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Appendix 2 - Using reference lines

This appendix includes a set of examples, which demonstrates the design process using the
interaction between NovaFrame and NovaDesign.

The use of reference lines is essential in this approach.

First there is an introduction to the background, which includes:
o Reference lines in NovaDesign
o Reference lines in NovaFrame
o Interaction between NF/ND and description of various methods.

A few examples are presented showing the practical implementation.

1 Reference lines in NovaDesign

1.1 General

NovaDesign uses reference lines to keep control of cross sections. Reference lines are in general
associated with a line and the variation of cross sections depending on the position along the line.
This is also the main motivation for using a line for holding cross sections.

Reference line no 0 is an exception, it is not a "line" but a collection of cross sections by their
numbers. (1, 2, 3... etc.)

Reference line

Section at station S2

Section at station S1

Fig.: 1.1-1 General concept of a reference line.
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Station is position along the reference line in meters. Between station S1 and S2 on figure 1-1 the

cross-section is calculated by linear interpolation.

The appearance of a reference line with several cross sections is shown on figure 1.1-2.

i Cross section design
Sezzion Dizplay Beference ine  Cross section  Properties Calculate Help VR model

IS=] E3

H 2A] =S8R sk albvel 2R3 el s

Selected reference Iine:l 10 bielke j Selected cross zechion:

11.000 Rectangular zection

[

|4.000 Rectangular section

0.000 Rectangular section

Current
reference line.

1800 mm

—H0 mm

Station number and
name of defined cross
sections.

11.0 Rectangularsection

Concrete:
foh =55 MPa
Rho = 2400 kg/m3

Section properties:
A= 0720000 m2
< =0.194400 mg
Iy = 0.009600 md
It =0.033152 md

Center of grawvity:
CoGex=0.000 m
CoGy=0000 m

Taotal reinforcement area:
Az =3436 mm2

Taotzl prestressing area:
Azp= 0 mm2

Fig.: 1.1-2 Reference line with 3 cross sections.
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1.2 Adding or modifying a reference line

Reference lines can be added in NovaDesign by selecting Reference line... and New.. in the
Cross section design dialog menu:

Heference line E

— |dentification
[D: I Marmne: I

— Reference line properties

¢ Station by horizontal prajection, i.e. cross section is vertical <4— | Type of reference line:
™ Station by vertical projection, i.e. cross section iz horizontal. Roads are typically in
€ Station by lenght of line, i.e. cross section iz perp. to reference line. horizontal projection, while
; columns are vertical
[ projection.
1D Stationno.  Mame

<4— | Axis is a labeled station. The
defined axes can be used as a
reference to specified location

iz data

et on the line.
nser |
Az o, I-I

Az narne: I ﬂl
Station no: ID m [relete |

O I Cancel | Help |

By default only reference line 0 is defined.
The type of reference line is an important choice.

1.3 Types of Reference lines

Horizontal projection, type = 1:

This is the way roads are defined. The curvature is defined in the horizontal plane. The length
position (stations) along the line is referred to the length in the horizontal plane independently of
the vertical curvature of the road.

Vertical projection, type = 2:

This is preferred for columns, however even members with an inclination relative to the vertical
Z-axis may use station numbering by vertical projection. The length position (stations) along the
line is referred to the length of the projection on the Z-axis.

Station numbering by length of line, type = 3:
For more general geometric curves there is need to have a station numbering by the length of the
actual curve. This implies no projections.
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Z-coord Road with vertical curvature

v

Station 1 Station2 Station in
X-Y -plane

Fig.: 1.3-1 Reference line with horizontal projection.

Z-coord

Line with vertical projection

Station 2]

Station] _|

v

Fig.: 1.3-2  Reference line with vertical projection.
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1.4 Cross section relative to reference line

In some situations it is advantageous not to position the cross section COG on the reference line.

M Cross sections

Input file] Section] Dimensions] F'u:nints]

Section
Reference line:

Panel: Refline connection ] Face asscu:iatiu:nn]

Section;

| 1 Owverkant brodekke j

Section points
Connection reference point

~

|8.001 Buel

fzet from refline to reference point
wedirection |0 m
“-direction; |0 m

Position of the cross sections
COG relative to the reference
line can be specified.

By default the COG of the cross
section i positioned on the
reference line.

[nzert

ASCI1file

COMM. 1. 0,000, 2. 14.0. 0.000, 0.000 -
COMM, 1, 0300, 2,14.0, 0.000. 0.000

COMM. 1. 030, 2. 15.0. 0.000, 0.000

COMM, 1, 6933, 2,15.0, 0.000. 0.000

COMM. 1. 7.000, 2. 14.0. 0.000, 0.000

COMM. 1. 8000, 2. 14.0, 0.000. 0.000 3

Apply

Cancel | Apply Al

Help

Fig.: 1.4-1

Note:

Positioning cross section COG relative to reference lines.

This option is only available for cross sections associated with a refernce line of type = 1, i.e. for

sections associated with a road.

It is not recommended to use both COG offset and offset from a section point on the same
reference line. Interpolation of offsets between sections with each of the two types will fail!
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O - Reference line

tv

L

b

Default, in COG

A
Y

L X

In a section point

Y
L |
— X | L
Offset from COG
A
Y
— X

Offset from a section point

Fig.: 1.4-2

Positioning cross section COG , available option..

Please note that correct signs on the ordinates are found when positioning the section COG or section
point relative the reference line position (= "local origo").
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2.1 General

Reference lines in NovaFrame

NovaFrame and NovaDesign shares cross sections by using reference lines. This is done either

by:

Reference Line = 0; Cross sections defined in NovaDesign can be assigned to elements in the
frame model by their number. Available section shared with NovaDesign can be viewed in the
"Available section -drop list" of the Element Specification card in the Build Model , menu

selection.
= Geometry input
Jaintz I Design sect. I tdazs | Wind fact. I
|nput file I Modes I Elements I Sections Elem. spec. Boundaries
— Element data
Ma:  Mame: Type:
Ayallable Key Sections: 10 Bruplate HD j Kb
1 MF
.10 Bruplate [ |
Firzt: I-l I-Ilj ID :: Z><
I— Inzert! |
ok & Default oy
Ik I-| IEI ID € Column cl = Delete!l
—ASCl-file
s
ul r Apply! |
Cancel I Apply all Help |

Figure 2.1-1

Assign cross sections on reference line 0 to elements.

Reference Line "not = 0"; Cross sections defined in NovaDesign along these reference lines can
be assigned to elements in the frame model. This requires that the nodes in each end of the

clements are generated based on stations on the reference line. For making this work the reference
lines must be assigned to have geometry.

As a rule Reference line 0 does not have any geometry, others must have geometry if they are to
be used by NovaFrame. See section 2.4.
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2.2 Defining reference lines in NovaFrame

See section 1.3 on a description of the different reference line types. This description is shared
with NovaFrame. Reference lines and their properties are found be selecting Reference lines... in
the Frame Preprocess menu.

= Reference Line Input E

Input file ~ Reference Line |ﬂ.:-:i$ I Har. Geam.l Wer, Geom, I By Coord. I Ealumnl WVIPS I

— Reterence Ling
Mo I

" Fioad - Station by horizantal projection,

™ Column - Station by vertical projection.

" General - Station by lenght of line. Insert |

MHame:; I

—ASCl-file
REFLIME 0 0 Sectiohs -
REFLIME 1 1 Senterwveg
REFLIME 2 2 Funddkse 2
REFLIME 3 2 Fundibkse 3
REFLINE 11 3 SkrdstavAl1-2 Vest
REFLINE 12 3 Skrastav 412 Bst
REFLIME 13 3 Endeplate A1
REFLIME 21 2 Soyled 2 vest
] ;IJ ool |

Cancel I Apply all | Help |

Fig.: 2.2-1

Input page for defining reference line in NovaFrame.

08.09.03

Page 9



Appendix 2 NovaFrame/NovaDesign

2.3 Defining axes in NovaFrame

Axes are labeled station numbers.

Reference Line Input

Inpt fiIeI Fieference Ling  Axis | Har. Geam.l Yer. Geom, | By D:n:nrd.l D:nlumnl WIPS I

iz Data
Az Mo I Az Mame: i
Ref. line Ma.: | 1 Senter veg j

Station Mo, IEI M |nSE[[|

A5 L -file
RFLaXIS 1 1 44212 4kse 1=
RFLaXIS 2 1 50.224 Akse 2
RFLAXIS 3 1 ER.240Akse 3
RFLAXIS 4 1 71.254 Akse 4
RFLAXIS 1 2 132800 Col. Elev.: 132,80 e
RFLAXIS 2 2 1415979 Col Elev.: 141,98
RFLAxIS 1 3 130.700 Col. Elev.: 130,70
RFLAxIS 2 3 141675 Col. Elev.: 141.67
o o o |

Cancel I Aaaly all | Help |

Fig.: 2.3-1 Input page for defining axes in NovaFrame

Using axes is fully optional, however it can improve both readability and reuseabilty to your
structural model.
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2.4 Reference line geometry

Assigning geometry to reference lines is done in NovaFrame. The methods for assigning
geometry consists of either:

0 Road geometry or
O a sequence of points

Assigning geometry as a road is only available for horizontal projection reference lines, i.e. type
= 1. Geometry defined by a sequence of points is more general and can be used for all reference
line types.

2.5 Road geometry - horizontal segments

This is used for defining curve segments representing the horizontal projection of the road in the
horizontal plane. The method is common for defining roads or railway tracks. The horizontal
segments consists of straight lines, circles or clotoides.

= Reference Line Input Ei

Input filel Reference Linel Pz Hor. Geom, I'\-‘er. Geom. I By Coord, I D:Iumnl WIPS I
— Horizontal geametry data

Hor. Segment Moo I Reference Line MNo.: I 1 Senter veg j

Segment Properties
i+ Dizcrete Segments " Chained Segments |

Segment Tupe
i+ Strait Line Segment " Circle Segment " Clataide Segment ‘

Start coord. Curve properties End coord.

Statior; I':' F start: IU Statiom: IU
#: [m] |'3| Rl erd: |El #: [m] |El
' [m] ID fi IU ' [m] IU Insert! |

— Horizontal Line Segments
RFLHORI 2 1 1 0000 QOO0 0000 150000 0.000 ;l

-
<] | > Apply!
Cancel I Apply alll | Help |

Fig.: 2.5-1 Input page for defining horizontal segments

The sequence of segments can be either chained or consists of discrete segments. The idea of this
choice is to support the possibility to have lines, which have instant changes in their direction.
The most common approach is however to use chained segments. Chained segments require less
input data.

Chained segments uses the end-direction and the end coordinates of the preceding segment in
order to calculate its own position and end properties. A sequence of chained segments must
always start with one discrete segment.
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Discrete segments are stand-alone segments, which does not use any information from other
segments.

Fig.: 2.5-2

Fig.: 2.5-3

Fig.: 2.5-4

(X1, Y1, Stationl)

Type = 1. Straight line Linje

(X2, Y2, Station2)

Horizontal segment type= 1

(X1, Y1, Stationl)

R1

R2 =R1

Type = 2. Circle

(X2, Y2, Station2)

Horizontal segment type= 2

(X1, Y1, Stationl)

Type = 3. Clotoide

Clotoide parameter: A

(X2, Y2, Station2)

Horizontal segment type= 3

08.09.03
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2.6 Road geometry - vertical segments

The vertical curvature of the road geometry is given by defining vertical segments. These consist
of strait lines or circular curves.

The data for segment is start elevation and start station, end station and end elevation, radius of

curve segment if this is a circle. There are no "chained" properties for vertical segments, each
segment is discrete.

&= Reference Line Input |

Input fiIeI Reference Linel R | Hor, Geom. “er Geom. I By Coord. | I:u:ulumnl WIPS I

—Wertical Geometry data
Wer. Segment Mo I1 Reference Line Mo.: I 1 Senter veg j
Segment Type
& Shait Line Segment " Circle Segmert
Statior: Eler. Z: Tl R adits:
Start: |0 i Jo 157l
End: ||:| ID Inzert! |
—Mode
RFLWVERT 1 1 1 0000 142371 18177 141.788 D.D;I
RFLVYERT 2 1 2 18177 141.738 429384 141.762 400
RFLVERT 3 1 1 425984 141762 52962 142081 0L
RFLWVERT 4 1 2 528962 1420681 BE206 141580 -10C
RFLYERT & 1 1 EBE206 141.530 126.000 135420 0
1] | » Applyl |

Cancel I Apply all | Help |

Fig.: 2.6-1 Input page for defining vertical segments
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Available segment types for defining vertical curvature:

(Z1, Stationl)

(Z2, Station2)
Type = 1. Strait line

Fig.: 2.6-2 Vertical segment type= 1.

(Z1, Stationl)

R (Z2, Station2)

Type = 2. Circle

Fig.: 2.6-3 Vertical segment type= 2.

R>0

Radius sign convention

Fig.: 2.6-4 Vertical segments, sign conventions.
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2.7 Defining geometry by a sequence of coordinates

Using coordinates defines a line, which is the linear interpolation between the defined
coordinates. Stations are calculated as the length along this line or a projection of the line.
This method can be used for defining general lines.

= Reference Line Input I

| Fpat fiIeI Feference Linel Az I Har. Geon. I Wer. Geom. By Coord. | Eolumnl WIPS I

— Coordinate data

Coordinate no.: I Feference Line No.: I 1 Senter veg j

Coordinate Type:
|7 ' Firzt Coord. = Mest Coord.

Hekoord, [m] koord [m] Z-koord. [m]  Station [m]

ID ID |D |D Inzert! |

— AECI1-file

RFLCOORD 1 11 1 -1.000 44612 138785  0.000 -
FFLCOORD 2 11 2 -1.000 S0.00F 134800  0.000

FFLCOORD 3 12 1 3500 44612 138785 0.000

FFLCOORD 4 12 2 3500 S0.00F 134800  0.000

FFLCOORD & 13 1 1250 43962 139785 0.000

FFLCOORD 6 13 2 1250 43962 143000  0.000

FFLCOORD 7 41 1 -1.000 70.854 139258  0.000

FFLCOORD & 41 2 -1.000 G654 134000  0.000 =

<] _rl_l &pply! |

Cancel I Apply all | Helg |

Fig.: 2.7-1 Input page for defining coordinates

1:(X, Y, Z, Station)

2:(X,Y,72) 5:(X,Y,Z)

3X,Y,2) 6:(X,Y,Z

4:(X,Y,7Z)
Type =1 for the first point, type = 2 on the points that follow.

Fig.:2.7-2 Sequence of coordinates.
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2.8 Defining columns in NovaFrame;

Columns can be defined in NovaFrame. The column definition consists of connecting a reference
line with vertical projection at a specific station of reference line with projection in the XY-plane.
The coordinate at the specified station or axis is calculated and the geometry of the column
reference line is automatically calculated.

= Reference Line Input |

Input filel Reference Linel iz | Har. Geom. I Yer, Geom. I By Coord,  Colurnn I'\-"IF'S |

— Column data

Feference Line to be uzed az column:

— Column position by — -
Column posgition by Reference Line Mo.:

I 1 Senter veq j

* Station ) Auis

— Column data:

Station no.: IEI [m] & Auta. calc. top eley.
Dffset: ID [m] " Give top elev.: IU [
Angle: IEI [ded]  Bot slev.: ID [m] Ireert!

— ASCI-file:

RFLCOLUM 2 1 1 G0224 1250 000 0.000 132800 -

RFLCOLUM 3 1 1 65240 1.250 000 0000 130700

RFLCOLUM 21 -1.000 0000 0000 132800

RFLCOLUM 22 2.500 0000 0000 132.800

RFLCOLUM 3 -1.000 0000 0000 130700 -
!

RFLCOLUM 32 500 0000 0000 130700 -
H Applyl |

1
1
1
1

[ R A ]

Cancel I Apply all | Help |

Fig.: 2.8-1 Input page for defining columns.

The column does not need to be located directly on the reference line. An offset and an angle can
be specified to get the column positioned. This is described on the figure below:

- Offset Positiv angle

/

\ Column position

Fig.: 2.8-2 Offset and angle when positioning columns.

+ Offset
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The user specifies the column bottom elevation. Top of elevation can be specified geometry or
automatically calculated. Automatically calculated top elevation is top the z elevation of the
reference line in the specified station.

What happens?

When defining a column the column reference line will get its geometry defined. The geometry
definition consists of two coordinates, see section 2.7. The first coordinate is at the bottom
elevation and the second is at the top elevation. See figure 2.8.3.

In addition two labeled axes are defined. One at the bottom and one at the top. They are
numbered as axis 1 and 2.

Column reference line
Axis 2. Top elevation Road reference line -
Coord no. 2 "
Geometry of the
column reference
line is defined
between these two
axes.
Axis 1, Bot. elevation /
Coord no. 1
Fig.: 2.8-3 Vertical reference line with data generated by column command.

Local axis direction for columns:
Automatically the local L-axis of the column will point in the direction of the road at the specified
station. The user can override this.
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Nodes on reference lines

One of the main objectives of all the definitions and input is now to be assembled. Defining nodes
are done by using the Nodes card, found when selecting Build Model... from the Preprocess
menu:

= Geometry input |
Joints | Design sect. I M ass I whind fact, I
Inpuit file Modes Elementz I Sections I Elem. zpec. I Boundaries
—Mode data

IJee Reference line no.:

Give node data I:n_l.J:_
’}h Coordinates * |

& O fsis O Auis2 =l

I 1 Senter wveg

Mode Station no.:

Firzt: I-I ID
|
Last. |1 |0 lns_e'tl
- I'I Deletel |
— &S Ll -file

A SMODE 100 10517 1 1 2 0.000 -1.002 -
AxISHODE 106 120 1 1 2 3 0.000 -1.002
AXISMODE 121 127 1 1 3 4 0.000 0000
RFLMODE 171 12 1 13 0.0007.902
RFLMODE 14 14 0 13 266 266
MODEIMS 13 13 0 1.2500 40,712 1404 0.000 0.000 0.000

3 _D|LI Apply! |

Cancel I

Apply all | Help |

Fig.:

3-1 Input page for defining nodes.

The reference line geometry and the section connected to the reference line are used to calculate
the coordinate of the reference line and the distance from the reference line to COG where the
node is to be positioned.

Typical nodes generated for a cantilever bridge is shown on figure 3.2.

Reference line

\ 4

Generated Node at station S2

NN

Generated Node at station S1

Fig.:

3.2

Defining nodes on reference line by reference to stations SI1 and S2.
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The sequence of calculations:

O The cross section in station no. S1 and S2 are calculated.
COG is computed

The coordinate of the reference line in station S1 and S2 are calculated.

]
a
O Offsets from COG to reference line are added.

The alternatives for defining nodes on reference lines are presented below:

S1 = Start station
S2 = End station
N = number of nodes

(S2-S1)/(N-1)

S1 S2

L o - - . - - L .
? . ? >
First Last

Node Node

Fig.: 3.3 Defining nodes on reference line by reference to stations S1 and S2.

S1 = Start station = Station From axis
S2 = End station = Station To Axis

Rel 1 = Distance relative From Axis [m]
Rel 2 = Distance relative To Axis [m]

) dS/(N-1) .
Axis . Axis
First

Last
_Node _ Node |

JRel 1] ] |Rel 2JI
|

dS=(S2+Rel2)—(S1+Rell) AI/

From

v

U

Fig.: 3.4 Defining nodes on reference line by axes alternative 1.
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Specify number of element between each axes.
Length of elements will depend on distance between
each pair of axes.
Axis Axis
From To

e S R e S

|, 5 elements l
¥ 1

Fig.

235 Defining nodes on reference line by axes alternative 2.

Specify which node numbers to be asscosiated with
which reference line coordiantes.

Node

Coord
No

Fig.

;3.6 Defining nodes directly on coordinates which describe the reference line.
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4 Element properties

Elements are defined as usual by assignment of nodes to each end of the element. It is the nodes
who are defined by the reference lines. This chapter intends to clearify how the properties of an
element between two nodes are calulated.

The two simplest situations are:

Al:

A2:

Both node 1 and node 2 are on the same reference line. Element area and stiffness
parameters are the average stiffness of cross section in node 1 and node 2 of the element.

Neither node 1 or node 2 are connected to a reference line. Element area and stiffness
parameters cannot be calculated. Properties of the element must be made using a section
number from reference line 0 and by specifying an ELSPINScommand in NovaFrame.

Further, if neither A1 or A2 is valid then:
The unit direction vector of the reference line asscociated with node 1 and node 2 are calculated.
Also the the unit direction vector of the element M-axis, (=lenghth axis ), is calculated.

Nodes are asscosiated with different reference lines (or only one of them is):

B1:

B2:

B3:

B4:

Element M-axis is parallell to the reference line in node 1 and not parallell to the
reference line in node 2:

Element properties are calculated based on section properties in node 1. In addition
section properties at node 2 are calculated for the same reference line by using the station
number at node 1 corrected for the element length.

Element area and stiffness parameters are the average stiffness of cross section in node 1
and node 2 of the element.

Element M-axis is parallell to the reference line in node 2 and not parallell to the
reference line in node 1:

Element properties are calculated based on section properties in node 2. In addition
section properties at node 1 is calculated for the same reference line using the station
number at node 2 corrected for the element length.

Element area and stiffness parameters are the average stiffness of cross section in node 1
and node 2 of the element.

Element M-axis is parallell to the reference line in node 1 and also parallell to the
reference line in node 2:
Element properties are calculated based on section properties in node 1.

None of the reference lines are parallell to the element M-axis:
The reference line and station number at node 1 are used if found. Otherwise the
reference line and station number at node 2 are used

Some specific rules:

0 Young's modulus, Poisson ratio and f,, for partial creep factor calculations are all based on
the properties found in node 1.

0 When calculating partial creep the partial creep factor is calculated fully for both ends 1 and 2
before an average is made.

a Ifcross section is specified by the ELEMSPEC command then this section will override the
properties found according to reference lines.

0 The tolerance on parallell is 18 degres.
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Node 2
A R2 - Reference Line 2

Node 1

@ @ R1-Reference Line 1

@ O ® O- >
®
(o}

Element 1: Connection type Al.

Element 2: Connection type B4. R1 at node 2 is used for properties.

Element 3: Node 1 and Node 2 are defined on Reference Line 1; Connection type Al.
Element 4: Connection type B4. R1 at node 1 is used for properties.

Element 5: Connection type B1. M-Axis is parallell to R2.

Element 6: Connection type Al.

Fig.: 4.1 Element properties derived from nodes on reference line.

Note!

Inclination between COG line and the reference line; The user must ensure that geometry is as
intended.

Note!

Default local axis orientation can be overridden for elements with properties based on reference
lines. This is done by using ELEMSPEC command and referring to section no. 0. By doing this
the section definition from reference lines will not be affected/overridden.

Note!

Section properties are based on homogeneous concrete sections. The amount of prestressing and
reinforcement are not included in the calculation of stiffness properties. If other stiffness
properties than homogeneous are to be used in an analysis then this can be done by using
appropriate parameters for a NovaFrame cross section on reference line 0.

Note!

Reasons for why the calculation of element properties fail;

e If calculation of a section at a specific station will attempt to interpolate between two sections
with different number of section points.

e No section at the specific station number is found.
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S Methods

There are several methods of assigning element properties:

1. Using NovaFrame sections on reference line = 0.

2. Using NovaDesign sections on reference line = 0.

3. Using NovaDesign sections on reference lines. (Nodes are calculated by reference line!)

4. Specify nodes to be calculated by reference lines but overriding some of the section
calculated by the reference line by specifying section directly on the element, sections from
reference line = 0.

5.1 NovaFrame sections (Reference line = 0)

This is the traditional method and does not require any interaction with NovaDesign. The sections
are defined in NovaFrame in the Section input card. These sections are not available in
NovaDesign for the purpose of design calculations.

5.2 NovaDesign sections (Reference line = 0)

This is the first step using interaction between the two applications. The sections are defined in
NovaDesign in the Section Design Dialog. The sections are assigned to specific elements on the
structural model by using the Element specification page. The stiffness properties of the section
will now be used in the analyses of the structure.

Design of the section is performed for all results associated with the section. These results are the
section forces in all design sections of all elements, which uses the section.

Consider the examples below:

A Section 1 A Section 2 A Section 3 (NF)

Ex.1:

%.AOAOAOAOAOAOAOAOA

Ex.2:

p AL N DA A ND N
E;:AOAOAOAOAOAOAOAOA

Fig.: 5.1 Elements and sections by their numbers.

/A A/
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Example 1:
The NovaDesign cross-section no. 1 will be used for all elements. After an analysis a design of
this cross section will be performed for the design sections of all the elements.

Example 2:

The NovaDesign cross section no. 1 is used for the elements close to support and section no 2 is
used in the field. Design of section 1 and 2 will be performed for the design sections of all the
elements to which they are used.

Section 1 will be designed for typically negative moments and section 2 for typically positive
moments.

Example 3:

The NovaDesign cross section no. 1 is used for the elements at support and section no 2 is used in
the mid field. Cross section 3 is used for the rest of the elements. Design is only performed for the
results of the elements that has either section 1 or 2.

Section 1 will be designed for support negative moments and section 2 for maximum field
moment. Section no 3 is not used in the design, only as a section with stiffness properties in the
analysis.
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5.3 NovaDesign sections by reference lines

This is the most efficient way to achieve a full design of cross sections along a line.

The Nodes must be generated along the reference line in order to get the correct node coordinates
and in order to find the element section properties from the interpolation along the reference line.

In the analysis the element section properties are calculated based on the station along the
reference line at each end of the element.

When starting the design calculation the cross section is calculated at each element design section
and a design calculation is performed for this cross. For a description of element design sections
see section 3.7 of the manual.

(Each element design section has an unique station number on the reference line.)

Note on reinforcement:

The reinforcement definition and step criteria for a section are valid from the station it is defined
until a new cross section is defined on the reference line.

However the calculated utilization and reinforcement amounts will be unique for all the element
design sections. Reinforcement stepping will be used for each of the design sections in order to
achieve an optimal design.

Note on prestressing:

The prestressing definition is valid from the station it is defined until a new cross section is
defined on the reference line. For sections with variable position of the cable along the reference
line this imply that a number of sections needs to be defined in order to give the cable a
reasonable accurate position along the line. The cable positions are not interpolated between two
sections. The cable position will however vary according to the variation of the sides of the
section to which they are connected.

n
»

S1 S3 S2 Reference line

Design section at station S2

AN

Design section at station S3

Design section at station S1

The element is between station S1 and S2 on the reference line. Section forces are calculated
for all the design sections of the element. The design sections are in this example in S1, S3 and
S2. The cross section is calculated in each of the design sections by the help of the station
number associated with each of the design sections. A design calculation can then be
performed for each of the cross sections.
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5.4 Overriding NovaDesign sections by reference lines

This method can be used for:

0 Performing limited design
O Speed up the calculation process
0 Reduce the amount of results

The first approach is as described in section 5.3, but an additional step is made by overriding the
section calculated according to the reference line. This overriding is made by specifying sections
by their number on specific elements using the Element spec. Page.
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