Description

RC Frame Design to
EN 1992-2

For LUSAS version: 21.0
For software product(s): | LUSAS Civil & Structural or LUSAS Bridge.
With product option(s): | RC Frame Design

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
65kN 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.

Design combinations are included in the model that is created from the file provided.
These comprise ULS persistent combination Set B, SLS characteristic combination and
SLS quasi-permanent combination for EN 1990 — 2002 Footbridges UK.

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

Objective
U 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, Design Combinations
Enveloping, Member Utilisation Ratio, Reporting

Associated Files

Associated files can be downloaded from the user area of the LUSAS website.

U rc_frame_bridge.lvb creates an initial model with general attributes
assigned and load combinations and envelopes defined, ready to add
reinforcement details and subsequently carry out a design check.

O rc_frame_bridge_modelling.lvb creates a model with all reinforcement
details defined and assigned in order to carry out a design check.




Modelling

Modelling
Running LUSAS Modeller
For details of how to run LUSAS Modeller, see the heading Running LUSAS
Modeller in the Introduction to LUSAS Worked Examples document.
Creating a Model
|F"ij e Enter a file name of rc_frame_bridge
ew...

e Use the default User-defined working folder.
o Ensure an Analysis type of 3D is set.
e Click the OK button.

Note. There is no need to enter any other new model details when the intention is to
/ run a script to build an initial model, since the contents of the script will overwrite any
other settings made.

| File @-l
Script > e To create the model, open the read-only file rc_frame bridge.lvb that was
Run Script.... downloaded and placed in a folder of your choosing.

A model ready for defining member reinforcement is displayed.

. @l Use the Isometric button to show the true section shapes, and then select
again to return to the view of the unfleshed line beam model.




| File

Save

RC Frame Design to EN 1992-2
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e Save the file.

Defining member reinforcement

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

e In the & treeview double-click the Pier (D=0.8 (HSS D=0.8)/ D=0.55 (HSS
D=0.55) entry.




Defining member reinforcement

In the ‘Reinforcement (only used 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.

On the Longitudinal tab click in the first cell of the grid and select New. A
section reinforcement dialog for the chosen 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.

Face data

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)

Section Reinforcement x

Shape outline from

2:Pier {D=0.8 {HSS D=0.8)/ D=0.55 (HSS D=0.55))

FaceData Layers of rebar  Additional bars

3

Row | Face [ Actual coverto link | Nominal coverto bars__| Allowance for link |
1 | Al 0.03 Actual 0.01 EH

Add Delete

Name | RnfSct1 ~ ‘ =

(new)

== = e

Layers of rebar

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.

Select the Layers of rebar tab and change the No. of bars to 4 and the Bar
diameter to 0.020. Click elsewhere in the grid top force the display to update. A
row of bars will appear in the section for face 1.
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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, S 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 outiine from

2:Pier (D=0.8 (HS5 D=0.8)/ D=0.55 (HSS D=0.55))

FaceData Layersofrebar | Adcitional bars

e End distance|

1 ame.
ame

ame
ame
ame
ame

FEET T
o
El
g
E

Convertrow to additional bars Sort add Delete

Name | PierSectonRenf <] 2 tew

e Change the name to PierSectionReinf and click OK to return to the previous
dialog.




Defining member reinforcement

Defining torsion / shear reinforcement

Line Reinforcement

Shear and torsion reinforcement.

Torsion/shear-dosed links [ shear legs local z

Shear and torsion properties (Advanced)

Auto

[ shear legs local v

Longitudinal = Tarsion links

5 Coverto Allowed to
No. of Bars | Dia. of Bars Spacing Centre of Bar| stretch Length
Insert
1 1 0.01 02 0035 ¥ ® N/A

Delete

Move up
Maove down

100%
1
Name | PierLineReinf v : {new)
Cancel Apply Help

e Back on the Line reinforcement dialog, select the option for Torsion/shear-

closed links.

e Go to the Torsion links tab. If the outer faces can be assumed to have fully
anchored reinforcing bars that can be taken as a torsional link, the No of Bars
can be set to 1 (as in this case).

o Enter the Spacing as 0.2.

e Change the Cover to Centre of Bar to 0.035.

e Enter a name of PierLineReinf and click OK.

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

Note. Shear checks are typically carried out using an equivalent rectangular section
that represent the narrowest part of the web of a concrete section. For non-rectangular
section shapes (such as the hexagonal piers used here) the use of the Auto option will
allow a best estimate of equivalent shear and torsion properties to be automatically
calculated and allow a design check for those members to take place

Defining deck reinforcement

e Inthe G&) treeview double-click the DeckNominal (Deck (Shox...)) entry.
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e In the ‘Reinforcement (only used for design checks)’ panel click on the drop-
down list button and select New. The Line Reinforcement dialog will be
displayed.

e On the Longitudinal tab click in the first cell of the grid and select New. A
section reinforcement dialog for the geometric line attribute is displayed.

Face data

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 X

Shape outiine from

2:Fier (D=0.8 (HSS D=0.8)/ D=0.55 (HSS D=0.55))

FaceData Layersofrebar Additional bars

n s
5 7

Row | Face [ Actualcovertolink | Nominal coverto bars | Allowance for link |
003 Actual 0.01] £

Add Delete

Name | Rnfscts v‘ =] (rew)

Corel = el

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

Defining layers of rebar

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

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




Defining member reinforcement

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 end bars defined for faces 4, 8,9, 6 and 11.

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

Section Reinforcement (=3

Shape outine from

[:peckiominal (Deck) -

Face Data | Layers of rebar | Additional bars

Altemate Start End =
Row| Face layer | No of Bars| Gap |Bardiameter| ' Lol Endbars | g dist

2 I Seme da Seme dia Auto Auto

6 Same da Same dia Auto Auto
g Sameds Sameda At MO i |B

Someda Omi both Ao Huto

7 7 2 Same dia Omit both Auto Auto

6 10 2 Same dia Same dia Auto Auto

7 L) 1 12 0.0 0.012 Same dia Same dia Auto Auto

g 11 1 10 [ 0012 Seme da Seme dia Auto Huto
B 10 1 & ] 0012 Sameda . Omibath Auto Auto 2

Convertrow toadditonalbars | [ sort  |[  add | [ Delete
Name DeckSectionNominaReinf - =@
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e Change the name to DeckSectionNominalReinf and click OK to return to the
Line Reinforcement dialog.

Defining shear and torsion reinforcement / properties

e Select the options to define Torsion/shear-closed links, Shear legs local z and
Shear legs local y.

Note. When carrying out RC Frame design, shear and torsion checks are typically
carried out using an equivalent rectangular section. All geometric line attributes
assigned to a model that use a section shape for which a best-estimate of equivalent
shear and torsion properties can be automatically calculated, will allow a design check
for those members to take place. Members with sections that are not supported (such as
this hollow box deck section) will require an equivalent shear and torsion section to be
assigned to them for this to happen.

In this example, an equivalent rectangular section needs to be defined based upon the
depth of the deck (1.25) and the average width of the box section part of the deck i.e.
top width + bottom width /2 = (2.4+1.5)/2=1.95

e In the Shear and torsion properties (Advanced) panel click on the drop-down list
and select New.

e For Height (D) enter a value of 1.25

e For Width (B) enter a value of 1.95

e Select the Hollow shape check box.

e For tfl enter a value of 0.2

e Select the tf1=tf2=tw1=tw2 check box option

Equivalent Shear and Torsion Section *

Equivalent section dimensions

Height (D) - local z [ Hollow shape ax 4o
Viidth (B) - local v 1 i 4z T
2] tFi=t2=twl=tw2 B “-;.4:- D
12 0.2 et
w1 02 +
T

tf, _
w2 0.2 L_B_J

Shearin z direction  Shearin y direction  Torsion
Effective web width
e Change the name to EquivalentDeck and click OK to return to the Line
reinforcement dialog,
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Defining member reinforcement

Line Reinforcement X
Shear and torsion reinforcement Shear and torsion properties {(Advanced)
] i i ]
Torsion /shear-cosed links shear legs local z L:EquivalentDeck "

shear legs local v

Longitudingl Transversez Transversey i

No.of Bors | Dioof Bars | Spacing | Zorerl% | Moredi® | ongt
Insert
1 1 0.01 0.15 0.035 ® NAA
Delete
Mowve up
Move down

e On the Line reinforcement dialog, go to the Torsion links tab and enter the
Spacing as 0.15. Change the Cover to Centre of Bar to 0.035 and leave the value
for Dia. of bars as 0.01.

e Go to the Transverse z tab and enter the Spacing as 0.15 and leave the value for
Dia. of bars as 0.01

e Go to the Transverse y tab and enter the Spacing as 0.15 and leave the value for
Dia. of bars as 0.01

e FEnter the name as DeckLineNominalReinf and click OK

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

Note. When defining links for box sections, if the 4 outer faces have fully anchored
reinforcing bars that can be taken as a torsional link, then 'Torsion/shear closed links',
No of Bars = 1 can be stated. If the 4 inner faces have reinforcing bars which can be
used to carry vertical (z-) and horizontal (y-) shear, then 'Shear legs local z', 'No. of
legs' = 2 and 'Shear legs local y'. No. of legs' =2 can be stated.

11



| Attributes

| Material >
Concrete (RC
Frame / slab

design)...
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Defining Concrete (Reinforced) Material

A general concrete material has already been assigned to the suppled model. However,
for RC Frame Design a reinforced concrete material attribute must be defined and
assigned to all lines representing concrete members. The ‘Reinforced Concrete’
material is a compound material that references both concrete and steel properties for a
chosen design code in a single material attribute.

RC Material *

e Select Country (Region) UK.

e Select EN1992 from the droplist
for Design code.

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

Country Europe il

Design code | EN1992 s

Concrete section

Material
Isa1 {C40/50 | Concrete | EN1952-2:2005) -

Reinforcement

Material

Iso2 (5508 | Steel - Reinforcing bar | EN1392-2:2005) ~

the drop-list.

e For Reinforcement select New. In
the Material Library dialog that
appears select Standard EN1992- Hame [ Reinforced Conarte HEr)
2:2005 and Grade 500B. Accept -
the default name and click OK.

Cancel Apply Help

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 (press Ctrl + A keys).

e Drag and drop the Reinforced Concrete (EN1992) 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

With the model loaded:

EI 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.

12



| File

&)

Running the Analysis

[New...

| File

| Script

~ |Run Script...

If the analysis is successful...
Analysis loadcase results are added to the (E) 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 (E) 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.

Rebuilding a Model

If it proves impossible to correct the errors reported, a file is provided to enable you to
re-create the model from scratch and run an analysis successfully. You may download
this file from the user area of the LUSAS website.

O rc_frame_bridge _modelling.lvb carries out the modelling of the example.

gl Start a new model file. If an existing model is open Modeller will prompt for
unsaved data to be saved before opening the new file.

o Enter the file name as rc_frame_ bridge
e Use the default User-defined working folder.
e Ensure an Analysis type of 3D is set.

e Click the OK button.

Note. There is no need to enter any other new model details when a script is run to
build a model, since the contents of the script will overwrite any other settings made.

To recreate the model, select the file rc_frame bridge modelling.lvb that was
downloaded and placed in a folder of your choosing.

;I Rerun the analysis to generate the results.

13
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Viewing the Results

Analysis loadcase results are present in the (2 Treeview. A deformed mesh layer will
be added automatically to the to the =" Treeview.

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.

Meshing considerations

Design checks can be carried out at:

e Averaged nodal - results for nodes at the ends and within each beam element
that is assigned to a member are averaged at each node.

e Unaveraged nodal - results for nodes at the ends and within each beam element
that is assigned to a member are unaveraged at each node.

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.

14



| Design
|RC Frame Design...

| Attributes

Design
RC Frame Design

Viewing the Results

Checking against a Design Code

e From the country drop-down menu | #€frmepesign %
choose UK. Country = =

. Design code BS EN 1992-2:2005/NA:2007 R
e From the Design code drop-down menu

Partial factors for materials - ULS

choose BS EN 1992-2:2005/NA:2007. Concrete (Gamma_c)
The Nationally Determined Parameters Reinforcing steel (Gamma )

NDPs) used in the design checks for the Tl -ae
( ) g Conerte (Gamme_ o I
code are shown on the dialog. A

. . Coefficient for long term effects for concrete

e Click the OK button to finish. Hipha_oc
Alpha_ct
Defaults Cancel Help

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.

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.

The RC frame design attribute dialog is displayed:

e For Beam, accept the default values for [fmmedeereremstsen x
o . . . . General | Bending and axial force ear and tersion o
minimum and maximum reinforcement ratio | Feeere s Smedmmis =
of 1.3¢-3 and 0.04 respectively, and change | Frmmrrecsmminse
Manimum reinforcement ratio

the name to Deck. Click Apply. 5
Column
Minimum reinforcement ratio 20E3

o Select Column, accept the default values for Maimum renforcement raia 004
minimum and maximum 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 Gﬁb treeview onto the selection.

e Select the two lines representing the piers,
then drag and drop the attribute Pier from

the & treeview onto the selection. Neme |
Cancel Apply Help

15
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RC Frame Design
Results...

Creating RC Frame Design Results

On this dialog, selections can be made to specify which parts of a model should be

checked for which load groups. From the resulting entry in the (2 treeview the design
check results can be viewed and tables of results can be obtained.

In the Extent p anel, SGlGCt All RC Frame Design Results (Euracode 2) X

Extent

members. @ All members

In the Design check locations drop
down menu ensure that Averaged
nodal is selected.

In the Load Groups panel press the — L.igom
Select button for ULS.

On the Select Loadcases dialog
presented, select ULS P B S (Max) Doign chack nams Cosd group

and ULS_P_B_S (Min) and add to the
Included list. Click OK.

Min/max reinforcement area (9) uLs
ULS bending and axial (6.1) uLs

NEEERRE

<<l <]<]e

In the Load Groups panel press the
Select button for SLS -

ULS shear y and torsion (6.2; 6.3) uLs

Characteristic. J——
On the Select Loadcases dialog gl R Frome Desn 1 -] (e
presented select SLS_C_S (Max) and Help

SLS C. S (Min) and add to the
Included list. Click OK.

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

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

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

An RC Frame Design loadcase entry ) named RC Frame Design 1 will be added
inside a Post processing / Design Check results folder structure in the (X treeview.

Plotting Results Contours and Values of Utilisation Ratio

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

16



Viewing the Results

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.

e On the Contour properties dialog, select entity RC Frame — BS EN1992-
2:2005 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 — BS EN1992-2:2005
and component Util(max) from the drop down lists. Select the Values Display
tab and set the Maxima value to 100% to see all values and click OK to finish.
to see utilisation results for all members.

Loadcase: 43:RC Frame Design 1 (EN1992 | Nodes) fﬁ%s“
Entity: RC Frame - BS EN 1992-2:2005/NA:2007 -
Component: Util(Max) 0.840700
| s e

077901 Torooses

0.973763 63804

116852 1 7556[j

138 A

154755 (S iy
Maximum 2.03244 at node 12 of element 6 . 0 a47217

Minimum 0.279666 at node 27 of element 14

’_2703244 0.539643

75867
1 638t
0278666

§ —
E 79956“*@1560
0840700 0.376652
— 0447217
0.840700

0.539643

70_799554

From the nodal results it can be seen that the utilisation values exceed 1.0 in the deck at
both pier supports and also in the central span. Results for these locations will require
further investigation. Utilisation values in the piers are less than 1.0.

Note. Because the design check locations were set to be Averaged nodal, 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.

17
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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.

e In the ™ treeview right click on loadcase RC Frame Design 1 and select Show
Results.

Summary results

e With the Summary tab selected, expand the table and click the Util(Max) label
at the top of the last column to sort by Utilisation value in ascending descending

RC Frame Design Results (BS EN 1992-2:2005/NA:2007) - [m) X
Section: [Al ~| e [ v|  Eement (A v
Detailed results for selected row. Display only results for selected lines Select lines in model Select elements in model Help

Summary  Min/max reinforcement area (3)  ULS bending and axial {6.1) SLS stress limitation (7.2) SLS crack cortrol (7.3.4) SLS min reirforcement area (7.3.2)  ULS shear z and torsion (5.2; 6.3) LS sheary and torsion | 4 | *

Uiisation of min Uiisation of i ~
andman WUisatonof  ISEONOTygegen of mimm UWecllonafs - Usation of e
Line Bement  Node Section reirforcement mﬂbLs) limitation Lirﬁck madth) reinforcement torsion {6.2: 6.3) torsion (6.2 6.3) Uil (Max)
ares ! UKI(SLS.S) lorecking rsa (F2.Mx) Uki(Fy M)
Uti{Amin.Amax) Uii(Amin)

2 17 17 | DeckNominal/Deck 0.287 1.561 1742 0842 0272
2 15 15 DeckNominal/Deck. 0.287 1.am 1106 0.801 0594
2 18 19 Deck Nominal/Deck. 0.287 1.259 1251 0.797 0617
1 14 15 | DeckNominal/Deck... 0.287 1193 1177 0.800 0.504
3 18 19 | DeckNominal/Deck... 0.287 1.05 0249 0.800 0.485
3 2 21 | DeckNominal/Deck 0.287 0.260 0024 0.841 0893
3 21 21 Deck Nominal/Deck. 0.287 0.260 0024 0244 0841 0993
2 15 16 Deck Nominal/Deck. 0.287 0.739 0074 0843 0.842 0344
2 16 16 | DeckNominal/Deck... 0.287 0739 0074 0349 0842 0344

17 1 Dy Deck 02237 DEIE 0 06 0243 0 33 0369 hd

From the Summary table it can be seen that:

e For the deck sections the maximum values are for the ‘Utilisation of crack width
Util(cracking)’ 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 would be seen for the pier sections) the Section name will also
include a parametric distance value to indicate where along the length of line the
section applies.

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 (7.3.4) tab.
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Viewing the Results

e Expand the width of table and sort the Utilisation of 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 (BS EN 1992-2:2005/NA:2007) = o X

Detailed results for selected row...

Select lines in mode!

Display only results for selected lines

Select elements in model

Help

Summary _ Min/max reinforcement area (3) ULS bending and axial {6.1) SLS stress iimtation (7.2) SLS crack control (7.34)  SLS min reinforcement area (7.3.2) ULS shear z and torsion (6.2: 6.3) ULS sheary and torsion (6.2 6.3)

=
Liiing
Lne  Bemert MNode Secton Loadoase i o il il i caceted et fﬁ!‘éi“i&fﬂ
Felkh] Wkl MekNml W) e Uiiracking)
i | s e e e ]
G 17 DeckominalDeck SIS 6P 5 Fumin by, iz 24EV5 | -14613E3 00 14613363 033 060972263
PG 17 DeckNominalDeck SIS oP s Flymalz | 2465 | 1451383 00 14613383 033 060972263
PG 17 DeckHominalDeck S5 0Ps Fe My Mz 24605 | 14613E1 00 14612983 033 060972263
2 | . 17 DeckMNorinal Deck S5 0Ps Fiyomse | 246325 | 14613383 00 14613963 033 080973263
2 | . 17 DeckMNorinal Deck sls.0Ps Fi My Mamin 246325 | 146133 00 1461333 033 080973263
2 | W 17 | DeckMeminalDeck..|  SLS.OP.S FanaxMyMz | 246325 | 1461333 00 14613083 033 060972263
2 | W 17 | DeckMeminalDeck..|  SLS.OP.S Fin by, Mz 24625 | 1461083 00 1461383 033 060972263
2 17 17 Deck Mominal/Deck SLS QP S Fx Mymax,Mz -24.6325 -146133E3 00 1461333 033 0.609732E-3
2 17 17 Deck Nominal/Deck SLS QP S Fx, Mymin Mz -24.6325 -146133E3 00 1.46133E3 0363 0.609732E-3
2 | 17| DeckNominalDeck S5 oP s Fliylmae | 24635 | 14513383 00 1461383 033 060973263
2 | W 17 DeckNominalDeck S5 oPs Fo iy Mamin 4605 | 14613E1 00 14613383 033 060972263
2 | 1 15 | DeckNominal/Deck SLS.OP_S FanacMyMz | 246325 | 192188E3 00 15215883 033 052760163
18 16 It Dack 1 i1 E e b 24 £976 1971R0E7 o0 1971R0E7 0 0 RIFENIED hd

Viewing detailed results for a deck location

e Select the first row 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.

RC Frame Detailed Results - O X
= Help SLS crack control (7.3.4) - 'Cracked' section v
Detailed results =2 b,
42
\Analysed section
Line 2
Elemert 1
Node 7
Section DeckNominal/Deck SectionNominalReinf/Equivalert Deck /Reinforced concrete 1452
Design parameters
Courtry UK
Designcode  BS EN 1592:2:2005/NA:2007
D424
Partial factors for materials for umate lmit states (LILS)
gammac 15 3] For concrete
gammas 115 H Forsteel
Fartial facters for materials for serviceabilty limt: state (SLS) 2 242
gammac 10 H Far concrete
gammas 10 8] Forsteel
Cosfficiert forlong tem effects and unfavourable effects resuting from the way the load is applied
adphacc 035 8] For concrete
alpha_ct 10 8] Forsteel
Material properties
1452

Concrete: Isol
fok 40063 3 Characteristic compressive cylinder strength of cor

28 days
fod 226667E3  kN/md Design compressive sirength of conorete
Ecm 35,066 TeN/m3 Secant moduius of elasticty of conerete for shot

loading)
Eclong 116667E6  KN/m3 Modulus of elasticty of concrete considering creer yimE 2

lang em loading)
Eceff 15061366 DeN/m3 Effective modulus of elasticity of concrete fused in

calculations) + Rebar
ep 1.75E3 H Strain in concrete at reaching maximum strength —— Compressed concrete (linear stress-strain relation for concrete)
epu 1563 H Utimate compressive strain It in concrete - === Cracked concrete
< >

19



RC Frame Design to EN 1992-2

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 o x
= Help SLS crack control (7.3.4) - 'Cracked' section ~
=z w5 ] T IO RO ST -
Detailed results for each bar \2'42
Bar No. Cover k3 Barspacing  SigS feteff

m] H [m] [kN/mg [kN/m
LX) 0.04 34 0190088 395455E3  3.50882E3
3 004 34 0161516 474392E3  350882E3
35 004 34 0161516 47433263 35088263
% 004 24 0155472 47439E3 35088263 1452
37 0.04 34 0153472 47439263  3.50882E3
3 0.04 34 0159472 47439263  3.50882E3
3 0 34 0159472 47439263 35088263
40 004 34 0159472 47439263 35088263
£ 004 4 0158472 474392E3  350882E3 uns
a2 0.04 34 0161516 47439263 35088263 - ]
4 0.04 34 0161516 47439263  3.50882E3 e ) S = E
4 0 34 0190088 395455E3 35088263 N I W
7 004 34 00552023  230425E3  3.50882E3 ) Tdsz N\ 04w odse [ 7 -dm 24
7 00491003 34 00453076  425598E3  350882E3 R i
72 0.04 34 00252133 425598E3 35088263 (Y oass A
7 0.04 34 0116574  425598E3  3.50882E3 LRSS R Y
) 0 34 0110261 425598E3 35088263 AV P A
75 004 34 0141888 425598E3  350882E3
7 004 a4 0141888 425598E3 35088263
7 0.04 34 0110261 425598E3 35088263
7 0.04 34 0118574  425598E3  3.50882E3 oy
i 0.04 34 00252139 425598E3  3.50882E3
80 00491003 34 00453076 425598E3  3.50882E3
81 004 a4 00852023  238425E3 35088263
Summary results
Bar No 35 8] Bar number
whiax 023 ] Limting calculated crack with it 42
e 060973263 [m] Crack width
Utiferacking)  2.03244 H Ukilisation of crack width v Rebar
Cendiion net satisfied: uiiisation > 1 —— Compressed concrete (linear siress-strain relation for concrate)

v -~ Cracked concrete

< >

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 most of the bars to be in faces 6 and 11 (the lower and upper faces of the
bottom of the box section).

o Close the Detailed Results dialog.

Viewing detailed results for a pier location

e On the RC Frame Results dialog select the Summary tab

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

RC Frame Design Results (BS EN 1992-2:2005/NA:2007) - o X
Section: [Al ~|  Line: [0 <] Eemert  [A M
Detailed resits for selested row. Display only results for selected lines Select lines in model Select elements in model Felp

Summary | Min/max reirforcement area (9) ULS bending and xial (6.1)  SLS siress imitafion (7.2)  SLS erack control (7.3.4)  SLS min reinforcement area (7.3.2)  ULS shear z and torsion (6.2, 6.3)  ULS sheary and torsion (6 * | *

i Whonot SN g Umn | Mstmdds Ulstond e .
Lne  Eement Node Section eirforcement 3 s crack width wilorcement  PIIG o ey, L
area U(ILS) ey Uereckng) arez T ey
Uti{Amin,Amax) Ut (Amin)
3 22 22 DeckNominal /Deck.. 0.287 0415 0.043 0433 0.841 0293 0.000 0.841
1 1 1 DeckNominal /Deck. 0287 0.000 0.000 0.000 0.800 0210 0.000 0.300 I
1 13 14 DeckNominal /Deck.. 0.287 0409 0.097 0434 0.800 0353 0.000 0.800
1 14 14 DeckNominal /Deck. 0287 0409 0.097 0454 0.800 0353 0.000 0.300 I
3 19 20 DeckNominal /Deck.. 0.287 0.306 0.072 0434 0.800 0334 0.000 0.800 I
3 20 20 Deck Nominal /Deck 0.287 0306 0072 0434 0.800 0334 0.000 0.800
3 22 23 DeckNominal /Deck.. 0.287 0.000 0.000 0.000 0.800 0.205 0.000 0.800 I
6| 8|0 [rermesemnie | 02m | ose | osss L oos | e om0 | oss |
5 1 1 Pier/PierSectionRei. 0.540 0.000 0.183 0.000 0.055 0172 0.000 0.540
6 2 2 Pier/PierSectionRei 0540 0.000 0183 0.000 0.055 0363 0.000 0540
6 2 8 Pier/PierSectionRei. 0.322 0477 0484 0.000 0.100 0276 0.000 0434
6 6 8 Pier/PierSectionRei 0322 0477 0484 0.000 0.100 0276 0.000 0484
5 3 3 Pier/PierSectionRei. 0.447 0.100 0.182 0.000 0.067 0.162 0.000 0.447
5 1 3 Pier/PierSectionRei 0447 0.100 0.182 0.000 0.067 0162 0.000 0447
6 4 4 Pier/PierSectionRei 0447 0208 0307 0.000 0.068 0312 0.000 0447 h

Scroll down the table and select the first entry for the pier (this should be Line 6
Element 8 Node 10) and then click the Detailed results for selected row button
at the top of the dialog.

Detailed results will be displayed.

RC Frame Detailed Results - O X
Resistance interaction surface. Help ULS bending and axial (6.1) - Section at ultimate resistance ™
Detailed results -
Analysed section
Line 6
Elemert 8 . .
Node 10 0292133
Section Pier/PierSectionReinf / 0.133 / Reinforced concrete
Design parameters
Country UK
Design code  BS EN 1992:2:2005/NA2007
Pattial factors for materials for utimate limit states (ULS) /’
gammae 1.5 H For cancrete N
gammas 115 H Forsteel N 0292138 0.0873757 00573787
Partial factors for materals for serviceabilty limit state (SLS) 5
gammac 10 8] For concrete Y -
gammas 10 0 For steel Ne B
Coefficient for long tem effects and urfavourable efects resuting from the way the load is applied
alpha_cc 0.85 H For concrete
alpha_ct 10 H For steel . .
Material properties 0292123
Concrete: Iso1 L L L] L]
fek 4D0E3 TN/m Characterstic compressive cylinder strength of cor
28days
fed 226667E3  [kN/md Design compressive strength of concrete
Ecm 35,066 kN/m? Secant modius of elasticty of concrete for short
loading) Jmfeeess
Eclong 1166676 [kN/m] Modulus of elasticity of concrete considering crees
lang tem loading)
Ecff 19.9265E6  [kN/m7 Effective modulus of elasticiy of concrete used in * Rebar
calculations) —— Compressed concrete (constant stress-srain relation for concrete)
ep 1.75E-3 H Strain in concrete at reaching maximum strength —— Compressed concrete {linear siress-strain relation for concrete)
epu 35E3 H Uttimate compressive strain limit in concrete: v === Cracked concrete
< >

Note. When accessing detailed results from the Summary page the appropriate cross-
section diagram showing the extent of the tension or compression in the section will
need to be selected from the droplist in the top-right of the dialog.

21



RC Frame Design to EN 1992-2

Interaction surface diagrams - for pier

For ULS results, interaction surface diagrams can be produced.
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.

RC Frame Design - Resistance Interaction Surface (My, Mz, Fx) O X
Mumber of interaction diagrams My/Mz |15 |3{  Points per interaction diagram My/Mz |20 |5 Help
View 20 | Vigw 30

Rotate | [ Isometric | [ view: Fc | [ view: My | [ view: Mz

shape
— Fx
— My
— Mz
— Fx=-13285[kN]
— = Fx=-12257[kN]
Fx=-11125[kN]
Fax=-9993[kN]
Fx=-88361[kN]
Fa=-7728[kN]
Fx=-6537[kN]
Fi=-5465[kN]
Fa=-4323kN]
Fx=-3201[kN]
F=-2065[kN]
—== Fx=-1451[kN]
Fax=-937[kN]
= Fx=195[kN]
— Fx="1327[kN]
— Fx=2453[kN]
=== Internal forces

Fx=-1.4B167E3[kN] Mz=23.1538E-6[kNm)] My=1.10108E3[kNm] M=1.10108E3{kNm] alpha=21.0734E-5rad]

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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Viewing the Results

RC Frame Design - Resistance Interaction Surface (My, Mz, Fx) O X
Number of interaction diagrams My/Mz k Points per interaction diagram My/Mz |20 Help
View 2D View 3D
1 ZEEZSEI/—— — Fx=-13363[kN]
=== Fx=-1461[kN]
— Fx=2458[kN]
- =+~ Internal forces
e .
e .
g 7597511 S
o .
- .,
/ N,
4 N\
ya N\
T
Z fa 53251
=
N
=
1.26625E3 -753.751 -25325 25325 759.751 1 2662563
2351 7
J
AN /
\, /
N /
N /
e
N 7597511 -
™, yd
. -
-1.26625E3-1 Wy [ihim]

Iy=-852 96 1[kNm] M=1.06262E3[kNm] alpha=2.5026[rad]

Fa=-1.46131E3kN] Iz=633.736[kNm]

This isolates the My Mz plot for the applied axial force in the selected row.
e Close the Resistance Interaction Surface dialog.

e Close the Detailed Results dialog.

Changes required following the initial design check
As a result of the initial design check:

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

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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RC Frame Design to EN 1992-2

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’rs treeview.
e In the sf’lb 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.

Face Data Layers of rebar  Additional bars

= =]

Row | Face Layer |MNo.ofBas| Gap |Bardiameter| "M™® | Engpars | S3 pog gigtance
3 3 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 3 1 12 0.0 0.016 Same dia Same dia Auto Auto
8 1 1 10 0.0 0.02 Same dia Same dia Auto Auto
9 10 1 & 0.0 0.016 Same dia Omit bath Auta Auta
10 12 1 6 0.0 0.016 Same dia Omit bath Auto Auto

W

Convert row to additional bars Sort Add Delete

The RC Frame design results will be re-calculated as shown below:
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Viewing the Results

Loadcase: 43:RC Frame Design 1 (EN1992 | Nodes) IU-955974
Entity: RC Frame - BS EN 1992-2:2005/NA:2007 1
Component: Util(Max) 0.354509

. 0.316697 Torzr082
0.395871
0.475046 1@1 829

0.55422 806267
0.633394 o 5557{
0.712569 0.56Y770
0.791743
0.870917 0.484485
m 0.950091 0357984 0.376652
Maximum 0.992235 at node 1 of element 1 . 0.447217

Minimum 0.279666 at node 27 of element 14 .
t5704087 Tromse40

0865747
0.8062
0279666

0.471829 F—O 321560

0821346 0.376652

1_ 0.447217
0391297

0539643

'mzzas

Utilisation values are now all less than 1.0 with the largest value of 0.992 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 In the "= treeview double click on the RC Frame Design 1 loadcase.
e Change the Design check locations from Averaged nodal 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 "2 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.
o In the = Treeview turn-off the display of the Values 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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RC Frame Design to EN 1992-2

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: 44:RC Frame Design 2 (EN1992 | IP) e
Entity: RC Frame - BS EN 1992-2:2005/NA:2007 //'
Component: Util(Max) -

py
0.316697 i
0.395871

0.475046 A

0.55422 "

0.633394 /"T

0.712569 -

0791743 -
0.870917 /
0.950091 -

Maximum 0.992235 at Gauss point 1 of element 1
Minimum 0.279666 at Gauss point1 of element 14

From this diagram the peak Utilisation value in the deck can be seen to be 0.992 as
previously obtained.

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

e Press the ﬂ button to see the contours on a fleshed model.
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Viewing the Results

Loadcase: 44:RC Frame Design 2 (EN1992 | IP)
Entity: RC Frame - BS EN 1992-2:2005/NA:2007
Component: Util(Max)

0.316697
0.395871
0.475046

0.55422
| 0.633394
0.712569
0.791743
0.870917
0.950091

Maximum 0.992235 at Gauss point 1 of element 1
Minimum 0.279666 at Gauss point 1 of element 14

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 In the = 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 (BS EN 1992-2:2005/NA:2007) =
Section: [Al v Line: [ v| Bement: [A v
Defailed results for selected row. Display only resulfs for selectedlines Select lines in model Select elements in model Help.
Summary  Miymax reinforcement ares (9) LS bending and aial (61)  SLS sress fiméation (7.2) 5L crack control (7.34) SLS min rerforcemert area (7.32)  ULS shear z and torsion (5.2: 6.3) UL sheary and torsion (64| *
e i Uit WSENE g e Wssndus s s .
lne  Bement "o Section reinforcement w“{ﬁs' limtation ng;mh; '“”’“E::‘”E’“ torson (6263 torson (62:6.3) UiMax)
w(mf‘ﬁ;ﬂm g LkiI(SLS,5) o i) Lki(F2, Mx) Ui (Fy M)

1 DeckMNorinal/Deck

3 2 10 | DeckNominal/Deck 0321 0087 0016 0054 0355 0974 0.000 0974

3 2 11| DeckMominal/Deck [EA] 0000 0.000 0000 0472 0366 0.000 0366

2 1 6 | DeckNominal/Deck 0321 0557 0577 0525 0355 0543 0.000 0543

1 1 2 | DeckNominal/Deck 0321 0025 0.006 0024 0355 0% 0.000 09%

2 17 5 | DeckNominal/Deck [EA] 057 0539 0559 0354 051 0.000 0534

3 2 11| DeckNominal/Deck 0321 o 0022 0075 0355 0518 0.000 058

3 2 10 | DeckNominal/Deck 0321 0024 0.006 0024 0355 0310 0.000 0310

1 1 3 | DeckMominal/Deck 0321 0048 0011 0046 0355 0880 0.000 0880

2 18 11| DeckNominal/Deck 0321 077 0718 0886 0471 0617 0.000 0886

2 15 1 |b Deck 0321 0851 0241 0886 0473 0534 0.000 0886 v
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RC Frame Design to EN 1992-2

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 (7.3.4) — ‘Cracked’ Section

RC Frame Detailed Results m] X
Resistance interaction surface. . Help SLS crack control (7.3 4) - 'Cracked' section h
Detailed results - by
42
/Analysed section
Line 1
Bemert "
Intemal point 1
Section Deck Nominal/Deck SectionNominalReinf/Equivalent Deck /Reirforced concrete 1452
Design parameters
Country Ui
Designcade  BS EN 1992:2:2005/NA:2007
0484
Pattial factors for materials for Ltimate lmit states (ULS)
gamma_c 15 H For concrete E
gamma_s 115 o For steel - N
Partial factors for materials for serviceabilty mi: state (SLS) a2 1452 \ 0484 0484 1452 242
gammac 10 3] For concrete ;
gammas 10 H Forsteel - paz4
Coefficient forlong tem effects and Unfavourable effects resuting from the way the load is applied
sphacc 085 3] For concrete
alpha_ct 1.0 8| Forsteel
Material properties
1452

Concrete: Iso1
fok 40063 Kh/m3 Characteristic compressive cylinder strength of cor

28 days
fod 2266573 N/ Design compressive strength of concrete
Eom 35.086 KN/m3 Secant moduius of elastioty of concrete for short

loading)
Eclong 11666766 kN/m3 Modulus of elasticity of concrete considering creey o

long tem loading)
Eceff 1186576 [cN/md Effective modulus of elasticty of concrete fused in

calculations) + Rebar
ep 1.7563 3] Strain in concrete at reaching maximum strength — Compressed concrets (linear stress-strain relation for concrete)
epu 3563 H Utimate compressive strain limit in concrete v === Cracked concrete
< >

e Click the Add to report =3 button at the top of the dialog.

e Choose Yes to create a report.

o Enter the title as Pedestrian Bridge and click OK.

e On the dialog that appears click OK.

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

|File _IE Save the model file.

|Save
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Discussion on optimising the reinforcement in the deck

This completes the example.

Discussion on optimising the reinforcement in the deck

| File

Save As...

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

If additional refinement of the reinforcement arrangement is required this may achieved
by adding more bars to a layer, 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 representing 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

With the previously solved re_frame_bridge model loaded:

El Save the model as rc_frame_bridge_optimise_option_1

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 Ultilities r treeview and editing the
DeckSectionNominalReinf section utility, editing the layers or rebar details and
changing the name to be DeckSectionEndSpanReinf, then repeating for the
DeckSectionInternalSupportReinf and DeckSectionCentralSpanReinf
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
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RC Frame Design to EN 1992-2

bending in spans. See the accompanying table for bar diameters required throughout

the deck.
One geometric line attribute is assigned to all lines in the deck N
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
16's btm faces | 12'sbtm | 20's btm faces "7 12'sbtm | 16's btm faces |
o e ] e ] ‘

| ®

@

@

10m

14m

A 4

8m

————rt—>

®

'Allowed to stretch’

25m

@

A
A 4

———PC——>

>

10m

14m

>

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

faces stated.

Fa

Faces Bar diameters required
End Span Internal Support Central Span
2 and 9 12 20 12
6and 11 16 12 20
All other faces 12 12 12
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Discussion on optimising the reinforcement in the deck

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.

Line Reinforcement X
Shear and torsion reinforcement Shear and torsion properties (Advanced)
o ]
[+ Torsionfshear-dosed links [“1shear legs local 2 LiEquivalentDack v

Shear legs local v

Longitudinal Transverse z Transversey Torsion links

Reinforcement Seclion Allowed to stretch Length Edit...
1 |3.Deck SectionEnd SpanReinf 9] 10 Tnsert
2 |6:Deck Sectionlntemal Support Reinf (@] g
3 | 7:Deck SectionCentral SpanReinf ® N7A Delete
4 |6:Deck Sectionlntemal Support Reinf @] 8
5 |3:Deck SectionEndSpanReinf (@] 10 Move up
Move down

100%

- v T\ v =

| i |
| 1 ' 2 5 2 A | 4 ' 5 |
| i | 1
100 20 80 100
Mame | Full_length] w | 2 (new)

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.
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Geometric line attribute

Geometic Line %

In the Attributes & treeview the existing
geometric line  attribute for the deck T

. : @ From ibrary / calaulatar arametric Sections ~
‘DeckNominal (deck)’ needs to be edited to oiniiimmel B — -
reference the Full_length line reinforcement — ocmrm™ ™~ e i
utility and given a new name of — o
Deck_Full Length, Dbefore saving the .
definition. W‘“

Reinforcement (only used for RC design checks)
8:Ful_length ~
Value
Cross sectional area (A) 149205
nd moment of area about y axis (lyy) 0254254
Second moment of area about is (122 153212
Product momert of area (y2) (i)
Torsional | constant (J) 0540736
Effeciive shear area n y drection (isy) 105384
Effective shear area in 2 direction (Asz) 0346535
Eccentricity iny drection (ey) (1)
}Eccemnmy in 2 direction (e2) 00
Visualise. . Tapering >> Section details.
Neme [Deck_Ful_Length ][] rewy

Corcel sosly e

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, ' Geametric Beam
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.

Assign to points

Assign to surfaces rolumes

Analysis | Analysis 1 ~

Multiple selected lines
(®) Consider selection as a single assignment
() Consider each selected item individually

Cancel Help

EI Select the Solve Now button and click OK to run the analysis.

Viewing results of Util(Max)

Results for loadcase RC Frame Design 2 are shown:
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Save As...

Discussion on optimising the reinforcement in the deck

Loadcase: 44:RC Frame Design 2 (EN1992 | IP)
Entity: RC Frame - BS EN 1992-2:2005/NA:2007 i
Component: Util(Max) -

0.318853

0.398566

0.47828

0.557993

0.637706 s
0.71742 T

0.797133
0.876846

0.956559 /

Maximum 0.997086 at Gauss point 9 of element 22 P
Minimum 0.279666 at Gauss point 1 of element 7

- T
f

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

With the previously solved re¢_frame_bridge model loaded:

El Save the model as rc_frame_bridge_optimise_option_2

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
DeckSectionCentralReinf.

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.
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Individual geometric line attributes are assigned to each line in the deck

DeckSection DeckSection DeckSection

P NominalReinf P CentralReinf P NominalReinf

P 16's to all faces ‘1‘6"4 16's to all faces but with... ‘41 g’g 16's to all faces

20's to lowest two faces
1 I ‘
. o | ® *
[ ] [ ]
2m PR 'Allowed to stretch’ PR 2m
14m 25m 14m

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

(5]

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 can be done by editing the DeckLineNominalReinf section utility, editing the
reinforcement bar details as shown below, then typing a new name of
DeckLineCentralReinf
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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, which has
20mm diameter bars in the two lowest faces in this span.

Line Reinforcement X
Shear and torsion reinforcement Shear and torsion properties (Advanced)
¥ ]
Torsion/shear-dosed links Shear legs local z L:EquivaientDeck )

Shear legs local y

Transverse z Transverse y  Torsion links

Reinforcement Section Allowed to stretch Length Edit...
1 [4:Deck SectionNominal Reirf o 20 Insert
2 |3:Deck SectionCentral Reinf ® NAA
3 |4:Deck SectionMNominal Reirf O 20 Delete
Move up
Move down
100%
| '

\ 1 | 2 i 3 |
i Il
——————— ————————————
20 20
Name | DeckLineCentralReinf V| @

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 DeckNominal (SBox...)
should be edited and renamed to be
DeckCentral and then be further edited
to reference the DeckLineCentralReinf
line reinforcement, as per the image
shown right.

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

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

Geometric Line

Definition

@® From lirary / caleulator
Rotation about centraid |0 | °
Mirrored about axis

() Enter properties

None ~

3D Thick Beam (Any beam)

Reinforcement (only used for RC design checks)
6:DecklineCentralReinf ~

ezorigin | Centroid | eyorign |Sameasez v

Parametric Sections ~
Box Sections -

1:Deck (SBoxSingleCell D=1.25 Wt=1 v
100%
z

B3 B4

Value
Cross sectional area (A) 149205
Second moment of area about y axis (lyy) 0294294
Second moment of area about 2 axis (lz2) 153212
Product moment of area (yz)
Torsional constant (J) 0.540736
Effective shear area in y direction (Asy) 1.05384
Effective shear area in z direction (Asz) 0.346535
i y direction (2y) 00
in 2 direction (ez) 0.0
Visualise.. Tapering >> Section details....
Name | DeckCentral v @

EI Select the Solve Now button and click OK to run the analysis.

Viewing results of Util(Max)

Results for loadcase RC Frame Design 2 follow:
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Loadcase: 44:RC Frame Design 2 (EN1992 | IP)
Entity: RC Frame - BS EN 1992-2:2005/NA:2007 4
Component: Util(Max)

0.316632

039579

0474948

0554106 /

0.633264
0.712422 i
0.79158

0.870738

0949896 / ‘

Maximum 0.992088 at Gauss point 3 of element 11
Minimum 0.279666 at Gauss point 1 of element 7

A~

e

Summary

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