561 00754803 121433 0.838957
14 15 16 DeckNominal/ Deck Section NominalReinf/Iso 1 0.286561 0.959188 00953402 121433 0.842391
15 16 16 DeckNominal/Deck SectionNominalReirf/so 1 0.286561 0.959188 00353402 121433 0.8423591
16 6 & Pier/PierSection Reinf/0.35/1s01 017379 0.911489 1.04706 0.0705026 0.160263
17 8 3 Pier/Pier Section Reinf/0.35/Is01 0317379 0.511489 1.04106 0.0705026 0.160263
18 13 14 DeckNominal/ Deck SectionNominalReinf/Iso 1 0.286561 0.65972 0.0941848 1.00741 0.799564
19 20 20 DeckNominal/Deck SectionNominalReinf/Iso1 0.286561 0.478679 0.0812827 100741 0.8407 100741
20 14 14 DeckNominal/ Deck SectionNominalReinf/Iso 1 0.286561 0.65972 0.0941848 1.00741 0.799564 100741
pal 19 20 DeckNominal/Deck SectionNominalReinf/Iso1 0.286561 0.478679 0.0812827 100741 0.8407 100741
22 12 12 DeckNominal/ Deck SectionNominalReinf/Iso 1 0.286561 0.65424 0.0375969 0.994529 0.8407 0.994529
e Select row 11 (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.

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
concrete assuming ‘uncracked' concrete are larger than fctm” — so a Cracked
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.
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RC Frame Detailed Results

Resistance Interaction Surface... |

Help tress Limitation Check (7.2) - 'Cracked' Section

12 -0.0878549 0310333 -270512E-3 434 783F3 ;I

13 0179171 0310333 27051263 43478383 0455144

14 -0.224809 0231286 -1.3961E-3 -279 2263

15 0.268757 4.155167 0.135569E3  -27.1137E3

16 0.312704 0.0790474 1.12496E-3 '4.993E3

17 -0.358342 00 24339863 43473E3 = 5 pesesscsssscfesssssse——— A

18 -0.312704 00790474 374301E-3 434 783E3 AN

19 -0.268757 0.155167 5.00354E-3 434 783E3 . LAY

20 0224309  0.231288 E26407E3 43478363 0272087 \

2 0178171 0310333 757308E-3 434 783E3 A

2 -0.0878549 0310333 757309E-3 434 783E3 LY

23 0.0 0310333 7.57309E-3 434 783E3 \

24 0.0878949 0310333 7.57309E-3 434.783E3 Ay

LY
Utilisation of the section LY
Utilisation was caloulated due to flexural resistance 0.0910289 Y
LHil(LULS) 1.06372 H Utiisation of the section LY
Condtion not fuffiled: utiisation > 1 S\ E
N N

Section resistance summary J N noaneT o ,‘
& o Ty S 00910289 0.273087 / 455144
kH] fchim] [him] fchim] deg] /
-1.13027E3  0.260235E6 858433 0 Utimate resistan -0.091028% -
2.09804E3 0.0 00 .0 -29.3578 Fxxima)

-116611E3  0.0939445 0.162716 0.187889 30.0001 Fxmin)

1.13027E3  -0.260201E-6 858433 00 o, My(mand), Mz=

1.13027E3  0.26029E-6 -858.433 858433 180.0 o My(min). Mz=(

1.12925E3 826294 25.1539E-12  826.294 90.0 Fax.My=0.Mz{ma

1.12925E3  -826.294 0 826.294 500 o My=0.Mz{min

1.13027E3  -0.260235E6 858433 858433 00 P, Mimand}

1.13027E3 142564E6 858433 858433 -180.0 P Mimin)
ULS Loading (6.1)
No resutts: utilisation > 1
SLS Stress Limitation Check (7.2) Jmp-485144
Internal forces in the section

Load Group 5L - Characteristic

Loadcase 5L5 characteristic * Rebar

Primary Comp. P, My, —C Conerete relation for cancrete)

Fx -575.731 [kN] Puial force —— Compressed Concrete (linear stress-strain relation for concrete)

Mz 0.0 fcNim] Momert about 2 xis = - =~ Cracked Concrete

W RAT 477 ehlen Wlomart =hott v =vis | Ll_l

e Scroll further down the detailed results for the selected row to view the data

relating to the Utilisations being exceeded.

Interaction surface diagrams - for pier

e 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.

e Click the View 3D button to see the 3D interaction surface diagram.

3 f2 3 J

3

3
Wou 25 Wou 0 |

RN M s sty sseansy Ferionene  Weaavel N W st

2D interaction surface diagram 3D interaction surface diagram
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Viewing the Results

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).

RC Frame Design - Resistance Interaction Surface (My, Mz, Fx)

Number of interaction disorams My/Mz [2 =] Points per interaction diagram My/Mz [20 =] Help
View 20 | view 30 |
12417385 — Fre=-1652[KN)
=== F= - 1743kN]
— Fa= 2413kN]
-=- Internal Farces
/j“
745036
,/'
-
/ \
/ Ay
7 \
= i 2485
=
=,
N
= / L
12417363 | 745,036 -248.345 248345 745,036 7 12417383
Ay 248345
A /
A\. ‘../
Vi
fﬁ
., /
N o
\, e
74503+ g
T
Fx=11.6606E3[kN] Mz=0.222158khim] My=-0.205774fkcNm] M=0.277857 [N slpha=251327[rad]

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 16mm
diameter to 20mm diameter.
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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.

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 55;’ treeview.
e Inthe m’j}' 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.

Row | Face Layer | MNo.ofBars| Gap |Bardiameter] AT | prgparg | SO Eg Gigtance
1 2 1 22 0.0 0.016 Same dia Same dia Auto Auto
2 4 1 6 0.0 0.016 Same dia Same dia Auto Auto
3 8 1 ] 0.0 0.016 Same dia Same dia Auto Auto
4 5 1 7 0.0 0.016 Same dia Omit bath Auto Auto
3 7 1 7 0.0 0.016 Same dia Omit both Auto Auto
6 3 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
2 1 1 10 0.0 0.02 Same dia Same dia Auto Auto
2] 10 1 [ 0.0 0.018 Same dia Omit bath Auto Auto LI

The RC Frame design results will be re-calculated, showing that all deck utilisation
values are now less than 1.0. The piers still show high utilisation values though, with
one still exceeding 1.0.
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Viewing the Results

Loadcase: 21:RC Frame Design 1 470407
Entity RC Frame - BS EN 1992-2:2006/NA2007
Component: Util(max)

0.451231

0.541477
0.631723
0.721969
0.812215
0.902461
0.992707
1.08295
11732
M; 1.21796 at node 10 i
aximum at node

Minimum 0.405743 at node 12 381188,

1.04106

628194

490205

557199

860138

975207
0814247
494832 30 ot cca
661949
453596

557199

Modifying the reinforcement in the piers

e Inthe J’ treeview double click PierSectionReinf.

e Select the Layers of rebar tab and change the Bar diameter to 0.02 for each
face and click OK. The RC Frame design results will be re-calculated.

Row | Face Layer | No.ofBars| Gap |Bardiameter| M®™® | Engpas | S g g
1 1 1 5 0.0 0.02 Same dia Omit end Auto Auto
2 2 1 5 0.0 0.02 Same dia Omit end Auto Huto
3 3 1 5 0.0 0.02 Same dia Omit end Auto Auto
4 4 1 5 0.0 0.02 Same dia Omit end Auto Auto
5 5 1 5 0.0 0.02 Same dia Omit end Auto HAuto
6 6 1 5 0.0 0.02 Same dia Omit end Auto Auto
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Loadcase: 21:RC Frame Design 1 470407
Entity: RC Frame - BS EN 1992-2:2005/NA2007
Compenent: Uti(max)

0.436498
0.498855

. 0935354

Maximum 0.866955 at node 10
Minimu m 0.405743 at node 12

860138

3935

859024

687754

708744

870624

860138

773330
0.614247

494892 3 gp7437

588149
708744

870624

Utilisation values are now all less than 1.0 and, 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 ‘X 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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Viewing the Results

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

Loadcase: 22'RC Frame Design 2
Entity: RC Frame - BS EN 1992-2,2005/NA:2007
Component: Util(max)

0.43704
0.499474
0.561908

0.87408
. 0.936514

Maximum 0.966955 at Gauss point 1 of element &
Minimum 0.405047 at Gauss point 2 of element 15

From this d

iagram the peak Utilisation value in the deck can be seen to be 0.937 as

previously obtained.

component, diagrams are drawn by flat-to-screen by default.

Note. When plotting diagrams of results such those for values of utilisation that have
/ no direction

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

Loadcase: 22.RC Frame Design 2
Enily: RC Frame - 63 EN 1065 2 2005NA2007
mbonent. Utkmax)

0966955 at Gauss point 1 of

slement 8
405047 at Gauss point 2 of element 18

37



RC Frame Design to EN 1992-2

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)

Detailed results for selected row. Help
Summary | Min/max reinforcement area check | LS check (6.1) | SLS (stress limitation) check (7.2) | SLS {crack cortrol) chieck (7.3.4) | Min reinforcement area cheek (7.3.2) |
Misation duete | | igcion Utiistion Utiisation Uelsaion due to
tne | Bement | Terd Section reinforcement | 52 ULS | dustosirees | dusto crack reiforcement | Uil

U‘Mﬁj‘maﬁ LKI{ULS) UKil{SLS,S) Utilforacking) Uﬂ:;m

1 5 8 1 Pler/PierSectionRel... | 0423776 0.839965 0.966955 0.0940743 0.144116 0.966955

2 6 8 2 | Pier/PierSectionRei... | 0430255 0.829224 0.958336 0.0890775 0.141881 0.958336

3 6 8 3| Pier/PierSectionRei... | 0436884 0.818203 0.545287 0.0841363 0.139667 0.545287

4 6 8 4 | Pier/PierSectionRei... | 0443667 7 0536787 0.0792607 0.137475 0536787

5 2 1 | DeckNominal/Deck 0311411 ¥ 537197 0.406418

[ 2 16 11 | DeckNominal/Deck 0311411 0.889755 0837214 0937197 0.406418 0937197

7 6 8 5 | Pler/PierSectionRel 0.45061 0795114 0.92982 0.0744526 0.135303 0.92982

o 17 Diaalehlosminal /Dol 0911219 00073001 0010004 0.gacon: 0 ADCA10 0 oocon: =

e Select Row 5 (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 Onthe 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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| File

Save

Viewing the Results

RC Frame Detailed Results [_ o] <]
Resistance interaction surface. | Hew | JULS check (6.1) - Section at uttimate resistance =l
Detailed results = h
a2

Analysed section
Line
Bement 17
Intemal point
Section DeckcominelDeckSectenerinalRe s

1452
Design assumptions
The section is under uniaxial bending, the direction of bending is determined by the nevral as angle
The moment inthe direction pemendicular to the neural ads i ignored
angle_r 00 Ideg] Neural axis angle (between neutral axs and 2 axis
Design parameters - - WELS -
Courtry United Kingdom L 1
Design code  BS EN 1952-2.2005/NA:2007 I 7 ~
e 7] 1452 N\ 04e4 vize J ) 4m 242
gammae 15 ] s A Fa
gammas 10 a \ S
Partial factors for materials for serviceabiliy limit stats (SLS) Yo e
gamma_c [ e s K K
gammas 10 a eel SO F . S
Coefficient for long tem effects and unfavourable b resuling from the way the load is applied
alpha_cc 85 8} For concrete
alpha_ct 10 5} For steel
Material properties 1482
Concrete: Isol
fek MTBAEI  kN/m2) Cheracteristic compressive cylinder strength of cor
fed 22666763 [eN/m2) Design compressive strength of concrete
Eom 35.0E6 /2] Secant modulus of elasticty of concrete ffor short 1
Eclong 11666766 [kN/m2] Modulus of elasticty of concrete consideing creer
Eceff 12091566 kN/m2] Effective modulus of elasticty of concrete (used in 24
= 17563 ] Strainin concrete at reaching maximum strength bl
epu I5E3 B Utimate compressive strain lmi in concrete
fom 35086263 KkN/m2) Mezn value of aal tensie strength of concrete: -

+ Rebar

Creep parameters — Compressed concrete (linear stress-strain relation for concrete)
Phi 20 a Creep coefficiert J;l -== Cracked concrete
4| | »

e Click the Add to report I=2 button at the top of the dialog.

e Choose OK to create a report.

o 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 Rptl 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 20mm 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 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 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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Discussion on optimising the reinforcement in the deck

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'stop | 12's top faces
16's btm faces| 12's btm 20's btm faces 12's btm 16's btm faces
: [ | T |
¢ —— S *

@

10m

14m

<

*————Prt— >

» &

®

'Allowed to stretch’

25m

@

@

A

10m

14m

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

faces 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

(X}

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.

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.
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Reinforcement Section Allowed to stretch Length Edit... |
1 |5:DeckSectionEndSpanReirf [0 100 Insert |
2 |6:DeckSectionintemal Support Reirf O 80
3 | 7-DeckSectionCentral SpanReinf ® N/A Delete |
4 |6:DeckSectionintemal Support Reinf (@] 8.0
5 [5:DeckSectionEndSpanReinf (& 100 Move up |
Move down |
100%
1 ! ! |
I I i I I
| [ [ |
| 1 | 2 | 3 7/% | 4 | ) ‘
L L L I
' [ L [ |
1 1 1 i
" . & -
10.0 80 20 100
Mame | Ful_length j : (new)
OK I Cancel | Apply | 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.

Geometric line attribute

The existing geometric line attribute for the
deck ‘DeckNominal (deck)’ needs to be edited

Analyss category [0

. . B s
to reference the Full_length line reinforcement S O - CE—

utility, and given a new name of  comm & :

Deck_Full_Length, before saving the

100%

definition. :
(only used for RC.
3:Full_length ~ . ‘
Value
Cr A 1.49205
of area about y axds {lyy) 0294294
of area about z axis {lzz). 153212
Fi of area (v2) 0d
Torsional constant (J) 10.540736
Effective shear area in y direction (Asy) 1.05384
Fffective shear area in z direction (Asz) 10.346535
Eccentrictty in y direction (ey) 00
[Eccentricty in z direction (ez) 00
vesgise... | Taperng > | wl
‘ Neme [DedcPull Length = ﬁ @

Close e | Help
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Discussion on optimising the reinforcement in the deck

All three lines representing the deck then need to be
selected, and the existing Geometric line assignment Fﬁiﬁ::ﬂfﬁes Eiji:ﬂ";fmes
DeckNominal (deck) that is assigned to them, must be

de-assigned from the selection.

Analysis IAnaIysis 1 j

¢ Consider selection as a single assignment

Multiple selected lines
’7 €~ Consider each selected item individually

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

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:

Loadcase: 22:RC Frame Design 2
Entity: RC Frame - BS EN 1992-2:2005/NA:2007
Component: Util{max) i

0.39313

0.458652

0.524174

0.589696

0.656217

0.720739

0.786261 -

0.851783
[ 0.917304 %
Maximum 0966955 at Gauss point 1 of element 8
Minimum 0.377259 at Gauss poln(2 of element 18 / ’

|
.
. T~
e |
-

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, along with a
slight reduction of utilisation at the top of the piers.
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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 geometric line attributes are assigned to each line in the deck
DeckSection DeckSection DeckSection
NominalReinf CentralReinf NominalReinf
16's to all faces  [16's 20's to lowest two faces 16%s  16's to all faces

1 T
® ° e °
[ ] [ J
2m | | 'Allowed to stretch’ ] 2m
14m | 25m o 14m |

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

Bar diameters required
Faces DeckSectionNominalReinf DeckSectionCentralReinf
6and 11 16 20
All other faces 16 16
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Discussion on optimising the reinforcement in the deck

[}

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.

Reinforcement Section Allowed to stretch Length Edit... |

1 | 3:Deck SectionMominal Reinf [@] 2 Insert |
2| 14: Deck SectionCentral Reinf (O]

3 |3:Deck SectionNominal Reirf c 2 Delete |

Move up |

Move down |

100%

Mame |DeckLineCentralReinf j ﬂ (15)

oK I Cancel | Apply | Help

The central region is un-dimensioned and would be ‘Allowed to stretch’ to fit the
remainder of the length of this span.
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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

Reinforcement fonly used for RC design checks)
’7 10:Deck ineCentralReint ~
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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: 22:RC Frame Design 2
Entity: RC Frame - BS EN 1092-2:2005/NA:2007

Component: Util{max)
0.408693
0.476809
0.544924

0.61304
0.681155

0.749271
0.817386
0.885502
0953617

Maximum 0.966955 at Gauss point 1 of element 8
Minimum 0.353915 at Gauss point 2 of element 18

/

o

r”'/ g

When compared to the values that previously passed the initial design check, a slight
reduction in the maximum utilisation for the end spans is seen.

So, in 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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