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FINAL AND FORWARD STAGE ANALY SIS FOR CABLE-STAYED BRIDGES

Summary

Cable-stayed bridges are structural systems effectively composing cables, main girders and towers.
This bridge form has a beautiful appearance and easily fits in with the surrounding environment due to
the fact that various structural systems can be created by changing the tower shapes and cable
arrangements.

To determine the cable prestress forces that are introduced at the time of cable installation, the initial
equilibrium state for dead load at the final stage must be determined first. Then, construction stage
analysis according to the construction sequence is performed.

In general, with forward construction stage analysis, we cannot obtain cable pretension loads for each
stage which satisfy the initial equilibrium state at the final stage. By using cable pretension loads
resulting from backward stage analysis, we can perform forward stage analysis. However, newly
added function, Lack-of-Fit Force finds cable pretension loads for each construction stage from cable
pretension loads at the final stage without backward stage analysis.

This tutorial explains techniques for modeling a cable-stayed bridge, calculating initial cable prestress
forces, performing construction stage analysis and reviewing the output data. The model used in this
tutorial is a three span continuous cable-stayed bridge composed of a 110 m center span and 40 m side
spans. Fig. 1 below shows the bridge layout.

&0 Model View

Fig. 1 Cable-stayed bridge analytical model



ADVANCED APPLICATIONS

@ We input the initial

cable prestress force
values, which can be
calculated by the built-in
optimization technique
in MIDAS/Civil.

Bridge Dimensions

The bridge model used in this tutorial is simplified because its purpose is to explain the analytical
sequences, and so its dimensions may differ from those of a real structure.

The dimensions and loadings for the three span continuous cable-stayed bridge are as follows:

Bridge type Three span continuous cable-stayed bridge
Bridge length L =40 m+110 m+40m =190 m
Bridge Height Lower part of tower: 20 m, Upper part of tower: 40 m

Cable Cable
Tower \ Tower

\— Girder \_ Girde

| 40m 110m | 40m |

Fig. 2 General layout

Loading
Classification Loading Type Loading Value
Dead Load Self weight Automatically calculated within the program
. Cable prestress forces that satisfy initial
Cable Prestess Force Pretension Load equilibrium state at the final stageg
Derrick Crane Nodal Load 80 tonf
Jack Up Load Specified Displacement 10 cm
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Working Condition Setting

To perform the final stage analysis for the cable-stayed bridge, open a new file and save it as ‘Cable
Stayed Forward’, and start modeling. Assign ‘m’ for length unit and ‘tonf’ for force unit. This unit
systemcan be changed any time during the modeling process for user’s convenience.

>0 New Project
> & save (Cable Stayed Forward)

Tools Tab > Unit System
Length>m; Force (Mass)>tonf d

% Hep v

ol ot [H] il of Material 1) Dynamic Repart Generatar E Gaoi] 7
& < = 8 £

e wer e || e T Tt s |- Seismic Data Generator % Dynamic Report Image o o e o
it Preferences ommand | Sectional Praperty  Tendon Profle General Section o ext Graphic | Customize Pl
System Shel Calculator Generator Dosigrer L) Convert Meta Fes t0 DF Files | 7 Dyrimc Fencrt Ao Fecen st | ey eftor - Streen

Setting || Cormmand Shel | Generator | Dynarmic Report [ Editer | customizs |

-~ EEIVEREGIEINSS®] 2 R EL IR
| Base - IR
= Stustues Length Force (Mass) Heat
. Modes: 35
# 7 Elements: 40 om N (kg cal
= [Z] Propetties ki {ton)
w0 [T] Mateial 4 ) . ® keal 5
% T Section: 4 o ke ) 3 b
= & Boundaies © ton (ton) [}
A Supports: 4 ft T & I
Elastic Link :2
=, Static Loads in Kips ikipsjg) Bt @1
Stalic Laad Case 1 [Sef Weight ; Self W ¢
Stalic Load Case 2 [Addiional Load ; Add T &
Stalic Load Case 3 [Tension 1 Cable 1 - o ¢
Static Load Case 4 [Tension 2 ; Cable 2- - P @
Stalic Load Case 5 [Tension 3 Cable 3- ot : Selected Units are displayed n relevant
Stalic Laad Case  [Tension 4 Cable 4- dialog baees. Values are NOT changed vith
e Static Load Case 7 [lack Lp : Support M it
Set{Change Default Uit System
[\ Apply Cancel

4 Model View,

Stavic Analysis

B

Command Message /_Analysis Message

- =~8006 0

Fig. 3 Assign Working Condition and Unit System
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Definition of Material and Section Properties

Input material properties for the main girders, tower-bottom, tower-top and cables. Click &l
button under M aterial tab in Properties dialog box.

Properties Tab > Material Properties
Name (Girder); Typeof Design>User Defined
M odulus of Elasticity (2.1e7); Poisson’s Ratio (0.3)
Weight Density (7.85)

Input material properties for the tower-bottom, tower-top and cables similarly. The input values are
shownin Table 1.

Table 1 Material Properties

B Component Modulus of Elzasticity i FEle Weight Der31$ity
(tonf/m?) (tonf/m~)

1 Girder 2.1x107 0.3 7.85

2 Lower Tower 2.5x10° 0.17 2.5

3 Upper Tower 2.1x107 0.3 7.85

4 Cable 1.57x107 0.3 7.85

= Material Data x.
General
e Pmﬂerties 1 Hame: Girder
Material Section | Thickness P——
Type of Design | User Defined -
Standard  |Mone. =
1D Mame Type Standard DB Add... > s 53 =
1 Girder User Def. = P—
2 Lower Tower  User Def. \ATE. 73/ gia;ed onerets
3 Upper Tower  User Def. oES St L
4 Cable User Def, = Type of Material Code X
Capy © Isatropic Orthatropic ] B
Import User Defined
Moduls of Elasticty T | tonjm
7 Poisson's Ratio H 0.3
Thermal Cosfficient 0.0000+000 | 1/[F]
Weight Density .85 | tonfjm®
Use Mass Density: 0| tonfjm3fg
Concrete
Modulus of Elasticity 0.0000=-+000 | popyfjma
Paisson’s Ratio i o
£ >
Thermal Cosfficient 0.00002-+000 | 1fF]
‘Weight Density 0| tanfjm>
Close:
= 0 tonfimfg
Plasticity Data
Plastic Material Name HNONE v
Thermal Transfer
Specific Heat o kealitonf-[F]
Heat Conduction o kealim-hr [F]
Damping Ratio o
Ok Caneel Apply

Fig. 4 Defined Material Properties
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Input section properties for the girders, tower-bottom, tower-top and cables. Click __#dd | button
under Section tab in Properties dialog box.

Properties Tab > @ Section Properties

Value tab

Section ID (1); Name ( Girder)
Section Shape>Solid Rectangle; Stiffness>Area (0.8)

Input section properties for the tower-bottom, tower-top and cables similarly. The values are shown in

Table 2.
Table 2 Section Properties
15 c N Area XX lyy 12z
omponen 2 4 4 4
(m?) (m’) (m’) (m’)
1 Girder 0.8 15.0 1.0 15.0
2 Lower Tower 50.0 1000.0 500.0 500.0
3 Upper Tower 0.3 5.0 5.0 5.0
4 Cable 0.005 0.0 0.0 0.0
% Section Data x
<= Properties
Material ection Thidness ! Bult-Up Section
1D MName Type shape ~
b e toer vl Modfy... H 0.0000 | m
A 5 0o00 o
Copy
Import i S\
= Area 8.00000e-001 | m?
Ren e Asy 0.00000e+000 | e
Aot 1) O0000e-+000 | mé
It 1.50000e+001 | rmnd
lyy 1.00000e+000 | med
lzz 1.50000e+001 | rmnd
Cyp 0.0000 | m
gemE———’
Czp 0.0000 | m
== Cam 0.0000 | m
Oyh 00000 | m?
Qzb 0.0000 | e
Peri:0 0.00000e+000 | m .

Offset :
Change Offset ...

Center-Center

« Consider Shear Deformation.

oK Cancel

Fig. 5 Defined Section Properties
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Final Stage Analysis

After completion of the final stage modeling for the cable-stayed bridge, we calculate the cable initial
prestress forces for self-weights and additional dead loads. After that, we perform initial equilibrium
state analysis with the calculated initial prestress forces.

To perform structural modeling of the cable-stayed bridge, we first generate a 2D model by Cable
Stayed Bridge Wizard provided in MIDAS/Civil. Initial cable forces introduced in the final stage can
easily be calculated by the Unknown Load Factors function, which is based on an optimization
technique. The final model of the cable-stayed bridge is shownin Fig. 6.

-5 X
B epr—FX

UGN Properties 2

H ] User Define Change Praperty D El v
B8 Creepishrinkage T Mat=ial Lk s 1 | ﬁ@ ;

Design Taols

@ 1 Tnelastic Hinge ™
-
Group Damping

Material Plastc | Section  Section  Tapered Thickness | Moment . Property

Propertes | Bl Comp, Strenath Materid | Properties  Marager * Group Curvature [ Inelstic atera * | "

Material | Tirne Dependent Material [ Pstic”] Sertion | Inelastic Properties | Tabes |
CEEITEE®IEDSS® % -5 CEEST IS SR NN AR

1 Base ML

Table:
Stucture Tables

® g Result Tables
% 8 Design Tebles

57 Query Tables

4 Madel view, »

Reading Eean Element Result - Static Analysis -
Reading Bean Tendon Prinary Force - Static Analysis Bl

Command Message /i Analysis Message I« »

ot v [m [w |4 s b fnonde | (2l Y[ 2 £

Bl 006 00 ¢%2 0PA6D0

Fig. 6 Final Model for Cable-Stayed Bridge



FINAL AND FORWARD STAGE ANALY SIS FOR CABLE-STAYED BRIDGES

Bridge Modeling

In this tutorial, the analytical model for the final stage analysis will be completed first and
subsequently analyzed. The final stage model will then be saved under a different name, and then
using this model the construction stage model will be developed.

M odeling process for the final stage analysis of the cable-stayed bridge is as follows:

Main Girder Modeling

Tower Modeling

Cable Modeling

Tower Bearing Generation

Boundary Condition Input

Initial cable Prestress Force Calculation by Unknown Load Factors
Loading Condition and Loading Input

Perform Structural Analysis

Unknown Load Factors Calculation

©oOoN R WNE




ADVANCED APPLICATIONS

Main Girder Modeling

First generate nodes, and then model the girder (9@10+2@5+9@10m) by using the Extrude Element

function.

@ Front View, Node Snap (on), Element Snap (on)
Auto Fitting (on), <™ Node Number (on)

Node /Element > _-* Create Nodes
Coordinates (-95,0,0)

Nodes /Elements > 1 Extrude Elements
(  Select All
Extrude Type>Node->Line Element

Element Attribute>Element Type>Beam
Material>1: Girder ; Section>1 : Girder
Generation Type>Translate
Translation>Unequal Distance ; Axis>x
Distances>9@10,2@5, 9@10 4

Fi Base Ik
113 Girder

Beta Angle: |0 v | (peg)
Generation Type
© Translate Rokate © Project
Translation

Equal Distance
 Unequal Distance:

L 2 3 4 5 6 7 E 9 SIS VIV 13 14 15 16 17

iclary . D
P9 G\e ¥¥ Xopekte somimor @ H | P Z | Ty 4( N x Xoeete ;% [y Automesh EH t}ﬂ
L S 00 Am pne Mol (¥ o I m —= o [ Grotate |3 8 Mapmesh H '
Create  Translate Divide Merge ,Sgpmjatt Py MNodes | Create ‘\ Translate Divide Merge Intersect /l\ Miror Change  Elements
des Table | Elements o Parameters. Table
Hodes | Elements
CEEITRHEOIEAIS R ® <% S EESDRIE EQEEN N EE]

axiss @ x rbitrary
Distance_ [210, 285, 9010 |y
(Example : 5,3, 4.5, 3050
0,0,0

Y

Mergng Tolerance

apply Close 4\ Model View,

>

Command Message £ Ayl Weseae Le

U:-95,0,0

Fig. 7 Generation of Main Girders

ot [l [z 42 0 foonde] IS 2 (3

Bl >0000 00 €32 OPeP50
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Tower Modeling

First generate nodes at the lower ends of the towers, and then model Lower Tower (10m+5m) using
the Extrude Element function.

Node /Element> a-; Create Nodes
Coordinates (-55, 0, -20)
Copy>Number of Times (1) ; Distance (110,0,0) J

Node /Element > 1™ Extrude Elements
[ Select Window (Nodes : @ in Fig. 8 ; Node 22, 23)
Extrude Type>Node-=> Line Element
Element Attribute>Element Type>Beam
Material>2 : Lower Tower ; Section>2 : Lower Tower
Generation Type>Translate
Translation>Unequal Distance ; Axis>z
Distances>10,5

® Trarslate
Trarslation

Rotate © Project

PED

Equsl Diance
© Unequal Distance

e

Select Node 22 & 23. ﬁ

4 ] 8 1 ] ] w2 4 5 1] il 18 15 2

aais @3 Oy Oz O mbaray
Distances i [ 110, 295, 5810 |y
(Exampe : 5,3, 45, 905.0)

BA>80080I00 ¢l B

[ 1515 CommendMessoge A

U: -10, 0,0 G:-10,0,0 et w|m [w] 2 kb rede |2 [0 B2

Fig. 8 Generation of Lower Tower
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Togenerate the Upper Tower (10m+5m+3@10m), select nodes and use the Extrude Element function.

Node /Element > 1™ Extrude Elements

[« Select Window (Nodes : @ in Fig. 9 ; Node 26, 27 )
Extrude Type>Node-> Line Element
Element Attribute>Element Type>Beam
Material>3: Upper Tower ; Section>3 : Upper Tower
Generation Type>Translate
Translation>Unequal Distance ; Axis>z
Distances>15,3@10

le Stayed Forward] - [Model — X
B Heo - -5 X

Dl A HaQEE[N N

8 9 10 11 12 13 14 15 juj
" o 2
T Sooe Select Node 26 & 27. cep
© Trndite O Rotaks O Project $
Translation Q
Equal Distance 2 5 ®
© Unequal Distance Q
s % y @z Arbitrary (¥
Distences 15, 3010 n &
(Example: 5,3,4.5, 3@5.0) 34 e
0,0,0
O
. =
Merging Tolerance a
Apply Close @
=]
‘ . . e L - @
A
) E
@
Q
4 \ Model View,
Ik

,
ot wfm [e] e e 0 [ronae] 2T 82 2

Fig. 9 Generation of Upper Tower
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Cable Modeling

Generate cable elements using Truss of the Create Element function. Also check Element’s Local
Axes during the generation of cables.

Wiew {Elernent  Pr oad SC Pl Desig

CF Dynarric = (] View Point ~ o S ng I;,! p | 15 ucsjacs - [ dlose -
. I - T 2oom - hamed Yiew o i ] w® - e 1 t} - B Grids - ks . 7 Next
¢ Initid Previous . idden g, . .| Active Inactive nverse | ooy . sy e
View  View U Pan @ - Actve | GNP Windigwy [ Frevious
Dynamic View | Render View | Select | Acthities | Grick/Snap | G 5
m isplay Option...

Element> Local Axis(on) J

Node /Element > | Create Elements
Element Type>Truss
Material>4: Cable ; Section>4: Cable; BetaAngle (0)
Nodal Connectivity ( 34,1 )" ; Nodal Connectivity ( 34,3 )"
Nodal Connectivity ( 34,7 )™ ; Nodal Connectivity ( 34,9 )"
Nodal Connectivity ( 35,13)" ; Nodal Connectivity ( 35,15 )"
Nodal Connectivity ( 35,19)” ; Nodal Connectivity ( 35,21 )" .

€@
@
a
[e3
o
A
Materia H H
Mo, Mame
4 [4: cabk 2 =l
Section &
Mo, ame
][4 catle 2. B
e — a
© Eetasnge ) Ref. Point =]
Ref. vector A
Ndn\( i i =
fdal Connectivty
ontho 2

Task Pane

Tree Menu
press F1

Kl

Lol |
tont v [m ] % 42 P fond ) (I 0 [ 2

b~

For Help, pr

Fig. 10 Generation of Cables
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Stiffness of link is
defined as the force
required for unit
displacement.  Rotational
Stiffness is defined as
moment required for unit
rotation (in radians).

Beta Angle is entered to
define the orientation of
member.

Elastic Link

Boundary Group Name:
Default

Options
© Add Delete

Elastic Lipks

% | 500000 | konfim

| 10000000 | korfim

z | 1000 tonfjm
x| 0 torfemTrad]
v |0 korfom([rad]

! Shear Spring Location
Distance Ratio From End 1
SDy: |1 bz |1

Eeta Angle : o * | [deg]

Tree Menu RE

For Help, press F1

12

Tower Bearing Generation
M odel the tower bearings using the Elastic Link elements.

Bearing properties are as follows:
SDx: 500,000 tonf/m
SDy: 100,000,000 tonf/m
SDz: 1,000 tonf/m

Boundaries Tab > Elastic Link
1 Zoom Window (@ in Fig. 11)
Options>Add ; Link Type>General Type
SDx (tonf/m) (500000) ; SDy(tonf/m) (100000000) ; SDz(tonf/m) (1000) @
Shear Spring Location (on)
Distance Ratio From End | : SDy (1) ; SDz (1)
Beta Angle > (0) @
2 Nodes (26,5)
2 Nodes (27,17) d

Load

(D EE [~ 2R

i Base

e pod

€30

Zoom Windpw

M
'.r—\
i
| \
Bile@008 00

Carmot open the shortour file :
o selected objects exist!!!

C:/Progran Files/MIDAS/Civil 800/user/shortcutkey. cud

Command Message £ Analysis Message K |
hode-1 ont (v [m (x| A b fende | 2|02 2 2

U.-95,0,0 G:-95,0,0

Fig. 11 Tower Bearing Generation
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Boundary Condition Input

Boundary conditions for the analytical model are as follows:
e Towerbase: Fixed condition (Dx, Dy, Dz, Rx, Ry, Rz)
o Pier base: Hinge condition (Dy, Dz, Rx, Rz)

Input boundary conditions for the tower and pier bases.

Auto Fitting

Boundary Tab > Supports
Select Window (Nodes: @ in Fig. 12 ; Node 22, 23)
Boundary Group Name > Default
Options>Add ; Support Type>D-ALL , R-ALL

SelectWindow (Nodes: @ in Fig. 12 ; Node 1, 21)
Boundary Group Name > Default
Options > Add ; Support Type> Dy, Dz, Rx, Rz

12-1 e Stayed Forward] - [Model Vien] 5 X
B rvep v _ 3 X

b |7 L OEE N AR A

< Default v

Options

©add O Replace Delete

Support Type (Local Direction)

Oeepsg

€5 R

®
[-]
o[l
®

K

4 Model View

[|Kl

Ll | |
ot [w [m ] & b fende | (2T 02l 2 5

Fig. 12 Specifying Fixed Boundary Conditions for Tower and Pier Bases
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Cable Initial Prestress Calculation

The initial cable prestress, which is balanced with dead loads, is introduced to improve section forces
in the main girders and towers, cable tensions and support reactions in the bridge. It requires many
iterative calculations to obtain initial cable prestress forces because a cable-stayed bridge is a highly
indeterminate structure. And there are no unique solutions for calculating cable prestresses directly.
Each designer may select different initial prestresses for an identical cable-stayed bridge.

The Unknown Load Factor function in MIDAS/Civil is based on an optimization technique, and it is
used to calculate optimum load factors that satisfy specific boundary conditions for a structure. It can
be used effectively for the calculation of initial cable prestresses.

The procedure of calculating initial prestresses for cable-stayed bridges by Unknown Load Factor is
outlined in Table 3.

Table 3. Flowchart for Cable Initial Prestress Calculation

Step 1 Cable-Stayed Bridge M odeling

-

Generate Load Conditions for Dead Loads for Main Girders and

Step 2 Unit Pretension Loads for Cables

-

Step 3 Input Dead Loads and Unit Loads

-

Step 4 Load Combinations for Dead Loads and Unit Loads

-

Calculate unknown load factors using the Unknown Load Factor

Step 5 function

-

Step 6 Review Analysis Results and Calculate Initial Prestresses
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@It may be more
convenient to use the
MCT Command Shell for
the input of loading
conditions.

Loading Condition Input

Input loading conditions for self-weight, superimposed dead load and unit loads for cables to calculate
initial prestresses for the dead load condition. The number of required unknown initial cable prestress
values will be set at 4, as the bridge is a symmetric cable-stayed bridge, which has 4 cables on each
side of each tower. Input loading conditions for each of the 4 cables.

Load Tab > Static Load Cases
Name (Self Weight); Type>Dead Load @
Description (Self Weight) J

Name (Additional Load); Type>Dead Load
Description (Additional Load)

Name (Tension 1); Type>User Defined Load

Description (Cable1l- UNIT PRETENSION) .

Name (Tension 4); Type>User Defined Load
Description (Cable4- UNIT PRETENSION)

Name (Jack Up); Type>User Defined Load
Description ()

Input the loading conditions repeatedly from Name (Tension 1) to Name (Tension 4).

M

Mame ' Self weight Add
Cage 8 All Load Case = [Modify
Type B Dead Load (D) | Delete
Description : Self eight
No Hame Type Description

» 1 Dead Load (D) Self Weight

2 | Additional L | Dead Load (D) Additional Load

3 | Tension 1 User Defined Load (USER) | Cable 1 - Unit Pretension

4| Tension 2 | User Defined Load (USER) | Cable 2 - Unit Pretension

5| Tension3  |User Defined Load (USER) | Cable 3 - Unit Pretension

G | Tension 4 User Defined Load (USER) | Cable 4 - Unit Pretension

7 | Jack Up User Defined Load (USER) | Support Movernent
*

Close

Fig. 18 Generation of Loading Conditions for Dead Loads and Unit Loads
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Loading Input

Input the self-weight, superimposed dead load for the main girders, unit loads for the cables and Jack
Up loads. After entering the self-weight, input the superimposed dead load that includes the effects of
barriers, parapets and pavement. Input unit pretension loads for the cable elements for which initial
cable prestresses will be calculated. First, input the self-weight.

Zoom Fit

Load Tab > Self Weight
Load Case Name>Self Weight
Load Group Name>Default
Self Weight Factor>Z (-1)

] - [Model View] - X
# Hep - -5 X

P

ettlement /Ete. m @ & Nodal Bocly Force | [ Element | 5 Pressure Loads =2 Iritial Forees *
emp.fPrestress (7) Construction Stage (7 Load Tables B | T ds (™ Nodal Masses T Line [ Hycrostatic Pressure | [ Assign Floor Loads ~
D MovingLoad (8 Heat of Hydation S e g o | 2l Speciied Displ. 1Y Loack toMasses | L Typical | & Assign Plane Loacs *
Load Type | Geste Load Cases | Structure Loads [ Masses | BeamLead | Pressure Load | Initial Forces/Ete. |
SRR ® PSS ® gl CEESCSIA I B IGEE[N N BE
Load H Base - H‘
=
Self Weight
Load Case Name "
Self Weight v
ot — : . a
Q
Self weight Factar o "
L G
8 B2 of
H 7| E4
E ™
it
2 4 8 J 2 3 o 11 12 14 5 16 17 13 19 il 21
X
6 g7 0
% [o =
4 ps
v [o @
z (1 53}
2 3 @
e A 1z oo
Self weight 0 0 -1 Defaut %
& =
< 2 <\\\ﬁ @
< > 4\ Model view, 3
Tree Manu

tort v |m |6 b nendw | (2] 2 2 2

Fig. 19 Entering Self-Weight
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Load superimposed dead loads for the main girders.

Input the superimposed dead load —3.0 tonf/m, which is due to barriers, pavement, etc by the Element
Beam Loads function.

Load Tab > Element
Select Window (Nodes : @ in Fig. 20 ; Node 22, 23)
Load Case Name>Additional Load; Options>Add
Load Type>Uniform Loads; Direction>Global Z
Projection>No
Value>Relative; x1 (0), x2 (1), W (-3)

Settlement/Etc, % ) Seff weight & Nodal Body F Srecsure Loads = Initial Forces ™
nstruction Stage () Load Tables (r Nodal Loads (™ Nodal Masses Jlugnzry [ Hydrostatic Pressure | [5] Assion Floar Loads ™
@movingLoad () Heat of Hydration Static Load USnaLoad |+ cpeciied Dipl. 1Y Loads to Masses | B Typicl | & assign Plane Loads ©
Load Type Create Load Cases. | Structure Loads / Masses | Beam Load | Prassure Load | Iitial Forces/Etc.
CEEITER®IE DS ® - T SIEESDNI I HOGEE NN CRE
— i o= - Ih
Element Beam Loads AT
= Enter superimposed dead load
dditional L = i i
—-3.0tonf/m onmaingirders
Load Group Name:
Default - Q
Options: @
© add Replace Delete 2
Load Type
Lrorm Losds A s o/a /o d a\Na N & @aa o aa Ja d a\=Na s <
- 3 83 /8 3\ 8 § 888 8 3 8 /8 3 a 3 o
T M}/ii\\}Ni }Mi/}l\il.\\l @
.
Nip X XTI Y Gy .
8 1, ¢ . :
]:4 =
= Seccccccccccccccdocccocccssccosccsssccssccsccssscosccsscoonecoscsssscossooed ]
@
Eccentricty (D |
Direction Global Z v @
Fogcion: O ves B 1o @
Value i\
© Relative Absolute. ® )
w1 [0 [ §
Y
A \C J_© ©
< > 4 3\ Model View, 4
Tree Menu

tonf v [m x| p nondw | (2 ] 20 2

Fig. 20 Entering Superimposed Dead Loads to Main Girders
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ADVANCED APPLICATIONS

Input a unit pretension load to each cable. For the case of a symmetric cable-stayed bridge, identical
cable initial prestresses will be introduced to each of the corresponding cables symmetrically to the
bridge center. As such, we will input identical loading conditions to the cable pairs that form the
symmetry.

Load Tab > Temp./ Prestress Option > Pretension Loads

View Tab > Select Section >%™¥ Select Intersect (Elements: @ in Fig. 21 ; Element: 33, 40)
Load Case Name>Tension 1; Load Group Name>Default
Options>Add; Pretension Load (1)

Load Case Name>Tension 4; Load Group Name>Default
Options>Add; Pretension Load (1)

-gX
-gX

& Help

ode/Element  Properties  Boundary Rl Al [ Pu De:

() Sekiic (©) settlementEtc, % g &‘c &c ¥ System Term. A r I% prestress Beam Loads
- A
J) Construction Stage (2 Load Tables & Mol Temp, &= = Pretension Loads
) Heat of Hidrat Static Load  Using Load | Element  Temp.  Beam Section Tendon Tendon  Tendor e = g
IR R Cases  Combinations | Temp. Gradent  Temp, Property  Profle  Prestress < Shendl YRR LOadcase
Load Type | Cste Load Cases. | Termperature Loads | Prestress Loads |
CEEITHE®IEHI RS ® ¥ CEES DN HeaEE AN RE
Load H‘ B i ‘!"
Pretensicn Losds v
Load Case Name |
s v] . [ S€ (@ Intersect Select Intersect
Load Group Name a
Default v @
Options o (O}
Badi © Repl Delet
eplace  Delte ar
Pretension Load - @
o af o
$
pply Cose ol
] [i] 1 3 9 01, 12 13 14 15
O
& 3 =
& g i
) i
Q z
4 Model View b
Tree Menu

wk (v [ o] &40 er| (2100 2

Fig. 21 Entering Unit Pretension Load to Cables
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Input the unit pretension loads for all the cables repeatedly from Tension 2 to Tension 4 according to

Table 4.

Table 4. Loading Conditions and Element Numbers

Load Case Element No. Load Case Element No.
Tension 1 33,40 Tension 3 35, 38
Tension 2 34, 39 Tension 4 36, 37

Check the unit pretension loads entered for the cables using Display.

b

¢ oynamic ~ &) view paint ~ B v IjEk p p | [1s ucsjacs 8 cloce = | = Tile Horizontally
= O zoom = (5] Nameet View 4w * =) ids - ENext | [0 Tie Verticaly
Recraw Initill Previous W - Hidden G - . | Active Inactive Al Inverse T B Cascack
Vigw  Vigw & - Adve | 5% JEES B
Dynarmic View | Render view | Select | Activities | Gridsfsnay Display... CHHE
CEEINRME®IFISS® X - A S Dl
Hi Base - IR
Analysis Contrl Data
T, Constuction Stage Analysis [ St
=B Stuchures "
- <
*, Modes: 36 W
-7 Elements: 40
= [x] Fropeis Node Element | Property | Boundary Misc
+ [5) Matrial 4 Load view Desian
w0 X Section: 4
= A Boundares Load Case
B A Suppots: 4 - R
- £ Point Sping Suppots 4 Case Selection l=
v ElastioLink : 6
54, StaieLosds Group Selection
-] Static Load Case 1 [Sef Weight [ Nodal Body Force =
* Static Load Case 2 [4dditional L [INodal Load
(5] Statc Load Case 3lackUp: § [Cspecied Displacemert
0[] Statc Load Case 4 Pretersion "
% 5] Statc Load Case 5 [Devic Craf
= Construction Stage : 15
[JFloor Load Mame:
[JFloor Load Area
[JPressure Load
[JPlane Load
[JPlane Load Name
[Nodal Temper ature: >
Display by Group x
Oisplay by Selection 2 Display by Member
Hidden Labels
Display Option Reset All
Tree Menu
oK Cancel Apply

w | o e fronde ] (2[R L 21 [ 2 =2

et 2|

Fig. 22 Unit Pretension Loads entered for Cables
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ADVANCED APPLICATIONS

@ Specified displacements
of supports are entered

for arbitrary loads.

20

Enter Jack Up loads to the piers at each side span by the Specified Displacements of Supports.

Jack Up load is as follows:
Vertical Displacement: 0.01 m

Load Tab > Specified Displacements of Supports @

Select Window (Nodes: @ inFig. 23 ; Node 1, 21)
Load Case Name>Jack Up ; Options>Add
Displacements>Dz ( 0.01) J

O seimic ©) settementfEte. % % SeffWeidht & NodalBody Force | 7! Blement 53 Pressure Loarks = Il Forces
() Temo.fPrestress (2) Construction Stage (2) Load Tabies Mine [ Hydrostabc Pressure | [ Assign Floor Loads =
@ Mmingload  (2) Heat of Hydkation B Tyticd & #ssin Plane Loads ~
Beam Load Pressure Load Tt Forcesfetr.
SEESPEIBIDICER NN GG
e Rk -1 kR
s
Load Case Mame:
Sef Wweight .4
‘Load Group Mame: B
Defauk - 7
e &
@A ORelce 0 Debis <2
Displacements {Local Drection) / \ Y -
/
Dz s / \, / e
/ ' N, yd s
e D / / b yd -
= : / N, /
H < ' ceeod \ *
- . i / RN rd
¥ . s . B
wy B H . g
Seeeoes Seeeee =
o n @
oy o 8
i @ o o 5]
Rx [rad] 5
Ry [radl A
Rz [rad] IE
Lorly Cose. 2
e
& >\ Model View/ 5
Tree Menu

ot [x ] [p] A b [rende | TR L 2

Fig. 23 Entering Jack Up Loads

Perform Structural Analysis

Perform static analysis for self-weight, superimposed dead loads, unit pretension loads for the cables
and Jack Up loads.

Analysis/ Eﬁl Perform Analysis J
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Final Stage Analysis Results Review

Load Combination Generation

Create load combinations using the 4 loading conditions for cable unit pretension loading, self-

weights, superimposed dead loads and Jack Up loads.

Results Tab / Load Combination
Load Combination List>Name>LCB 1
Active>Active ; Type>Add
LoadCase>Self Weight (ST); Factor (1.0)
LoadCase>Additional Load (ST); Factor (1.0)
LoadCase>Tension 1(ST); Factor (1.0)
LoadCase>Tension 2(ST); Factor (1.0)
LoadCase>Tension 3(ST); Factor (1.0)
LoadCase>Tension 4(ST); Factor (1.0)
LoadCase > Jack Up (ST) ; Factor (1.0)

General Steel Design | Concreke Design | SRC Design
Laad Combination List Load Cases and Factors

No Name | Active Type Description LoadCase Factor
» 1 Activ | Add » 1.0000
2|LCB2  |Activ | Add Additional 1.0000
* | [ Tension 1( 1.0000
Tension 2( 1.0000
Tension 3( 1.0000
Tension 4( 1.0000
Jack Up(s 1.0000
*

£ k3

Copy Import,., Auko Generation.. Spread Shest Farm Copy inko Steel Design
File Mame: CiiUsers\vidishDesktop|10, Cable Stayed Forward|10 Browse Make Load Combination Sheet Close

Fig. 24 Creating Load Combinations

21
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Unknown Load Factors Calculation

Calculate unknown load factors tha satisfy the boundary conditions by the Unknown Load Factor
function for LCB1, which was generated through load combination. The constraints are specified to
limit the horizontal deflection (Dx) of the tower and the bending moment (My) of the girders.

Specify the load condition, constraints and method of forming the object function in Unknown Load
Factor. First, we define the cable unit loading conditions as unknown loads.

Results Tab /Cable Control / Unknown Load Factor
Unknown Load Factor Group>m|

Item Name (Unknown); Load Comb>LCB 1

Object function type>Square; Sign of unknowns>Both

LCase >Tension 1 (on)
LCase > Tension 2 (on)
LCase > Tension 3 (on)
LCase > Tension 4 (on)

& Unknown Load Factor Detail.

Them Name: < Unknawn

Constraints

Load Comb :

<LCBI

e
Object Function type WiMNode 34
’V" Linear ® Square  © Max Abs

v

@ow;

Add

lete

Table

Sign of unknowns
’V 0 Negativ{ ® Both \fusitwe
N —

Unknown

LCase

Factor

Weighted Factor

T

Self Weight

1.000

1
2
3
4
5
3

Additional Loz

d Factor Group

Add Mew

Modify

Delete

Cancel

Simultaneous Equations Methad

Select All Unselect All

Get Unknown Load Factors

Cancel
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Fig. 25 Unknown Load Factor Detail Dialog Box
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@ In this tutorial, we will
apply  constraints  to
restrict the horizontal
displacement of the
tower and the bending
moment of the main
girders. Since the
analytical  model is
sy mmetric, we will apply
the constraints to only
half of the tower and the
main girders.

Specify the constraining conditions, which restrict the horizontal displacement (Dx) of the tower and
the bending moment (My) of the main girders by the Constraints function.

Constraints > Add
Constraint Name (Node 34)
Constraint Type> Displacement
Node ID (34) ©
Component > Dx
Equality/Inequality Condition > Equality ;
Value (0) d

Constraints > Add
Constraint Name (Element 5)
Constraint Type>Beam Force
Element ID (5) @
Point > I-end
Component > My
Equality/Inequality Condition > Equality ;
Value ( -300) d

Constraints > Add
Constraint Name (Element 6)
Constraint Type>Beam Force
Element ID (6) @
Point > J-end
Component > My
Equality/Inequality Condition > Equality ;
Value (-200) 4

Constraints > Add
Constraint Name (Element 8)
Constraint Type > Beam Force
Element ID (8) @
Point > J-end
Component > My
Equality/Inequality Condition > Equality ;
Value (-400) J

23



ADVANCED APPLICATIONS

& Unknown Load Factor Detail

Ttern Namme: ’W‘ Constraints
i [WElement 5
@ The constraints for Load Comb n Element &

calculating Unknown Object Function type
Load Factors can be ’7 Linear @ Square 7 Max Abs

% Unknown Load Factor Constraint

Delete
easily entered by S
’V 7 Megative ® Both  © Postive VLD
MCT command Shell.
Unknown LCase Factor i Factor
1 [ Self Weight 1.000 onent
z Adcltional Load 1.000
El i ® DX Dy “pz
4
5 R RY T RZ
S
Simultaneous Equations Method
Select &l | Unsslect &l Get Unknown Load Factors oK Cancel r~EqualityInequality Condition
@ Equality @ Value 0
' Inequality ' Other Mode 1}
114 Cancel

Fig. 26 Constraint Dialog Box

@ The explanations for the VW& now check the constraints used to calculate the cable initial prestress and unknown load factors in
calculation of unknown Unknown Load Factor Result.
load factors can be found
in “Solution for Unknown
Loads using Optimization
Techniques” in Analysis Unknown Load Factor Group>
for Civil Structures.

Get Unknown Load Factors | |

Fig. 27 shows the analysis results for unknown load factors calculated by Unknown Load Factor.

Unknown Load Factors

(Cabile Initial Prestress)
5 Additional
I teight . Tensian 1 | Jensiondd. A} Te05i0R & o JTGHKLIR ofe o o

Load o

Factar 1.000 1.000 E 333808 254,370 182011 340835 1.000 E
.

Caonstraint Elements | Element 6 EEIememE Node 34 .
.

Value 300000 | -200.000 [ 2b0D0AT S SHGOhY T et cesssseseed

Upper Bound

Lower Bound

@ Result 7 Influence Matrix < IMake Load Combination x Generate Excel File > oK

Fig. 27 Analysis Results for Unknown Load Factors
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We now check to see if the calculation results satisfy the constraints by auto-generating a new loading
combination using the unknown load factors by the Make Load Combination (D in Fig. 27). The

Unknown Load Factors can also be generated by clicking on Generate Excel File (@ in Fig. 27).

% Make Load Combination

Mame B | LcBz| |

Descripkion @ | |

0K Cancel

Fig. 28 Auto-generation of LCB2 Using Unknown Load Factors

Results Tab / Load Combinatio

From Tension 1 (ST) to Tension 4 (ST), all the load factors obtained from the analytical results as
shown in Fig. 27 are automatically entered.

% Load Combinations:

General Stes| Design |Concrete Design |SRC Design |
- Load Cambination List Load Cases and Factars
No Name | Active Type Description LoadCase Factor
1fLCB1 Activ | Add » 1.0000
» 2| LcB2 x| Add Adiitional 1.0000
* Tension 1( 333.8078
Tension 2( 254.3697
Tension 3( 193.0110
Tension 4( 340.8348
Jack Up(S 1.0000
d
< m |
Copy Import,.. ko Generation,.. Spread Sheet Form Copy inka x)
File Mame: | CilllssrsividishiDesktop|10, Cable Stayed Forwarditn| | Browse Make Load Combination Sheet Close

Fig. 29 New Load Combination Auto-generated by Unknown Load Factors
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Deformed Shape Review

We now confirm deflections at the final stage to which cable initial prestresses, self-weights,
superimposed dead loads and Jack Up loads are applied.

Results Tab / Deformations / [l Deformed Shape

Load Cases/Combinations>CB:LCB 2

Components>DXYZ

Typeof Display>Values (on); Legend (on)

Values o > Value Output Details

Decimal Points> (4) ; MinMax Only (on) ; Min & Max (on) J

- @
@ If the default Deformation Deform _|> Deformation Scale Factor (0.5) &
Scale Factor is too large, EZOom Window

we can adjust the factor.

-5X
B oo - - X

MIDAS/Civil

_POST-PROCESSOR

DEFORIED SHAPE
RESULTANT

Load CasesfCombinations X-DIR= -1.336E-003
B LB =)l WoDE= 21
step D v-pIR=  0.000E+000 |
WopE- 1 &
2-01R- -1.2278-002 | L
WoDE= 11
Components com. = 1.zz7-00z [
oY oz WoDE- 11 &
oRY ovz orz SCALE FACTOR- %

o Doz 3.871E+002
Type of Display
Undeformed a
Dvaues ) Dllegend [ a
Animate ... Mirrored ...
cB: LCB2
[ @

nm ;22
Apply. Close UNIT: =
vt wy/zorzoie | g
Bla| VIE-DIRECTION
© N
2: 0.000
QN
4 Model view 3

w %A b rend ] (2] [ 0 FSJ1

+|In

Fig. 30 Check Deformed Shape

26



FINAL AND FORWARD STAGE ANALY SIS FOR CABLE-STAYED BRIDGES

Forward Construction Stage Analysis

When a cable stayed bridge is designed, the structural configuration, cable sections and tension forces
are generally calculated from the overall analysis of the completed state.

Apart from the analysis for the completed state, construction stage analysis is also required for design
of the cable stayed bridge. Depending on the temporary support method, the structural system of a
cable stayed bridge changes drastically during construction. The structural system may become
unsafe and/or unstable during the construction compared to the completed state. This necessitates a
construction stage analysis, and the analysis based on the construction sequence is referred to as
Forward Analysis. Stresses, deflection, sequence, constructability, etc. can be checked through
Forward Analysis. One of the difficulties associated with forward stage analysis is to find tension
forces at construction stages. With the facility of the lack of fit force functionality, additional
pretension loads, which are introduced during the installation of cables, are calculated, and member
forces are preloaded at Key Segment such that member forces at key segment closure are the same as
those at the completed state. Using these pretension and member forces, forward stage analyses are
performed.

To perform a construction stage analysis, construction stages should be defined to consider the effects
of the activation and deactivation of main girders, cables, cable anchorage, boundary conditions, loads,
etc. Each stage must be defined to represent a meaningful structural system, which changes during
construction.

ERECTION CALCCATION | STRUCTURAL
STAGE OPERATION sTee eran
. :b )

. 6-7
s
n-5 é - 6
=T
% ~
n-4 = ] < | S
z 4-5
& R @
o 2 3 | A
w g =
n-3 |& ™~ ) s 4 ] 4
la £
w
; ® & S
o . =
n-2 |3 = -— = - & 3
b =] 2-3
b
. Ya
net ~ % 4 2
-
f— ~ Ir - — j
n — '
. FINAL SYSTEM
L D T, 2 To ™ i

Fig. 31Construction Sequence and Analysis Sequence for a Cable Stayed Bridge
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28

(1) Calculating Lack of Fit Force - Truss

First, displacements at each end of cables are calculated at a stage immediately before the cables
are installed. Using the displacements at each cable end, the program calculates the additional
cable pretension (AT), the difference between the cable length (L) at the completed state and the
cable length (L") during the construction. This additional cable pretension (AT) is added to the
initial Pretension (T) determined from the initial configuration analysis; that is, it is entered as
Pretension during the construction to perform forward analysis.

(ub = uj - ui)

"l

(vb =vj - vi)

L
i

o

L'- L=AL = VbCosf + UbSind

aT=EAAL
L
T,=T, + AT

Fig. 32 Calculating Lack of Fit Force of Truss
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(2) Calculating Lack of Fit Force — Beam

At the time of key segment closure for a 3-span continuous cable stayed bridge, cantilevers of the
center span are deflected. If the key segment is closed in this state, no member force takes place at
the key segment (only member forces due to self-weight take place) and there is discontinuity
between the cantilevers and the key segment. To connect the key segment to each cantilever
member continuously, Lack-of-Fit Force function calculates specified displacements required at
each end of the key segment and converts the specified displacements into member forces to apply
these forces to the key segment.

Key Segment

Reference Level

Key Segment
© ©

Reference Level

Fig. 33 Calculating Lack of Fit Force of Beam
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Construction Stage Category

In this tutorial, 13 construction stages are generated to simulate the changes of loading and boundary

conditions.

Forward analysis is performed using Cable Pretension obtained from the initial equilibrium state
analysis. Lack-of-Fit Force function is applied to cables, key segment in the center span and side span
girders activated at Stage 2. We apply Lack-of-Fit Force function to a side span girder erection stage
where girders are connected to the supports and accordingly structural system changes, not to mention
the key segment closure in the center span.

The construction stages applied in this tutorial are outlined in Table 5.

Table 5 Construction Stage Category

Stage Content Remark
Stage 1 Installtowers,end _supports in the side spans, temporary bents,and
temporary connection between tower-girder
Stage 2 Install side spans (Elements1to 5 & 16t020) Lack-of-Fit Force
Stage 3 Apply Derrick Cranel load
Stage 4 Remove temporary bents and generate cables (Element 34, 39) Lack-of-Fit Force
Stage 5 Generate main girders (Element 6,7, 14, 15)
Stage 6 Generate cables (Element 35, 38) Lack-of-Fit Force
Stage 7 Remove Derrick Cranelloadandapply Derrick Crane2 load
Stage 7-1 Generate cables (Element 33, 40) Lack-of-Fit Force
Stage 8 Generate main girders (Element 8,9, 12, 13)
Stage 9 Generate cables (Element 36, 37) Lack-of-Fit Force
Stage 10 Remove Derrick Crane2load and apply Derrick Crane3 load
Stage 11 Remove Derrick Crane3 load
Stage 11-1 Generate KEY SEG (Element 10, 11) Lack-of-Fit Force
Stage 12 IReplace the connection between tower-girder and apply Jack Up Rigid link>
oad Elastic link
Stage 13 Apply additional dead loads (Final Stage)
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Forward Construction Stage Analysis
Forward analysis reflects thereal construction sequence.

In this tutorial, we will examine the structural behavior of the analytical model and the changes of
cable tensions, displacements and moments.

The analytical sequence of forward construction stage analysis is as shownin Fig. 34.

|| Eile Edht View Model Load Analysic Resubs Desian Made Query Tools Mindow Help

3 Mo e o0 Mo /e
O -]
DA j .
>/>>

For Help, press F1 [ Mode-1 015,00 G5 0.0 [tont =1[m =] A plfron~] [T L =/ 7 =

Fig. 34 Analysis Sequence by Forward Construction Stage Analysis
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We will generate a construction stage analytical model using the model used in the final stage analysis
by saving the file under a different name.

> Save As (Cable Stayed Forward Construction)

The following steps are carried out to generate the construction stage analysis model:

1. Saweaforward stage analytical model
Change thetruss element used in the final stage analysis to cable element.
Define load cases for forward analysis.

2. Define Construction Stage names
Define each construction stage and the name.

3. Define Structural Group
Define the elements by group, which are added/deleted in each stage and to which Lack-of-
Fit Force is applied.

4. Define Boundary Group
Define the boundary conditions by group, which are added/deleted in each stage.

5. Define Load Group
Define the loading conditions by group, which are added/deleted in each stage.

6. Define Construction Stages
Define the elements, boundary conditions and loadings pertaining to each stage.
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Save a Forward Stage Analytical Model

In order to create the construction stage analysis model from the final stage model, delete the load
combinations LCB 1 & 2 and unit pretension loading conditions, Tension 1 to Tension 4. To input
Pretension Loads calculated by forward stage analysis, define a new loading case for Cable
Pretension.

Results Tab > Load Combination
Load Combination List>Name>LCB 1, LCB 2 _Delete
Load Tab > Static Load Cases
Name (Tension 1) ~Name (Tension 4) _Delete
Name (Pretension); Type> User Defined Load
Description (Pretension from Forward Analysis) J

Name Add

Case f All Load Case A Modify
Type ¢ | Lser Defined Load (LISER) v Delete
Description | Pretension From Forward Analysis

No Name Type Description

1] Self Weight | Dead Load (D) Self Weight

2| Additional L | Dead Load (D) Additional Load

3| Jack Up User Defined Load (USER) | Support Mavement

4 User Defined Load (USER) | Pretension From Forward Analysi

Close:

Fig. 35 Entering Initial Prestress Loading Condition
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In construction stage analysis for cable-stayed bridges, geometrical nonlinear analysis for cable
element should be performed. To consider the sag effect of cable element in cable-stayed bridges, the
truss elements used in the final stage analysis should be transformed to cable elements. In a cable-
stayed bridge, an equivalent truss element is used for the cable element. This element considers the
stiffness due to tensioning.

Node/ Element Tab > £}, Change Elements Parameters
‘¥ Select identity - Elements
Select Type>Element Type
Nodes (off) ; Elements (on)
(Truss) >Add J
Parameter Type> Element Type (on)
Mode> From> Truss (on) ; To >Tension only/Hook/Cable(on)
Cable (on) 4

-2 X
—8X

£ Hep

Bl&

Change Element Perameters v>. m
Modstumber ¢ (% |
Elenvent Nurber: | 41 Inverse | | Prev 2
@
Parameter Type .
" 3itodd Q
Weterisl D
Section ID Select Type ¢
T Element Type vk Q
4
s Dekte g
q o gementie PLANE STRESS %
PLATE Replace
ent Locd PLANE STRATN
Align Element Local [ARISYMFETRIC V| ntersect O
= [} Mukige =
o @
From: | Truss v =
B
To + | Tension only/HookiCable ¥ | B
Tuss O Hook @ Cable &
L ¥| 0 m A
G
Apphy Chose
4\ Model View,

ot [ x| fnonde ] (2I[]  2 2

Hode-2

Fi

g. 36 Change of Truss Element to Cable Element
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Define Construction Stage

We now define each construction stage to perform forward construction stage analysis. First, we
assign each construction stage name in the Construction Stage dialog box. In this tutorial, we will
define total 13 construction stages including the final stage.

Load Tab > Construction Stage Option > [ Define Construction Stage

Generate
@ Define  multiple  construction @
stages  simultaneously by Stage>Name (Stage); Suffix (1to7)
assi.gning numbers to a Save Result>Stage (on) 4] 0K l J
particular name. BemsEE
) ) Stage>Name (Stage7-1)
@ For generating analy sis

results, the analysis results in

Save Result>Stage (on) 2K |

each construction stage are Generate
saved and  subsequently . .
generated. Stage>Name (Stage); Suffix (8t011)

Save Result>Stage (on) 2K |
Generate

Stage>Name (Stagell-1)

Save Result>Stage (on) —IOK .J
Generate

Stage>Name (Stage); Suffix (12to13)

Save Result>Stage (on) 2K |

= Construction Stage

Fig. 38 Construction Stage Dialog Box

MHame Curation  Date Step Result |~ Add
Stage
Stagel a a 1] Stage
Stagez 0 a 0 Stage Insert ey
Stages 0 i 0 Stage Name
Staged a a o Stage | = Inseriliext —
Stages a o o Stage Generate
Staget a o o Stage - Durat,
Stage? a a 0 Stage ModifyShaw
i Delete —Additional Steps
Add Delete
<] ] E] Clase: { Example: 1, 3, 7, 14 3 Modify Clear
Step Day
Auto Generation
Step Number o
. . . Generate Steps
Fig. 37 Construction Stage Dialog Box
Save Resul:
< + Stage > additional Steps
(o4 Cancel Apply

[ Stage
Marme
MNarne Duration  Date Step Result |4 Add Suffix
Stagel o] a 1] Stage I -
Stagez [1} 1] 1} Stage nzert Frey tion ) day(s)
Staged o o o Stage
Staged 0 0 i Stage |= Insert Next ~ eps
StageS 0 a 0 Stage add Delete
Staged o] a 1] Stage Day :
Stage? a a a Stage Modify/Show ¢ Example: 1,3, 7, 14 1 Modify Clear
Delsts ) Step Day
Auta Generation
. Step Mumber @ |0
< i ] Close P L=
Generate Steps
Save Result
& +| Stage > Additional Steps
oK Cancel Apply
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= Construction 5ta

Mame Duration  Date Step Result |#
Stagel 1] a a Stage
Stage2 1] a a Stage
Stage3 o a a Stage
Staged o a o Stage | =
Stages 0 a a Stage
Staged 1] a a Stage
Stage? 1] a a Stage
Stage 7-1 0 a a Stage

Stage

Stage
‘( I 1l

Add

Insert Prev

Insert Mext

ModifyfShow

Delete

Close

Construction 5t

Fig.

Marne Duration  Date Step Resule |
Stagel a o a Stage
Stagez o i} o Stage
Staged a a a Stage
Staged a a a Stage =
Stages a a a Stage
Staged a a a Stage
Stage? a o a Stage
Stage7-1 0 a a Skage
Staged a a a Stage
Staged a a a Stage
Stagell a a a Stage
tanell 0 il n Fa

<| I

Insert Mext
enerate y
Iadify i Show

Delete

Close

Suffi
Duration day(s)
r Additional Steps
Add Delete
{ Example: 1, 3, 7, 14 } Dodify Clear
Step Day
Auto Generation
Step Mumber o =
Generate Steps
Save Result
é + Stage > Additional Steps
OF, Cancel Apply

39 Construction Stage Dialog Box

i3
Duration day(s)
—Additional Steps
TN I =
Ay
{ Example: 1,3, 7, 14 ) Madify Clear
Step Day
Auto Generation
Step Mumber @ 1]
aenerate Steps
Save Result
WV Stagt3> Additional Steps
[e].4 Cancel Apply

Fig. 40 Construction Stage Dialog Box

MNarne Duration  Date Step Result |+
Stagel o a o Stage
Stage? o o o Stage
Staged 1] a 1] Stage
Staged 1] a 1] Stage |=
StageS 1] a 1] Stage
Staged 1] a 1] Stage
Stage? o o o Stage
Stage 7-1 0 o o Stage
Staged 1] a 1] Stage
Staged 1] a 1] Stage
Stagel0 1] a 1] Stage
taneil 0 n n o

| I

add
> d

Insert Mext

MadifyShaw

Delete

Close

Duration
—Additional Steps
Add Delete
{ Example: 1, 3, 7, 14 ) Modify Clear
Step Day
Auto Generation
Step Mumber 1} =
Generate Steps
Save Result
é " Stage > Additional Steps
K Cancel Apply

Fig. 41 Construction Stage Dialog Box
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Assign Structure Group

Assign the elements, which are added/deleted in each construction stage by Structure Group. After

defining the name of each Structure Group, wethen assign relevant elements to the Structure Group.

Group tab
Group>Structure Group>New....
Name (Stage); Suffix (1t013) &l
Name (Lack of Ft Force) id

n] - [Model View]

-5 X
% Hep v - T X

Boundary ¢ _Ha
# 3. Load Groul
2¢ Tendon Grolw

Name ﬂ Wame Lack of Fit Foree &
Suffix Suffic 1tol3 @
“ a
xample 1356 7to 20by 2) (Example 13567 to 20by 2)
1238 [+ [+ 1 R 1+ C= : &
Stage! Modiy Stage1 = o
Stage2 Stage2 %
Stage3d Delete Stagea Delete A4
Staget Staged =
StageS Delete I Stages Delste [nv
Stages Stages g
Stage? Stage?
Stages Stages @
Stage? Staged B
Stageld Stageld =
Stagell Stagell
Stagelz Stagelz @
Stagel3 Stagel3 &
Lackof Fit Force =
3
r:]

Tree Menu [RECHGER]

For Help, press FL

Close Close

Fig. 42 Defining Structure Group

Assign the elements, which become added/deleted in each construction stage, to each corresponding
Structure Group. The tower erection stage is defined as the Stage 1 Structure Group. We skip Stage 3

and Stage 10 because they are construction stages, in which Derrick Crane load at the center span
applied, and as such there are no added/deleted elements involved.

is
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Group > Structure Group
Select Window (@ in Fig, 43)
Stage 1 (Drag & Drop)
Select Window (® in Fig. 43)
Stage 2 (Drag & Drop)

L L3 ]
S wock(Element  Propert

&

- LW [ [ B 1 [9] 5015 B 1 = CEIZ ODIOEE NN GEA

escscse

715

Y]

& Stagel) [Noded
=% Stage12  Node=0
Stage13 [ Node=D0 - Ele
£ Lack of FitForce [ Neds:
curary G 5

Drag & Drop -/ ‘
T ) T ST - - |V I S T T

. B . .
Secesecesscscscscccccsnne Sececeteesecscccscccscsnne

W= 008I00: €94

e o) (2 0] 2

Fig. 43 Defining Structure Group Stage 1 ~ Stage 2
Group > Structure Group
24 Select Intersect (@ in Fig. 44)
Stage 4 (Drag & Drop)
Select Window (® in Fig, 44 )
Stage 5 (Drag & Drop)

o

a

{

Q

Staged [ Nodz=0; Element=2] 3 =

Stage1d [ Node=0 - Ekment=] o o

Stagel [ Node=3  Elemert=2 " w

Stage12 [ Node=0 : Element=0) o4

Stage13 [Node=0 - Elemeni=] D & D %
Lack.of it Farce [ Hode=15: Ele rag rop

B

y 8

Drag & Drop @

=

=)

=

2

>l < ' Model view,

oot (wm v |4 b [onar | T [0S 2

Fig. 44 Defining Structure Group Stage 4~ Stage 5
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Group > Structure Group
2N Select Intersect (@ in Fig. 45)
Stage 6 (Drag & Drop)
Select Intersect (@ in Fig. 45)
Stage 7 (Drag & Drop)

BrROD

Stage13[ Hode=0 : Elemeni=0l |
Lack of Fit Foroe | Hode=15 ; Elen)

% & Bowday Group: 5
& 3. Losd Gioup- 10
42 Tendan Giowp - 0

Bll>@008 00 %R

Fig. 45 Defining Structure Group Stage 6~ Stage 7
Group > Structure Group
Select Window (@ in Fig. 46)
Stage 8 (Drag & Drop)
#4 Select Intersect (® in Fig. 46)
Stage 9 (Drag & Drop)

|5 5 (8| " swi012to14 - °F 891213

Hi e ki

Drag & Drdp

isyoycye]s]

Stage12 [ Node=D : Elemeri=0 |
Stage] [ Node=0  Element=0 |
Lack of 7 Forcs [ Nodse=15 ; Ele
oy Gooups 5

B >E80060I00: €28

Fer Help, press F1

Fig. 46 Defining Structure Group Stage 8~ Stage 9
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ADVANCED APPLICATIONS

Assign the Structure Group, which is required to define the stage (Stage 11) to which key segment is
added in forward construction stage analysis.

Stage 11 is thestage in which key segment is installed and at the same time the center spanis closed.

SelectWindow (® in Fig. 45)
Stage 11 (Drag & Drop)

FEYYT=

3 Node=0 - El

e N Stage 11

Stage12| Mode: o » by + - &

P08 08: €24

e

fl G115

>l 47, Model View/

3
a5k Parey Message Window ax

B GO EE S

i (mln

Fig. 47 Defining Structure Group Stage 11
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FINAL AND FORWARD STAGE ANALY SIS FOR CABLE-STAYED BRIDGES

Group > Structure Group
Select Node : 1to6 10to12 16to21 (@ in Fig. 48)
Select Element : 1to5 10 11 16t020 33t036 37t040 ((® in Fig. 48)
Lack of Fit Force (Drag & Drop)

K 1to5 10 11 16t

S DA A0 EE MaiRE S

X)| “w 1to6 10tol12 16t

K Ess‘glllIlIlllI.lrF;:;Illlllllllllllll@l.

Oeesg

Stage10 Nodk

Lack of Fit Force

|G R

Stage13 [ Nade=0 ;Ele;
g Lack of Fit Farce [ Nodz=15 ; Elem
Bounday Group: 5
Load Group : 10
Tendon Group: 0

1

Drag & Drop

4
B >E088 00

5l <\ Model View,

Tree Menu RS

Select by Fo Frame-21 worf v [ v [#045 p [noner | 2 ] 1 21 ] 2

U; 55, 0, -15

Fig. 48 Defining Structure Group Lack of Fit Force
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Assignh Boundary Group

Assign the boundary conditions, which become added/deleted in each construction stage, to each
corresponding Boundary Group. After defining the name of each Boundary Group, we then assign
relevant boundary conditions to each Boundary Group.

12 Active All

Group tab
Group>Boundary Group>New ...
Name (Fixed Support (Tower)) J
Name (Hinge Support (Pier)) J
Name (Elastic Link (Tower)) J
Name (Temporary Support (Tower))
Name (Temporary Bent) J

I
]
1=
7]
|

Hi e bl Name ¢ Temporary Suppart (Tower)
Suffi :
(Example 1 356 Tt 20by 2)

RN 2 =
Fized Support (Tower) odey 2
tinge Support (Per) g
Elasti: ok Tower) Delete &
Temporary Support (Tower) =
Temperary Bant ek é
B3
&
%

& Fied Suroet Tows:)
& Kinge Support [Pe]
& Elastic Link [Tower]
% Temporary Support (Tower]
% Temporap Bert
&+, Load Giowp- 1
42 Tendon Gioup: 0

@l 6 @0 00

4 Motel view /

Fig. 49 Defining Boundary Group
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Reassign the Fixed Support (Tower) and Hinge Support (Pier) conditions, which were already defined
for the final stage analysis, to Boundary Group for the construction stage analysis.

Group>Boundary Group
SelectWindow (@ in Fig. 50)
Fixed Support (Tower) (Drag & Drop)
Select Boundary Type>Support (on)

Select Window (® in Fig. 50)
Hinge Support (Pier) (Drag & Drop)
Select Boundary Type>Support (on)

Forward Construction-new ] - [Model Vien]
=

CBEE DA G EE N B

[5upport
[ Paint Spring Suppert
(CGenerd Spring Support
[Celaste Lnk
(GeneralLink
(Cesm End Release
[CBeam End Offct

[CJPlate End Release
[CIRigid Link
L

geesd

|5 R

oK Cancel

5 6 7 ] 5011, 12

I8 08

%

4\, Model View,

Tree Meru [RESEEEYS

Fig. 50 Generating Fixed Support (Tower) and Hinge Support (Pier) Conditions
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We also reassign the boundary condition for the Elastic Link (Tower) to a Boundary Group. We
will input the boundary condition as Elastic Link-General Type between the tower and the girder.
The stiffness is as follows:

SDx : 500,000 tonf/m, SDy : 10,000,000 tonf/m, SDz : 10,000,000 tonf/m

SRx : 0tonf/m, SRy : 0tonf/m, SRz :O0 tonf/m

Boundary Tab > Elastic Link
Boundary Group Name > Elastic Link (Tower)
Options>Add ; Link Type> General Type
SDx (tonf/m) (500000) ; SDy(tonf/m) (10000000) ; SDz(tonf/m) (10000000)
SRx (tonf/m) (0) ; SRy (tonf/m) (0) ; SRz(tonf/m) (0)
2 Nodes (26, 5)
2 Nodes (27,17)d

%

Boundary Group Name:
Elastic Link (Tower)

‘_
7
]

BEI>@000 108 2L 050

Fig. 51 Generating Boundary Condition for Elastic Link (Tower)
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We also reassign the boundary condition for the Temporary Support (Tower) to a Boundary Group.

We will input the boundary condition as Elastic Link- Rigid Type between the tower and the
girder.

Boundary Tab > Elastic Link
Boundary Group Name > Temporary Support (Tower)
Options>Add ; Link Type> Rigid Type
2 Nodes (26, 5)
2 Nodes (27,17) d

Toundary GrouPNgme
[ (= (1o, -

Options

Forward Construction ] - [Model View]

| ACEE| NN

© Add Delete a
& Q
{ G -
z Ref. C{‘
b :
y\Muz S

M

500000

10000000

10000000

B >E@E060 00

i

4\ Model View,

U; 55, 0, 40 G; 55, 0, 40

tort |w [m v [ 42 b Jend 2 [0 (201 2 (5

Fig. 52 Generating Boundary Condition for Temporary Support (Tower)
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We also assign the boundary condition for the temporary bents to a Boundary Group. We will input
the boundary condition as Point Spring Support. The stiffness is as follows:

SDx : 0 tonf/m, SDy : 10,000,000 tonf/m, SDz : 10,000,000 tonf/m
SRx :10,000,000 tonf/m, SRy :0tonf/m, SRz : 10,000,000 tonf/m

Boundary Tab > PointSpring
Select Window (@ in Fig. 53; Node 2, 4, 18, 20)
Boundary Group Name>Temporary Bent
Options>Add
SDx (tonf/m) (0) ; SDy (tonf/m) (10000000) ; SDz(tonf/m) (10000000)
SRx (tonf/m) (10000000) ; SRy (tonf/m) (0) ; SRz(tonf/m) (10000000)

gepesg

\\\\\

SGA

50x torfjm
spy | 10000000 | tonfjm

S0z | 10000000 | torfm
Srx | 10000000 | torfmfrad]
sy [0 torf mirad]
SRz | 10000000 | torfmyfrad]

@ @

Select temporary bent Select temporary bent
nodes 2 and 4. nodes 18 and 20.

Gl 6 >E@E06 0

Tree Mery JRETEE]

For Help, press F1

Fig. 53 Generating Boundary Condition for Temporary Bents
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Assign Load Group

Assign the loading conditions, which become added / deleted in each construction stage, to each
corresponding Load Group. The loads considered in this forward construction stage analysis are self-
weight, superimposed dead load, cable pretension 1, 2, 3, 4, Jack Up load and Derrick Crane load 1, 2,
3. First, we generate the name of each Load Group and then assign corresponding loading conditions
toeach Load Group.

Group tab
Group>Load Group> New ...
Name (Self Weight) 4
Name (Additional Load) J
Name (Pretension Load 1)
Name (Pretension Load 2)
Name (Pretension Load 3)
Name (Pretension Load 4)
Name (Jackup Load)
Name (Derrick Crane 1) J
Name (Derrick Crane 2) J
Name (Derrick Crane 3)

R TRE®E DS ® %

-1

SRS NF HIGEE SN

| Base -k

eeeeeeee

K3l

Name ¢

Suffix

12|12

Self Weight:
acki d

i

x

(Example 13567 to20 by 2)

‘

At
Modfy
pelete

Delete Inv

Fig. 54 Defining Load Group

U: 55, 0, 40

DepsD

|G L

B H>E668 00
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Modify the Load Group “Default”, which was defined for self-weight in the final stage analysis, to
“Self Weight”.

Load Tab > Self Weight
Load Case Name>Self Weight
Load Group Name>Self Weight

Operation>w

-2 X
B reb - -5 X

S DEe 0 EE NN B

Sl weight >

Load Case Name

q

Sef Weight

Sef weight Factor

Beeso

€3 A

80100

&l B 15 @

Operation

< add )amry Delts

K

4\ Model View, b

Close.

U; 55, 0, 40

Fig. 55 Modifying Load Group for Self-Weight
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Reassign the superimposed dead load and Jack Up load, which were defined for the final stage
analysis, to Load Group.

Group > Load Group
(B setect All
Additional Load (Drag & Drop)
Select Load Type>Beam Loads (on) J
@ Select All
Jack Up Load (Drag & Drop)
Select Load Type>Specified Displacements of Supports (on) J

Model View] -5 X

DACEE| » 2GS

ER==Y
vE [ |Beam Loads
-+ [ Floor Loads — [Flaor Loads

Drag & Dyop

[Pressure Loads
[ INodal Temperature

[ IPressure Loads
[ IModal Temperatare

[ [Element Temperature:

[ Element Temperature

BOO8I0B: 2 R 0P F

[ [Temperature Gradient [ JTemperature Gradient

[ |Beam Section Temperature [JBe=am Section Temperature n
[ |Prestress Beam Loads [ Prestress Beam Loads =
[ Pretension Loads [ JPretension Loads g

[ITime Load For Construction Stage

[ |Time Load For Construction Stage
[ JCreep Coefficient: for Constructior

[ ICreep Coefficient For Constructior

Fig. 56 Defining Load Group for Superimposed Dead Load and Jack Up Load
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ADVANCED APPLICATIONS

Input Derrick Crane loads. Derrick Crane shifts its position according to construction sequence.
Apply Derrick Crane 1, 2, 3 loads to the corresponding positions. In order to input Derrick Crane
loads, define a new loading case for Derrick Crane.

Load Tab / Static Load Cases
Name (Derrick Crane) ; Type> Construction Stage Load
Description (Derrick Crane Load)
Load Tab / Nodal Loads
Select Window (@ in Fig. 58; Node 6, 16 )
Load Case Name>Derrick Crane
Load Group Name> Derrick Crane 1 ; Options>Add
Nodal Loads>FZ (-80)

Select Window (@ in Fig. 58; Node 8, 14 )
Load Case Name> Derrick Crane
Load Group Name> Derrick Crane 2 ; Options>Add
Nodal Loads>FZ (-80)

Select Window (® in Fig. 58; Node 10, 12 )
Load Case Name> Derrick Crane
Load Group Name> Derrick Crane 3 ; Options>Add
Nodal Loads>FZ (-80)

T T2 T

Mame 8 Derrick Crane add
Case : All Load Case ™) Modify
Type 8 Construction Stage Load (CS) T Delete
Description : Derrick Crane Load
Ho Name Type Description

1| Self Weight | Dead Load (D) Self Weight

2 | Additional L | Dead Load (D Additional Load

3| Jack Up User Defined Load (USER) | Support Movernent

4 [Pretension | User Defined Load (USER) | Pretension from Forward Analysis
» b= LYY Construction Stage Dertick Crane Load
*
4 *

Close

Fig. 57 Generation of a Loading Condition for Derrick Crane
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(©) seismic & Nodal Body Force | 1 Element | (9 Pressure Loads = Initial Forces ™
) Termp. fPrestress (2) Construction Stage (C) Load Tables iodal L oad: ) Nodal Masses M Ling [ Hydrostatic Pressure | [ Assign Floor Loads ~
(O wmovingLoad () Heat of Hyckation Staticload UsraLead | ) Speated Displ, ¥ Loadk to Masses | L Typical | 4 assin Plane Loadk
Load Type | Create Load Cases | Structure Loads [ Masses | BeamLoad | Pressure Load | Initial Forces/Ete.
— = EEITEE®IFEERE ® <% - =D A HaGEE NN
Load K e i
B
Hodal Loads
Load Case Name
< Derrick Crane |
< Derrick Crane 1 M @
Options. =} o g
© add Replace Delete % 2 .
Nodal Loads Cf
)
FZ h
E 4
Mz
MY o FY
¥ MY ]
X = o
Fx [0 tonf o
FY tonf @
H tonf _‘;’\
MANG tonfm =
we |0 tonfm ® =
mz |0 tonfm <\\§ @
-
3 > 4\ Model View »
Tree Menu 2

wrt v |m || b nondy |

Fig. 58 Entering Derrick Crane Loads
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ADVANCED APPLICATIONS

Input Cable Pretension calculated by the final stage analysis to individual cable elements as

Pretension Loads.

Load Tab > Temp./Prestress Option > Pretension Loads

R select Intersect (Elements : @ in Fig. 59; Element : 36, 37)
Load Case Name> Pretension ; Load Group Name > Pretension Load 1
Options > Add ; Pretension Load (340.835)

Load Case Name> Pretension ; Load Group Name > Pretension Load 4
Options>Add ; Pretension Load (254.370)

ed Forward Construction] - [Model Vien]

5 Boundary

(@ static Loads () Settlement/Etc. % c (c (c &° Systemn Temp. B N ¢ 57 practeccmoan oo
° w5 & & =
) Constrction Stage () Load Tables , gl 4° Nt Temp
o) @ Static Load  UsingLoad | Element  Temp.  Beam Section Tendon Tendon  Tendon™ it
© Mmoring Load © Heat of Hycration Cases Combinations |~ Temp.  Gradient Temp. Property  Profle  Prestress < ST =T WO
Load Type | Create Load Cases | Ternperature Loads | Prestress Loads
— = EEINEHE® BEHSS®) LD R A= =]
e (L A+
@ Pretension Loads v
< Dertick Crane 1 __3) | .
Q
Defaul v 1‘1
options Q
® Add Replace. Delete
Select Intersect
Pretension Load .- . Qﬁ
[ 340.835 o &
: > @
Apply Closs
) @ s
=]
=)
A
S =
§ @
4 Model View, 13
Tree Meru

trf v [m v [# 45 frondw | (2] 0 (81 2- S
Fig. 59 Entering Cable Pretension obtained from forward analysis

Input the pretension loads in Table 6 to each cable element repeatedly.

Table 6. Cable Pretension (Pretension Loading) calculated by Initial Equilibrium State Analysis

Element Pretension Element Pretension
Load Group . Load Group .
No. Loading No. Loading
Pretension Pretension
36, 37 340.835 35, 38 193.011
Load 1 Load 3
Pretension Pretension
33,40 333.808 34, 39 254.370
Load 2 Load 4
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FINAL AND FORWARD STAGE ANALY SIS FOR CABLE-STAYED BRIDGES

Assign Construction Stage

We now assign the predefined Structure Group, Boundary Group and Load Group to each
corresponding construction stage. First, we assign Stage 1 to Construction Stage as the 1% stage in
forward analysis. Stage 1 is a construction stage, which installs towers.

Load Tab > Construction Stage Option > [ﬁ%" DefineC.S.
Stage 1 w
Save Result>Stage (on)
Element tab>Group List > Stage 1
Activation>__f4d
Boundary tab>Group List > Fixed Support (Tower)
Boundary tab>Group List > Temporary Support (Tower)
Support/SpringPosition > Deformed (on)

Act ivati0n>£|

Load tab> Group List>Self Weight

Activation> A
%
W—é Duration Date  Step  Resulk [~ add
Stage dditional Steps Stagel 0 0 0 Stage
o Clamt —= Ece o 0 Stage == 7El Y
38 = Day: [0 Stage3 0 ] ] Stage pre———
Name Stagel { Example: 1,3,7,14 ) Staged 1} 1} 1} Stage =
Duration ; 0 % day(s StageS o o a Stage Generate
iglenaratay Stages o [1} [1} Stage
Save Result ot [ Stage? 0 o i Stage
Addtional Steps ep Number : Stage?-1 0 0 o Stage
Generate Steps Staged o o o Stage Delete
Curtent Stage Information... Staged o o o Stage
Stageld i a a Stage
< Elementjoundary | Load Staneil 0 n n U
< Close
Grouplst [ Activation Deactivatio
Stagez Elemert Force
g:g:i age i | D 2 day(s) | | Redistribution : | 100 (5 e
Stages
Stagee Group List Group List
g:zgzg Age Hame Redist,
Stage? Stagel o
Stage10
Stagell
Stagelz
Stage:
Lack of Fit Force
add | | Modfy | | Delete add Modfy | | Delete
ok Caricel Apply

Fig. 60 Defining Elements for Stage 1
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Stage

Step:
Stage : Stagsl == . Add Delete:
Name : Stagel | ¢ Examplei 1,3, 7, 14 ) bodfy | Clear
Duration : o % day(s) Step Day
Auto Generation |
Sawe Result
Step Number : [0
’7 ¥/ stage Additional Steps ‘ =2
Generate Steps
Current Stage Irformation...
Bemelaoundary]yad |
Group List - Activation - Deactivation
Hinge Support (Pier) Support | Spring et
Elastic Link (Tower) G
Temporary Gent original (@ Deformeg
Group List Group List
i | | | | N
<‘ Fixed Suppart... Deformed
NJemporary Su... Deformed
Add Modify Delste Add Delete
K Cancel Apply

Fig. 61 Defining Boundary Conditions for Stage 1

Stage
S [staget
Name : | staget
Dwaton: [0 T dae)
Save Result
’7 ¥ Stage additional Steps ‘

Current Stage Information. ..

Element Buundz Load | )

Additional Steps

Add Delete
Day @
{ Example: 1,3, 7, 14 ) Modfy Cleart
Step Day

Auto Generation
Step Mumber

0 =

Generate Steps

Group List [~ Activation - Deactivation
Additional Load .
Fretension Load { Active Day : dav(i) Inactive Day :
Pretension Load 2
Pretension Load 3 . .
Pretension Load ¢ Group List Group List
Jackup Load D
Y Mame Day.
Derrick Crane 1 = .
Dertick Crane 2 W First
Derrick Crang 3
Add Modify Delete Add Madify Delete
[a3 Cancel Apply

Fig. 62 Defining Loads for Stage 1




FINAL AND FORWARD STAGE ANALY SIS FOR CABLE-STAYED BRIDGES

Define Construction Stage for each construction stage from Stage 2 to Stage 13 using Table 7 Forward
Construction Stage Category.

Table 7. Forward Construction Stage Category

Structure Boundary Load Group
ActivationiDeactivation Activation Deactivation Activation Deactivation
Fixed Support (Tower)

(Deformed) ;
Stage 1 Stagel Temporary Support... Self Weight

(Deformed)

Hinge Support (Pier)

(Deformed)
Stage 2 Stage2 Temporary Bent

(Deformed)
Stage 3 Derrick Cranel
Stage 4 | Stage4 Temporary Bent | pretension Load 4
Stage 5 Stage5
Stage 6 Stage6 Pretension Load 3
Stage 7 Derrick Crane2 | Derrick Cranel
Stage 7-1 | Stage7 Pretension Load 2
Stage 8 Stage8
Stage 9 Stage9 Pretension Load 1
Stage 10 Derrick Crane3 | Derrick Crane2
Stage 11 Derrick Crane3

Stage 11-1 | Stagell
Elastic Link (Tower) Temporary

Stage 12 (Deformed) Support (Tower) | Jack Up Load
Stage 13 Additional Load
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Construction Stage Models

Stagel: Install towers

Stage2: Install side spans

»>—8

T

Stage3: Apply Derrick Crane 1

-80.000

>
_—p—

Stage4: Generate cables

-80.000
o

_—

28,
%900
-80.000
\

e

Stage5: Generate main girders

-80.000

g0,

e

&

Stage6: Generate cables
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Fig. 63 Modeling Construction Stages (Stagel~Stage6)
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Stage7: Remove Derrick Crane 1 and apply Stage7-1: Generate cables
Derrick Crane 2 i
' s 5% ' g R
g 1 I g S
§ K % # g % 3 4
y 11 il 77 1% gt
= A
pol
Stage8: Generate main girders Stage9: Generate cables
Y A ‘ NP NI N
H i § & 9
i % g § % ™ g
3’&3 Y i e 9 $_.°°; % | \__—8
e e e B
Stage 10: Remove Derrick Crane 2 and apply Derrick Stagel1: Remove Derrick Crane 3
Crane 3 p "
) LY A | 2,
& & % & o
% g g & k4 % . ”;e ¥ “»
g | %N : R % |
*f ; . ¥ ) - ,’f ; Y *% 1 G
" o~ A

Fig. 64 Modeling Construction Stages (Stage 7~Stage 11)
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Stagell-1: Generate KEY SEG

o«

Stagel2: Apply Jack Up Load

000
.00
<008y,
Sty

58

Fig. 65 Modeling Construction Stages (Stage 11-1~Stage 13)
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Input Construction Stage Analysis Data

Analysis Tab > Construction Stage
Final Stage>Last Stage (on)
Cable-Pretension Force Control > Internal Force (on)
Initial Tangent Displacement Erected Structures> All (on)
Lack of Fit Force Control (on) > Lack of Ft Force (Select) J

"i Construction Stage Analisis Control Data i

Final Stage : mREgrce Contral
oLt Sta;e D Other Stage v & Internal Forcg External Force

Initial Force Contral

Restart Construction Stage Analysis Select Stages for Restart... Convert Final Stage Member Forces ko Initial Forces For Post C.5.

Analysis Option

Include Monlinear Analysis Nonlinear Analysis Control Change Cable Element ko Equivalent Truss Element for PastCS
Apply Initial Member Force to C.5.
= + | Initial Tangent Displacement for Erected Structures
Include P-Delta Effect Only P-Delta Analysis Control
= 9 Al Group ¥
+Inchude Time Dependent Effect Time Dependent Effect Cantrol

' Lack-of-Fit Force Control
Load Cases to be Distinguished From Dead Load for C.5, Output

Load case Sl weight =\ T o Consider Stress Decrease at Lead Length Zone by Post-tension

Delete Beam Section Property Changes

Constant @ Change with Tendan
Load Type Far .5, (Erection Load) : Dead Load of Wearing Surfaces anc ¥
Frarne Output

Calculate Concurrent Forces of Frame:
+ Caleulate Output of Each Part of Composite Section

Save Output of Current Stage(Beam/Truss)

Remave Construction Stage Analysis Control Data oK Cancel

Fig. 65 Construction Stage Analysis Control Data Dialog Box

Adjusting Cable-Pretension using Cable-Pretension Force Control and Lack of Fit
Force Control

Cable-Pretension Force Control function is used to control Cable-Pretension for construction stage
analysis of a cable stayed bridge. In general, due to force redistribution we cannot expect the resultant
cable forces whose magnitude is the same as the Pretension Loads entered. External Force type is
selected when the user directly enters cable pretension. In this tutorial, since we use pretension
obtained from the completed state, we select Internal Force type and Lack-of-Fit Force Control to
automatically calculate pretension for each stage.
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ADVANCED APPLICATIONS

Main Control Data

For convergence, we change the default for Number of Iterations/Load Case (20) to 30.

Analysis Tab > Main Control Data
Tension / Compression Truss Element (Elastic Link / Inelastic Spring)
Number of Iterations/Load Case > 30,

*i Main Control Data ‘

+ Auto Rotational DOF Constraint For TrussfPlane Stress/Solid Elements

+| Auko Mormal Rotation Constraint for Plate Elements
Tension { Compression Truss Element {Elastic Link / Inelastic Spring;

e

Mumber of Iterations/Load Case 30 =
Convergence Tolerance 0.001
+ Consider Section Stiffness Scale Factor Far Stress Calculation
+| Transfer Reactions of Slave Nodes to the Master Node

+| Consider Reinforcement for Section Stiffness Caloulation

Change Local Axis of Tapered Section for Forcefstress Calculation

oK Caneel

Perform Structural Analysis

Perform construction stage analysis for self-weight, superimposed dead load, Jack Up load and
Derrick Crane load.

Analysis >%| Perform Analysis J
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@ If the Stage Toolbar is
active, the analysis

results can be
monitored in the
View by  se
construction

easiy
Model
lecting
stages

using the arrow keys

on the key board.

@ If the default
Deformation  Scale
Factor is too large,

we can adjust
Scale Factor.

the

Review Construction Stage Analysis Results

Review the changes of deformed shapes and section forces for each construction stage by construction
stage analysis.

Review Deformed Shapes

Review the deformed shape of themain girders and towers for each construction stage.

Stage Tab Stage 6 v
Result Tab > Deformations > [71 Deformed Shape
Load Cases/Combinations>CS:Dead Load
Components>DXYZ; Typeof Display>Undeformed (on); Legend (on)
Deform _| > Deformation Scale Factor (0.5) gA
Values _I > Value Output Details
Decimal Points> (4) ; MinMax Only (on) ; Min & Max (on)
Stage/Step Real Displ. (on)

— 5%
£ Hep v 3 X

Elerment  Properties  Ecundary

% 4-Reartipns s 94 Stresses | & Beam/Blement © | L Mode Shapes ~ i Influ. Lines ~ W S Cable Contral E[
7 Diagram ~ Local Direction. el Dy Ratin.. | d Influ. Surfaces = | & T.H Graph/Text = | [ Camber/Reaction © oo s L —
Combination | P2 TS & HY Resuits ™| = Reciuction Moment | [ Hockl Results 0fRS | g Moving Tracer * | & Stage/Step Graph | & Tendon Loss Graph E”D?fgggj e ok;zt Rfaﬁgf .
Combination | Reslits | Detal | Mode shape: | mMovinglosd | TmeHstoy | Bridge: | Text | Tabes |
= EEITYRE®IE RS ® <% CEES DN A HDEE NN AR
& N N MIDAS/Civil
i Staged A it -
Beform. Fii stag I __pOST-IROCESSOR
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> = Last Step
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Fig. 66 Deformed Shape for Each Construction Stage from Forward Analysis

61



ADVANCED APPLICATIONS

Review Bending Moments

For each construction stage, we review bending moments for the main girders and towers.

Result Tab > Forces > "™ Beam Diagrams
Stage Toolbar>Stage 10
Load Cases>Combinations>CS:Summation
Components>My
Display Options>5Points; Solid Fll
Typeof Display>Contour (on); Legend (on)
Values _l > Value Output Details
Decimal Points > (3) ; MinMax Only (on) ; Min & Max (on)

‘orward Construction] - [Model View]

B A CEE NN

Beam Disgrams

Load Cases/Cambinatians

Cs: Summation g -
Step |Last Step v

Fx e
Py F2 Py
© 1y ez Hy:
i1 14
Display Options o AT40
o Fil
o IR Line Fil

Scaler [ 1.00000(] | © SoidFil

Type of Display
¥l Contour .. Deform

<Ival . “llegend .
Animate ... [ Undeformed
Minored (... Quick Yiew

Output Section Location

¥abstax [ Minfax al

annly Cince,

MIDAS/Civil

HOEENT-y
1.04912e+003
5.52470e+002
6.55623e+002
4.59176e+002
2.62529e4002
0.00000e+000

-1.30765e4002

-3.2741ze4002

-5. 240596002

-7.20708e+002

-9.17353e+002

-1.11400e+003

STAGE: 5tagel0

C5: Swmmation

Last Step

X : 2z

s o

FILE: 10 Cable §-

UNIT: tonf

DATE: 07/31/2012
VIEW-DIRECTION

POST-PROCESSOR
BEAN DLAGRAN

U; 55, 0, 40 G: -55, 0, 40

x| e 2 rondr ] (21 [0 =201

Fig. 67 Bending Moment Diagram for Each Construction Stage from Forward Analysis
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FINAL AND FORWARD STAGE ANALY SIS FOR CABLE-STAYED BRIDGES

Review Axial Forces

For each construction stage, we review axial forces for cables.

Results Tab> Forces > E Truss Forces
Load Cases/Combinations>CS:Summation
Force Filter>All; TypeofDisplay>Legend (on)
Values _l > Value Output Details
Decimal Points> (3) ; MinMax Only (off)
Output Section Location > Max (on)
Stage Toolbar>Stage 10

£ Reactions P2 Stresses T BeamjElement * | &, Mode Shapes @ Influ. Lines ~ | [ T.HResults ~

T Cable Control =

F ETormator Diagram ~ Local Direction.. Modsl Darmping Ratio.. | @ Influ. Surfaces ~| 16 T.H GraphyText - | [= Camber/Reaction -
o Forces - ¥ Results ~ | %+ Reduction Moment | [, Nodsl Resuits of RS | ) Moving Tracer - | [ StagefSten Graph | B Tendon Loss Graph

k=

Bridge Gider | Text | Reslts

Output | Tables

Mirrored

Combination | ResLits | Detal | Mode shape | Modngload | Tmestay | Biicige
= EEITEHE®IESS S ® K - % EESCSIZ DA0EE NN RRG
oo H stage1n - IR
Truss Forces -
Load Camesfambinations
51 Surmation v
step [Last Step v
Force Filter
oAl Tens, Cormp.
37 & 5 g, & ®
3 N e 7. =y =
BRIy 1 £ 5 > 5 1
« Contour Defarm ¥ & % fé ¥ = &
Vvdues o Flegend
Animate Undeformed

| Text | Tables |

TENS. /COMP.

Output Sectio
1 Al

Apply Clase,

&|a

Y

C5: Summarion
Last Step
WX : 3
nIm : 38

UNIT: tonf

z: 0.000

MIDAS/Civil
POST-PROCES50R
TRUSS FORCE
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Fig. 68 Changes of Axial Forces for Each Construction Stage from Forward Analysis
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ADVANCED APPLICATIONS

Review Nodal Displacements & Member Forces Used for
Calculating Lack-of-Fit Forces

For each construction stage, we review nodal displacements and member forces used for calculating
Lack-of-Fit Forces.

Results/Result Tables / Construction Stage / Lack of Fit Force (Truss)

Reactions ~ 9 Stresses - | 38 Beam/Blement - | &, Mode Shapes - h Influ. Lines ~ | [ THResuiks ~ YT Cable Contral ~ Ym
Deformations ~ ¥ Diagram ~ Local Direction Wiodsl Damping Ratio. | @b Infu, Surfaces © [ TH GraphfText = | [~ Camber/Reaction LiE
o) ot Farces ~ HY Results ~ | 4~ Reduction Mament Nodal Results of RS | B Moving Tracer ~ | &, Stage/step Graph | BB Tendon LossGraph D@ Gier | Text | Resits
Combiation | '#2 Farces &3 HY Results ~ | 4= Reduuction Mamen fadal Results @ ioving Tracer agestep Graph | B Tendon Less Gragh 1o Cutput | Tables ™
Combination | Resuits | Detal | Mode shape | Movngload |7 Time History | Bricige | et | Tabes |
— - ] | "% 2Ty g | = ][]
Local Vector I-Note Disp.
Pretension | LOF Force | UM enge | Enstoty | avea
Een | Nodel | Nade. oty Qoo | ttomimd) | )
Fles st . . r e it @ ox oY oz t
@ Stucture Tables (D) @ G 4
Fresul Tables 3 El T 3606|753  amees| 0707 000 5707 | 45000 | 157000000 0005 [ 0003
4 Reaclion 34 34 3 254370 0120 | 254430 -0.447 -0.000 0834 63.435 | 15700000.0
& feaction & e 7 183011 Sisi1 | 2me2 0447|0000 0884 |  63435 | 157000000
18 Cicpacenerts * £l g 340835 170826  Go0eet 0707|0000 0707 | 45000 | 157000000
w8 T il E5 13 0835 179675 | sa0et 0707|0000 0707 | 45000 | 157000000
B £ £ 15 183011 11| 2ms22|  o4a7|  -00o 0884 |  63435 | 157000000
B £ E3 19 254370 0120 254480 0447|0000 0884 |  63435 | 157000000
“ ) £ 21 3606|7153 _am6ss 0707|0000 0707 | 45000 | 157000000
B Nodal Results of FS
{5 Inelastc Hinge =
-0 Tie Histoy Analsis
&3 Heat of Hydration Anslsis:
w5 Tendon
58 Composite Section For C.
=&, Constuuction Stage
B Element Propeties at Each
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Fig. 69 Nodal Displacements and Member Forces used to calculate Lack-of-Fit Forces for Each
Construction Stage
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Compare Final Stage Analysis Results with Forward Stage
Analysis Results

Compare cable pretension, deflection and moments of girders for final stage analysis with those for
forward analysis. The comparison of cable pretension for final stage analysis and that for forward
analysis is shown in Table 8.

Table 8. Comparison of Cable Pretension for Final Stage Analysis and that for Forward Stage Analysis

Cabl_e Pretension Cable Pretensiop Difference (%)
Element (Final Stage) (Forward Analysis)

| J | J | J
33 316.875 315.305 | 317.833837 : 316.263837 -0.3 -0.3
34 236.369 234,799 | 237.019938 : 235.449938 027 -0.28
35 192.503 190.933 | 192.255350 ; 190.685350 0.13 0.13
36 344,595 343,025 | 344.429928 : 342.859928 0.05 0.05
37 344,595 343,025 | 344.429928 : 342.859928 0.05 0.05
38 192.503 190.933 | 192.255350 ;| 190.685350 0.13 0.13
39 236.369 234.799 | 237.019938 i 235.449938 027  -0.28
40 316.875 315.305 317.833837 i 316.263837 0.3 .03

Compare girder deflection for final stage analysis with that for forward analysis.

Table 9. Comparison of Girder Deflection for Final Stage Analysis and that for Forward Stage Analysis

Node Final Stage Forward Difference (%)
(mm) (mm)

1 10.000 10.000000 0

2 6.902 6.948079 -0.66
3 4,710 4.781067 -1.49
4 1.948 2.002837 -2.74
5 -0.622 -0.622735 -0.12
6 -3.512 -3.601951 225
7 -5.752 -5.943714 -3.23
8 -7.958 -8.244365 -3.47
9 -9.752 -10.109299 -3.53
10 -11.898 -12.292120 -3.21
11 -12.270 -12.668544 -3.15
12 -11.898 -12.292120 -3.21
13 -9.752 -10.109299 -3.53
14 -7.958 -8.244365 -3.47
15 -5.752 -5.943714 -3.23
16 -3.512 -3.601951 -2.5
17 -0.622 -0.622735 -0.12
18 1.948 2.002837 -2.74
19 4,710 4.781067 -1.49
20 6.902 6.948079 -0.66
21 10.000 10.000000 0
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Compare girder moments for final stage analysis with those for forward analysis.

Table 10. Comparison of Girder Moments for Final Stage Analysis and those for Forward Stage Analysis

Node Final Stage Forward Difference
(tonf-m) (tonf-m) (%)

1 0.00 263.16 -

2 267.82 -401.67 1.74%
3 -392.35 109.39 -2.38%
4 117.82 -307.55 7.19%
5 -300.00 211.20 -2.53%
6 214.00 -198.06 1.31%
7 -200.00 168.83 0.98%
8 164.00 -392.27 -2.96%
9 -400.00 535.73 1.94%
10 528.00 651.73 -1.47%
11 644.00 535.73 -1.20%
12 528.00 -392.27 -1.47%
13 -400.00 168.83 1.94%
14 164.00 -198.06 -2.96%
15 -200.00 211.20 0.98%
16 214.00 -307.55 1.31%
17 -300.00 109.39 -2.53%
18 117.82 -401.67 7.19%
19 -392.35 263.16 -2.38%
20 267.82 263.16 1.74%
21 0.00 0.00 -




