Tutorial

Final and Construction Stage Analysis for
a Cable-Stayed Bridge
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FINAL AND CONSTRUCTION STAGE ANALYSIS 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.

Cable-stayed bridges are structures that require a high degree of technology for both design and
construction, and hence demand sophisticated structural analysis and design techniques when
compared with other types of conventional bridges.

In addition to static analysis for dead and live loads, a dynamic analysis must also be
performed to determine eigenvalues. Also moving load, earthquake load and wind load
analyses are essentially required for designing a cable-stayed bridge.

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.

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 220 m
center span and 100 m side spans. Fig. 1 below shows the bridge layout.

tion] - [Render View]

For Help. press F1 [ Mod=163 [U:3.78,2038 [6:3782038 | T | P = = e M |

Fig. 1 Cable-stayed bridge analytical model



FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

@ We input initial cable
prestress force values, which
can be calculated by 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 (self-anchored)
Bridge length L =100 m+220 m+100 m =420 m

Bridge Width B =15.6 m (2 lanes)

Lanes 2 lane structure

=
2@3 +8@10 + 14 =100 m | 14 +9@10 + 12+ 9@10 + 14 =220 m | 14 + 8@10 + 2@3 =100 m
+ 420 m
Fig. 2 General layout
15.6 m
Loading —orm
16.3m
»  Self-weight: Automatically calculated within the program “Troom
» Additional dead load: pavement, railing and parapets 1
> Initial cable prestress forces: Cable prestress forces that satisfy
initial equilibrium state at the final stage seom
24.0m
19.6 m o

Fig. 3 Tower layout



FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Working Condition Setting

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

File / 01 New Project
File / M Save (Cable Stayed Backward)

Tools / Unit System
Length>m; Force (Mass)>kN (ton) J

&

G Ele Edt Yow Model Load Anahvsis Resubs Design Mode Query Tols Window Help

{ Freque... | GridfSnap | UCSGCS | View Co... Activation| |} Wizard | Node | Element | Property | BCJMass  Stage [ Load | Moving | Settlement | Resuk | Influence Lines/Surfaces | Query

i g > B 1) ease v | BBt R T | @ o b ho J
iDEE| |GRiG% LHE A@EDO BY B A6 ¢ - & B
T 3% [0 75 Model View | bx|
Menu | Tables | Group | Works 1
B Structure Analysis f
+ [Ef Configuration i)
+ @ Geomely =
+ d Static Loads
+1-b; Response Spectrum Analysis B
+ o Time History Analysic 6]
+1 B Moving Lozd Analysis A
+| FET. Getlemert Analysis Data -
+] 4 Composite Section Anabsis Data Unit System X B
+ [Bf Heat of Huckation Analysis Data o o
+1 @& Won-Linear Analysis Data Length Force (Mass) Heat =
+ % Constuction Stage Analysis Data & m CN g ol ~
+ Results ~ & kN (ton) kol =
+ ilf Design &
+ & Query © mm . @3 &
 tonf {ton)
i O (b R
in  kips (kipsfgh  Btu
Temperohure
" Celsius (& Fahrenheit
ot : Selected units are displayed in relevant =
dialog boxes. Yalues are HOT changed vith -
s
-
I~ 5etiChange Default Uit System t
oK Apply Cancel ¥
&3
k-
&
For Help, press F1 Mone! Ui -12261, 326,96, 0 Gi 122,61, 328, ) | 4| pllfeonc=] W =iz =

Fig. 4 Assign Working Condition and Unit System



FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Definition of Material and Section Properties

Input material properties for the cables, main girders, towers, cross beams between the main girders

Add

and tower cross beams. Click button under Material tab in Properties dialog box.

Model / Properties / k=I| Material
Material ID (1); Name (Cable); Type of Design>User Defined;
User Defined>Standard >None; Type of Material>Isotropic;
Analysis Data>Modulus of Elasticity (1.9613e8); Poisson’s Ratio (0.3)
Weight Density (77.09)

Input material properties for the main girders, towers (pylons), cross beams between the main
girders and tower cross beams similarly. The input values are shown in Table 1.

Table 1 Material Properties

Material N Modulus of Elasticity ety R Weight Density
D (kN/m?) (kN/m?’)
1 Cable 1.9613x10® 0.3 77.09
2 Girder 1.9995x10® 0.3 77.09
3 Pylon 2.78%107 0.2 23.56
4 CBeam_Girder 1.9613x10® 0.3 77.09
5 CBeam_Pylon 2.78%107 0.2 23.56

Properties
Nuame CaBLE |
I aterial | Sectinnl Thicknessl
. User Defined
10 [ Hame [ Tupe [Stendsd [ DB [ Add D stondard[uane =
T Catle User Det. g p e =
2 Girder User Def ] ~Defined Concrete
3 Pylon User Def. Delet Type of Material Standard
4 CBeam Gir.. UserDef. Elete & 1sotropic  orhotropic o8
5 CBeam_Pylon  User Def Copy Usor Dofined
Modulus of Clasticky : | 1061501008 keufma
is 03
[ 7705 leatme
Kijm g
kafm
—
1471
Weioht Density ¢ kagfm>
H knjm3ig
4 | 0
Plastic materialname o =]
Close [ semwmm
o 3fmehe[T]

oK Cancel

Fig. 5 Defined Material Properties



FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Input section properties for the cables, main girders, towers (pylons), cross beams between the main

girders and tower cross beams. Click il button under Section tab in Properties dialog box.

Model / Properties / E Section
Value tab
Section ID (1); Name (Cable); Built-Up Section (on); Consider Shear Deformation (on);
Section Shape>Solid Rectangle; Section Properties>Area (0.0052)

Input section properties for the main girders, towers (pylons), cross beams between the main girders
and tower cross beams similarly. The values are shown in Table 2.

Table 2 Section Properties

Sectio
. Area Ixx Iyy Izz
n ame
(m?) (m*) (m*) (m*)
ID
1 Cable 0.0052 0.0 0.0 0.0
2 Girder 0.3092 0.007 0.1577 4.7620
3 Pylon 9.2000 19.51 25.5670 8.1230
4 CBeam_Girder 0.0499 0.0031 0.0447 0.1331
5 CBeam_Pylon 7.2000 15.79 14.4720 7.9920
Properties AW Set Secx. [x]
e | e |Th,ckms| DB/User Yahie |SRC | Combined| PSC | Tapered | Composic |
h
10 [ Name [ Tupe ['Shape | Add
1 Cable Valus SE ol ’J Section|D |1 B Solid Rectangl M
2 Girder Walue SB —_—
Mame |Cable [¥ Built-Up Section
i Eéilg:m_ﬁlrdel E::ﬂ: gg &I ’
5 CBeam_Pylon Walue SB Copy | =
| | —— H 0.0000 |m
_ e | ( B 0.0000|m
H
L Calc. Section Properies
Area 0.0052]m2
Asy 0|m*
Asz 0|m#
liex 0.0000e-+000 | rmad
lyy 0.0000e-+000 {m™d
lzz 0.0000e+000 |m*d [
Cyp 0fm
Cloze Cym Olm
Czp 0fm
Czm Ofrm
Qyb 0|m=
Offset [CenterCenter | = 3 [
A= e e | 0K | | Careel | apob |

Fig. 6 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 initial
cable 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. We then copy the 2D model symmetrically to
generate a 3D model. 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 shown in Fig. 7.

E51.Civil 2006-LAN ivil 700 Tutorials\Cable Stayed Backwar d\Cable Stayed Backward] - [Model View]
i3 Ble Edt Yew bodel load Anabsis Besbs Desion Mode Query ook Window Help _®
§| Freque... | Gridjsnap | UCS/GCS | view Co...| Activation feard | Node | Elemert | Property | BC/Mass  Stage | Load | Moving | Settiement | Result | Influence Lines/Surfaces | Query
A LR S S el = I e A A e I
iDEd | | GRiGE LHK ARG BY I HE A6 § - & ==
Tree Menu 23X 478G Model view | P ﬁf’
Menu | Tables | Group | Works 1
A Stucturs Analysis %
+ [ Corfiguation B
+ € Geomety B
+ - Static Loads
+ b= Response Spectium Analysis (=]
+Po Time Historw Analysis @
+ B MovingLoad Anabsis A
+ TIT Settlement Analysis Data —
+1 &4 Compasite Section Anlsis Data R
+ [ Heat of Hydiation Analysis Data a
+| Bf MorrLinsar Analysis Data <
+1 |5 Construction Stage Analsis Data ~
+ ] Resuts =
+1 fify Desian &
+ & Query @l
-
-
t
+
&
<
&
For Help, press F1 Nonel | U:-82.35, 337.94,0 | G:i-82.35,337.94,0 [kN ~|lm v 2] 2 lfnenc=] 2l 2 &

Fig. 7 Final Model for Cable-Stayed Bridge
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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.

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

2D Model Generation by Cable-Stayed Bridge Wizard
Tower Modeling
Expand into a 3D Model
Main Girder Cross Beam Generation
Tower Bearing Generation
End 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

e R AR ol o B

—_ =
—_ O




FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

2D Model Generation

¢ Using the Cable Stayed MIDAS/Civil provides a Cable-Stayed Bridge Wizard function that can automatically generate a
Bridge Wizard function, a 2p 2D cable-stayed bridge model based on basic structural dimensions of the bridge. Input basic
model can be generated  Structural dimensions of the cable-stayed bridge in the Cable-Stayed Bridge Wizard as follows.
automatically based on material
and section properties of the
cables, main girders and towers.

@ Front View J Point Grid (off) * point Grid Snap (off)
E Line Grid Snap (off) . Node Snap (on) ﬂ Elements Snap (on)

@ If Truss is selected as the Model / Structure Wizard / @ Cable Stayed Bridge @
element type for cables, truss Type>Symmetric Bridge
elements are generated; and if
Cable is selected, it wil A>X(m) (0) ; Z (m) (25) ; B>X (m) (100) ; Z (m) (90)
automatically generate equivalent Height>H1 (m) (90)
truss elemems for linear analysis Material>Cable>1:Cable ; Deck>2:Girder ; Tower>3:Pylon
and elastic catenary cable
elements for nonlinear analysis. Section>Cable>1:Cable ; Deck>2:Girder ; Tower>3:Pylon
Select Cable & Hanger Element Type>Truss @
@ Input vertical slopes as 5% for [}
both side spans, and use a Shape of Deck (on)>Left Slope (%) (5) ; Arc Length (m) (220)
circular curve for the center Cable Distances & Heights
span, which s coninuous from Left>Distance (m) (3, 8@10, 14) ; Height (m) (1.2, 3@1.5, 3@2, 2@2.3, 45)

each side span.
Center>Distance (m) (14, 9@10, 12, 9@10, 14) 4

@ If Drawing in View option is

Cable Stayed Bridge Wizard

selected, the 2D model shape, Node Coordnates & Heights l o ol o
which will be generated based [ & Symmetic Bridge cabe |1 1. Cable = 1. Cable |
. . . € Asymmetiic Biidge A n =i n =
on the input dimensions, can be Deck | 2 Girdst 7| | 2 Girdet ™|
. d in the wizard wind [ [ zZm) Tower |3 3 Pylon ENE I Pylon |
viewed in the wizard window. a o 25 Select Cable Element Type (% Truss [~ Tension Orip(Cable)
B 100 30 [ Distance from Deck to Tawer ¥ Shape of Deck
Dist[m] Dist{m) Left Slope(%) g
u u
£ [a o [Ga o ArcLengthim]  [220
N g 6z [0 [Ga [0 Right Slope(] |0
Hiim) Ha(m) ——— CabloDistances & Heights
e T [ Distance{m) | Heightfm)
Left 3, 8@10, 14 1.2, 3@15, 3@2, 2223, 45
™ Depth of Deck [H3]
Center |14, 9@10, 12, 9210, 14
Hafm) [0
Right
™| Hode N
B T c I emben e
b e Tower—— .
2 2 View option ——
B e Cable Cable .
-IHelnhl Height ; & Bilmap
H1 T H2  Drawing
H3%
| A G141 G2 Deck G3 i Ga D W[z A
1.2 - 0.2,= 1,2 -
[Irliiséan;:‘:k_‘ [ Distancce . - HHE{;!ﬁPEEH i
€ hicricad enter TR ig
Close

Fig. 8 Cable-Stayed Bridge Wizard Dialog Box
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Girder Modeling

Duplicated nodes will be generated at the tower locations since the Cable-Stayed Bridge Wizard
will generate the main girders as a simple beam type for the side and center spans. This tutorial
example is a continuous self-anchored cable-stayed bridge. We will use the Merge Node function to
make the girders continuous at the tower locations.

El Node Number (on) @ Front View
Model / Nodes / ** Merge Nodes
Merge>All
Tolerance (0.001)
Remove Merged Nodes (on) !

ivil 2006-LAN - [C:\Civil 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward] - [Model View]

Ele Edt Vew Model Load Analysis Resubs Desion Mode Query Took Window Help -a
rty | BCJMass | Stage | Load | Moving | Settlement | Result | Influence LinesfSurfaces | Query

% ol |

lfSnap | UCS/GES

et Wi

DEHE -2 GRS EIIHAAGDE BY S5 a6 ¢ - & BE=ETEY
Tree Meru X 4G Model View | VX e
Node | Element| Boun... | Mass | Load 1
2
Merge bodes = 5
StartHode Humber : [165 . e
werge =
o @
£ Selection A
" Mumber ]
Ep
Tolerance: | 0.001 n e
I/ Remove Merged Nades &
spply Close
4
&
s (2 .

Message Windon " 2 x

< > [\_CommendMessage ), Analysis Message Kl |
For Help, press F1 Nonel  Ui0,0,0 60,00 W llm =l 24 o] EIE i T2 =

Fig. 9 Generated 2D Model of the Cable-Stayed Bridge
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Tower Modeling

The upper and lower widths of the towers are 15.600 m and 19.600 m respectively. To model the
inclined towers, the lower parts of the towers will be moved 2m in the —Y direction using the
Translate Node function.

E Left View Auto Fitting ﬂ Node Number (off)

Model / Nodes / ﬂ Translate Nodes
Select Window (Nodes: A in Fig. 10)
Mode>Move; Translation>Equal Distance; dx, dy,dz(0,-2,0) J

E%1.Civil 2006-LAN - [C:\Civil 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward *] - [Model View]

PO Ble Edt Wew [odel Load gnass Resus gn Mode Query Took Window Help
fSnap | UCS/GCS | View Co..., Activation |i
gt P gRO . E

roard = \ Element | Property | BC/Mass | Stage |Load  Moving | Settlement | Result | Influsnce Lines/Surfaces | Query
N G Tt 4 P |
iDESHE| o SRS E RO O B BE NG = ~|E%|E |

Tree Menu 2[4 G Model view |
Mode | Element| Boun. .. | Mass | Load

Translate Nodes -l . I

startNods umber ¢ [ 165
Made 1 ~ =
C Copy & pove 1 Eh Model View M= E
Translation 1
& Equal Distance
dxdpdz 0,20 i

(" Unequal Distance:
Gx Cy
o

—

B8 | g

S —
"
-

[~ Interssct Frame Elements

Apply Close.

=>4t O0DF

D

Before Execution

&

Message Window

< > [ Command Message 7\ Analysis Message K] 1L |
Far Help, press FL None! | Ui0,0,0 60,00 R I e e e = P =

Fig. 10 Arrangement of Inclined Towers
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% Detailed explanation for Note that the local coordinate system of the inclined tower elements is changed with the movement
Beta Angle can be found in
“Tutorial for 3D Simple 2-Bay
Frame” or “Truss Element”

of the nodes. The y & z-axes become rotated by 90° when the element is inclined - this is a built-in
feature of the program. To revert y & z axes to their original positions, the Beta Angle is changed to

% .
parts in “Types of Elements -90°. By changing the Beta Angle of the tower elements to -90°, we also make the local element
and Important Considerations” coordinate systems of the upper and lower tower elements coincide for the ease of reviewing
in “Analysis  for  Civil analysis results.
Structures”.
gDisplay

Element>Local Axis (on)

Model / Elements / ﬂ Change Element Parameters
B Select Intersect (Elements: A in Fig. 11)
Parameter Type> Element Local Axis (on)> Beta Angle
Beta Angle (Deg) (-90) J

E51.Civil 2006-LAN - [ il 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward] - [Model View]

33 B Edt Wew fodkl load Anobss Fesubs Deson Mode Query Took Windon Help _a

izard | Node | Element | Property Bcfmaﬂ Load | Moving | Settlement | Result | InfuenceLines/Surfaces  Query

i Freque

R Ll = idl%-@a@.ﬂ\x@ S rara J
IDEME| X FIFAE: { DB BY 5536 ¢ - & o7t - Jie[a] 8
Tres Menu 2% 4Gy Modelview | P x|
Mode | Element| Boun... | Mass | Load JZ,
rr—— . 3
Blstart fiumber ks ®
Mode Humber s .| - 3
Elemerthurber: 274 ... fa =
—— : &
£ Material D Z B
£ Saction 1D o
€ Thickness ID <&
(% Element Local Axis o
£ Element Type 51 Model View [_[O] -] @
€ Reverse Element Local - ] &
 align Element Local
Mode ;
& Assian I
 Betadnde  ( Ref.Paint ;
 Ref. vector
Beta Angle 90 v| [Dea]
 Change -
i -
t
T L
X
¢
&
4
< >
For Help, press F1 None! | Ui0,0,0 60,00 [N ~lTm =] 3l plllnence] 210 iz =

Fig. 11 Local Element Axis Transformation for Tower Elements
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Z7/1

To generate the tower cross beams, divide the tower elements in the Z-axis direction by Divide
Elements.

Model / Elements / E Divide Elements
ﬂ Select Previous
Divide>Element type>Frame; Unequal Distance
x (m) (10, 36)

700 Tutorials\Cable Stayed Backward\Cable Stayed Backward Construction] - [Model View]

Euﬂ File Edt Wiew Model Load Analysis Results Design  Mode Query Tools window Help - 8x
idfsnap | UCS/GCS | Wiew Co. ... Activation izard | Node  Element | Property LEC/Mass | Stage  Load  Moving | Settlement | Resul | Influence Lines/Surfaces  Query
i grirurB rrlydnsdatlrFRRers J
iDSHE) &8RS E LER AED (B BE A@| § e - 5 s - [ 4[] & |
Tres Menu 2% 4G Modelview | - P X
Made E\emer\t‘ Boun... | Mass | Load JZ,
Divide Elements. -l . =
B . ®
Elstart nurber b e
hode Mumber [ g b
x
Element Nurmber B2 | ¥ 5
ha
Divide g é
Element Type b I
* Frame " Solid d\
" Planar
* <&
" Equal Distance (_'.
' Unequal Distance —
" Parametric Unequal Distance g

 Paralel Bracing
(" Divide by tiode
s

% [10,36 m

le: 53,45, 585, =
{Example: 5, 3,45, 3@5.0) e
[ Merge Duplicate Nodes .. | -
t
sooly | close )
e
L
&
D

Message Window 2 x

< | 5 [FTATE T Conmandessage ) Analysis message Lo ol
For Help, press F1 Nore!  U:0,0,0 0,00 kN <l[m =] o el fnonce] [ 0 Hi[z =

Fig. 12 Division of Tower Elements
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3D Model Generation

To generate the 3D model, we move the 2D model —7.800m in the Y direction, as the bridge width
is 15.600 m.

Model / Nodes / ﬂ Translate Nodes
@ Select All

Mode>Move; Translation>Equal Distance; dx, dy,dz (0, -7.8,0)

700 Tutorials\Cable Stayed Backward\Cable Stayed Backward Construction] - [Model View]

le Edt View Model Load dnalyss Resubs Desin Mode Query Took Window Help -ax

nap | UCSJGCS | View Co.... Activation o | Element | Property | BCMass | Stage | Load | Moving | Settlement | Result | Influence Lines/Surfaces | Query

PN L = N T2 Tt AT J

| B3 LEE ad @B BE A G| rossise - G s - [: 24[8] &

Tres Mery 2% 4G Model view | -~ =
Mode | Element| Boun... | Mass | Load

Translate Nodes .

iz

~
o
3

:I.

Stark Node umber = [165 .
tode
 Copy & ove
Translation
= Equal Distarce

ddydz [0,-78,0 D
 Unequal Distance:

Fx Cy €
5

O

;
3
=]
®
®
®
®
i
@
&

—

e

= |
o
" Intersect Frame Elements |
-
apply | chse -
L
¥
o3
i
%

“a

Hessage Window, 2 x

< | [ Commend Message }, Analysis Message |Kl |
For Help, press F1 Nore!  U:0,0,0 0,00 kN <l[m =] o el fnonce] (2] 0 iz =

v

Fig. 13 Moving 2D Model —7.8 m in the Y direction
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We now copy the cables, main girders and towers symmetrically with respect to the centerline of
the bridge. At this time, we will check on Mirror Element (Beta) Angle to match the local
coordinates of the copied towers to those of the origin towers.

Model / Elements / ﬂ Mirror Elements
@ Select All
Mode>Copy
Reflection>2z-x plane (m) (0)
Copy Element Attributes (on) ; Mirror Beta Angle (on)

&% Civil 2006-LAN - [C:\Civil 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward Construction] - [Model View]

%y Fle Edt Vew Modsl Load Analsic Resubs Design Mode Query Teok tindow Help o ax
izord | Node | Element | Pr BCfMass | Stage | Load | Moving | Settlement | Result | Influence Lines/Sufaces | Query
PG GRMEEXRFEADP P J

idfSnap | UCS/GES | View Cov..| Activation

gritgr@ . x

l | S 2 Rzﬁ@ﬁ(@ B % %5 A8 ¢ ai - i[5 4

Tres enu 2X 14 F Model View | b x|
Mode  Element| Boun... | Mass | Load
[Wirror Elements <] .

Blstart fiumber - *

Node bumber 165 .| g g

Blementhurber 1 [274 .. b5 B

Mode I i

& Ccopy © move i 5

Reflection - -

Coyapane e [T

Couyplrez 1 4

@ zxpane v [0 m

(* Plane defined by 3 pts.

i

Material Increment [0 =]
Section Increment: =
Thickness Increment [o =]
Intersect [~ Node [~ elem .|
[~ Copy Node Attributes [l
I~ Copy Elemer Attributes .. |
[ Mirror Beta Angle

[~ Reverse Element Local

Werging Tolerance
aonly | Close )

Y Reflection Plane
Message Window ax
< | > | [FTATETFIL CommendMessage ), Analysis Message L |
For Help, press F1 Nore! | Ui, 0,0 G0,0,0 N <l = 2l plllnence] IR i T2 =

Fig. 14 Generating 3D Model
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Main Girder Cross Beam Generation

Clear Display for the element coordinate axes and then generate the crossbeams between the main
girders by the Extrude Element function, which creates line elements from nodes.

E Top View
gDisplay
Element> Local Axis (off)

Model / Elements / E Extrude Elements
ﬂ Select Identity - Nodes
Select Type >Material>2: Girder ; Nodes (on), Elements (on) J
ﬂ Unselect window (Nodes: A in Fig. 15)
Extrude Type>Node — Line Element
Element Attribute >Element Type>Beam
Material>4: CBeam_Girder
Section>4: CBeam_Girder
Generation Type>Translate
Translation>Equal Distance; dx, dy, dz (0, -15.6, 0)
Number of Times (1) J
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Stayed Backward\Cable Stayed B

i e Ede

uiew Model Load Mnslysis Resuts Design Mode Query Tooks Window Help - 8x

GridfSnap | UCSIGCS | view Co... [vation

PR =) B
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E
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t
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Apply Close

Messags Window ax
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[\_CommandMessage ), Analysis Message Ikl |
For Help, press FL Nonel Ui 165,92, -126.88,0  G:165.92,12666,0 |kN ~||m | | 4| »frence] IR =i [z =

Fig. 15 Main Girder Cross Beam Generation
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Tower Cross Beam Generation

Before generating the tower cross beams, we activate only the tower elements for effective
modeling.

g Front View
Q Select Single (A in Fig. 16)
E Activate

E51.Civil 2006-LAN - [C: 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward Construction] - [Model View]

i% Fle Edt Vew Moddl load Anabysis Hesubs Desin PMods Query Tools Window Help _E&x

{ Freque... | Gridfsnap, /GCS | View Co. .| Activation fzard | Node | Element | Property | BCiiass | Stage | Load | Moving | Settlement | Result | Influence Lines/Surfaces | Query

ENE g ) i@ AN E S GHME SR KB P J

iDEHE| EINEE G e R e - 5 - 2258 4

Trez venu 2X 45 Model view | b x|

Menu | Tables | Group | Warks

B Shucture Analysis

+ B Configuration

+ @ Geomety

+| % StalicLoads

+| b= Response Spectrum Analysis

+ Po Time Histor Analysis

+1 B3 Moving Load Analysis

+ TIT Settlement Analysis Data

+| & Composite S ection Analysic Data

+ [ Heat of Hydration Analysis Data

+1 B MaorLinear Analysis Data

+| [Pz Construction Stage Analysis Data

+ [ Results

+ il Design

+ & Query
-
-
t
]
&3
4
&

©
Message Windo 3 x
|
For Help, press F1 =iz 4o

Fig. 16 Selecting Tower Elements
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Generate the tower cross beams by the Create Element function.

y Iso View ﬂ Node Number (on) ﬂ Element Snap (off)

Model / Elements / m Create Elements
Element type>General Beam/Tapered Beam

Material>5
Section>5:

: CBeam_Pylon

CBeam_Pylon

Nodal Connectivity (142, 72) (145, 73) (144, 74) (147, 75)

O3 file Edt Vew Model load Anabsis Resubs Desion Mode Query Teos Window Help

i Freque.. | Grdfsnen | UCS/GeS | vew o,

d | Node  Element | Property | BCfMass | Stage | Load | Moving | Settlement | Result | Influence Lines/Surfaces | Query

LT T I GEHME R R RS J
iDEH 2 o SR[iTE ITHRK GO BY 56 AG] T =0 - [: 24 [6] 4 |
Tres Mery 2X 4G Model view | Px

Mode  Element | Boundary | Mass | Load

Blstart number
Mode Number fes .|
Element Nurber i [276 .

Element Type

General beam(Tapered beam =

z Ref.

Makerial
o, Name

s [sicoeanpon <] ..

Saction —

Ho, Mame:

[ = [ corampuon <] .|
Crientation —o—

+ Beta Angle " Ref, Poink

" Ref, ector

o | deg]
Nodal Connectivity —————=
142,72 [ Ortho
o —Y

Intersect: ¥ Node [ Eem ...
o

Apply Close.

(,;\) SRR E
A\ 74

’)

(4

&
g

e

Message indow

[\ Command Message ), Analysis Message

For Help, press F1

Horel  U: 61, 66,49, 0 G: 61, -66.49, 0

Fig. 17 Tower Cross Beam Generation
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Tower Bearing Generation

Create new nodes at the tower bearing locations by the Project Nodes function.

Model / Nodes / @ Project Nodes
Mode>Copy; Projection Type>Project nodes on a plane
QSelect Single (Nodes: 34, 137, 57, 139)
Base Plane Definition>P1 (145) " :P2(73) ; P3(75) " ; Direction>Normal
Merge Duplicate Nodes (on); Intersect Frame Elem. (on)

E%1.Civil 2006-LAN - [C:\Civil 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward Construction] - [Model View]

iy e Edt Yew bodel load dnabsis Resbs Deson Mode Query Took Window Help

+izard | Node et | P

R P 3

ty | BCiMass | Stage | Load | Moving | Settiement | Result | Influsnce Lines/Surfaces | Query,

Y gR " e J

IfSnap | UCS/GCS | Wiew Co...| Activation

1 3Ol

DEEI X 28R IR AR eI BY DR AG § wwws -4 B
Tres Menu 2% 478 Model view | P ﬁf’
Mode | Element | Boundary | Mass | Load )L/
Froject Hodes <] . =
Start Node Number [ B

143
Mode 12 a
& copy  move (5]
Projection Type ‘:&
Project nodes on a plane - E -3
L3
.
m &
N 41 L 4 ‘{_,
ol 2 4 A
|2 =
e Base &
YD, Pz 4 ' s &
Base Plane Defiition 2
P1 | 100, 9.11375, 24.01876  m 2

pz [100,9.11375, z4.008% m
p3 [320,-5.11375, z4.008% m

Direction -
@ Mormal " Direction Vector 60 Model View " -
i~ b t
I Divide 5 3
o o
= &
¥ Merge Duplicate Nodes z
[~ Copy Node Attributes
I Interseck Frame Elem.
dnply | close
14;::1
Message Window 2 x
The project will be ssved by t
5>
[T T\ Commana Message /i Frtysis Wessage Lo o
For Help, press FL Nonel | Us 163,45, -107.97,0 | G: 163.46,-107.8%,0 kN < lm v | & 4] 2l fnone =] 2l 12

Fig. 18 Tower Bearing Generation
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Generate nodes at the tower bearing locations using the Translate Nodes function to reflect the
bearing heights.

Model / Nodes / ﬂ Translate Nodes
2| Select Single (Nodes: 149 to 152)
Mode>Copy; Translation>Equal Distance
dx, dy, dz ( 0, 0, 0.27)

ivil 2006-1LAN - [C:\Civil 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward Construction] - [Model View]

i%6y Fle Edt View Model Load Anclysis Resubs Design Mode Query Took Window Hep o Ex
;' Freue.,, [ GrdfSnan | UCS/GCS | Wiaw Co.,, Ackivation | |; Wiard [ Efement | Property | BC/Mass | Stage | Losd | Moving | Settlement | Resuk | Influsncs LinesiSurfaces | Query
N5 Egrtr RO N TS R A |
iDs | Q'\Qlﬁ\iﬁé ER&@@@\W\%%&@\? - =

Tree enu 2X 4 % Model View | b

Node | Element | Boundary | Mass | Load b
&5 Model View [_[o]] -
Translate Hodes | 30 ®
Start Node Number ¢ [ | B
Hode N T
& copy £ Hove % @
Translation A
@ Equal Distance 5 % g £
de,dy,dz: 0,0, 0.27 " 5 B
Nurtber of Times = " 17155 “ ‘T/‘
y
 Unequal Distance 1 g E
Tx oy =
° ]
4 ) &
—
42 »
S 2 7
[ Mergs Duplicate Nodes [aad|
I~ Copy Mode Attributes [ad|
[ Intersect Frame Elements .|
-
apply | Close 3 -
b
G Model Vies :
T
tessage window 2 x
[Z1F DI, Commandivessage ) Analysis Message L« o
For Help, press F1 None! | U: 33425, -10.96,0 | i 334.25, 1096, 0 W ~llm =l s el rene] I 2

Fig. 19 Tower Bearing Location Generation
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Model the tower bearings using the element link elements.

Bearing properties are as follows:
SDx: 199,736,032 kN/m
SDy: 73,373 kN/m
SDz: 73,373 kN/m

Model / Boundaries / Elastic Link
ﬂ Zoom Window (A in Fig. 20)
Options>Add; Link Type>General Type
SDx (kN/m) (199736032); SDy (kN/m) (73373); SDz (kN/m) (73373)
@  Simultaneously  input Copy Elastic Link (on)>Axis>x; Distances (m) (220)
elastic link elements for 2 Nodes (151,155)43
both towers by entering 2 Nodes (149’153)@1

tower spacina of 220 m.

ivil 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward Construction] - [Model View]

fle Edit Wew Model Load Analyss Resuks Deson Mode Query Tools Window Help & x
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iDEME A 2 ERIBE LEHEAEANG BY D& 36 ¢ o - i8] 4]
Tree Menu 2% (47§ Model View | b
Node | Element | Boundary | Fass | Load
Elastic Link -] |

Boundary Group Name

Defaut: | 143 "

Options

& add ~ Delete
Elastic Link Data ] i
7]

z Ref.
( 7
1
L= 4
Y\MN 2

N1

Link Type ¢
& General Type (" Rigid Type

£ 9

€ Tensonly  C Compony 5 J\<
.,

s [1957360 ayfm
oy [73973
soz [73373 wyim

shx |0 I mfrad]
sy |0 I mfrad] o

sz [0 ke mffrad]

I Shear Spring Location
Distance Ratio From End 1
Dy Ee

Betadnge: |0 ~| [deq]
2Modes: | 151,155

¥ Copy Elastic Link
© Nodelnc. & Distance

& Model View

:
-
t
¥

|D

:
$ 40

A Gx Cy 2 S
Comes | o Message iindow px
(Example: 5,3, 45,3@5.0)
Apply Closz
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Fig. 20 Tower Bearing Generation
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

End Bearing Generation

Generate nodes at the end bearing locations using the Translate Nodes function.

E Activate All

Model / Nodes / ﬂ Translate Nodes
QSelect Single (Nodes: 76, 24, 135, 68)
Mode >Copy; Translation>Unequal Distance
Axis>z; Distance (m) (-4.5, -0.27)

E51.Civil 2006-LAN - [C: 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward Construction] - [Model View]

(03 Ble Edt Wew iModel Load Anasis Resubs Design Mode Query Teok Window Help -Bx

fzard Node ent | Property | BC/Mass | Stage Load Moving | Settlement | Result | InFuence Lines/Sufaces | Query
At ag (v )grO0r (A 9 [ 4 PR J
D@ 2 8RIBEICIEHEEIE BY D5 36 ¢ = P |

Tree Menu 2% 4Gy Model view | X
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-
Apply. Close -
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]
X
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Fig. 21 Generating Nodes at the End Bearing Locations
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

@ Generate the elastic
links simultaneously for the
right end. The distance
between the ends is 420-
3*2=414 m.

Model the end bearings using the element link elements.

Bearing properties are as follows:
SDx: 199,736,032 kN/m
SDy: 73,373 kN/m
SDz: 73,373 kN/m

Model / Boundaries / Elastic Link
ﬂ Zoom Window (A in Fig. 22)
Options>Add; Link Type>General Type
SDx (kN/m) (199736032); SDy (kN/m) (73373); SDz (kN/m) (73373)
Copy Elastic Link (on) > Axis>x; Distances (m) (414)
2 Nodes (159,163)
2 Nodes (157,161)

E51.Civil 2006-LAN - [C:\Civil 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward Construction] - [Model View]

{3 Fle Edt View Model Load dnalyss Resubs Desin Mode Query Took Window Help _ax
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Fig. 22 Generating End Pier Bearings
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Boundary Condition Input

Boundary conditions for the analytical model are as follows:
e Tower base, Pier base: Fixed condition (Dx, Dy, Dz, Rx, Ry, Rz)
o Connections between Main Girders and Bearings: Rigid Link (Dx, Dy, Dz, Rx, Ry, Rz)

Input boundary conditions for the tower and pier bases.

@ Front View

Model / Boundary / Supports

Select Window (Nodes: A, B, C, D in Fig. 23)

Boundary Group Name >Default
Options>Add; Support Type>D-ALL, R-ALL (on)

€51 Civil 2006-LAN - [

I 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward Construction *] - [Model View]

i1 Ble Edt Yew bodel load Anaysis Resubs Deson Made Query Tock Window Hel
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Fig. 23 Specifying Fixed Boundary Conditions for Tower and Pier Bases
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Connect the centroids of the main girders to the tower bearings using Rigid Link.

@ Iso View

Model / Boundary / Rigid Link
ﬂ Zoom Window (A in Fig. 24)
Boundary Group Name>Default; Options>Add
Copy Rigid Link (on); Axis>x; Distances (m) (220)
[ FigdBody | (hOF of Rigid Link=DX, DY, DZ, RX, RY, RZ)
Master Node number (155); @ Select Single (Node: 137) J
Master Node number (153); L Select Single (Node: 34)

Typical Type>

&%1.Civil 2006-LAN - [C:\Civil 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward Construction] - [Model View]
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Fig. 24 Connecting Main Girders and Tower Bearings using Rigid Link
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Connect the centroids of the main girders to the pier bearings using Rigid Link.

Model / Boundary / Rigid Link
ﬂ Zoom Window (A in Fig. 25)
Boundary Group Name >Default; Options>Add/Replace
Copy Rigid Link (on); Axis>x; Distances (m) (414)
Typical Type>__F8985% | (DOF of Rigid Link=DX, DY, DZ, RX, RY, RZ)
Master Node number (159); g Select Single (Node: 76)
Master Node number (157); g Select Single (Node: 24)

&%1.Civil 2006-LAN - [C:\Civil 700 Tutorials\Cable Stayed Backwar d\Cable Stayed Backward Construction] - [Model View]
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Fig. 25 Connecting Main Girders and Pier Bearings using Rigid Link
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Initial Cable Prestress Calculation

The initial cable prestress, which is balanced with dead loads, is introduced to improve section
forces in the main girders and towers, and 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.

Step 1 Cable-Stayed Bridge Modeling

-

Generate Load Conditions for Dead Loads for Main Girders and
Unit Pretension Loads for Cables

Step 2

-

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

Table 3. Flowchart for Initial Cable Prestress Calculation
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

¢ It may be more convenient
to use the MCT Command
Shell for the input of loading
conditions *STLDCASE>
INSERT DATA>RUN

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 20, as the bridge is a symmetric cable-stayed bridge, which has

20 cables on each side of each tower. Input loading conditions for each of the 20 cables.

Load / Static Load Cases

Name (SelfWeight); Type>Dead Load @
Description (Self Weight)

Name (Additional Load); Type>Dead Load

Description (Additional Load)

Name (Tension 1); Type>User Defined Load
Description (Cable1- UNIT PRETENSION) .

Name (Tension 20); Type>User Defined Load

Description (Cable20- UNIT PRETENSION) .!

Input the loading conditions repeatedly from Name (Tension 1) to Name (Tension 20).

Stalic Load Cases
MNarme [5elfweight Add
Typs [Dead Load D) =l Hodify
Descrptian: |l Weight Delete:
No Name Type Description IL

4 1|Selfvweight |Dead Load (D) Self Weight

2| Additional Lo/ Dead Load (D) Additional Load

3| Tension 1 User Defined Load (USER) |Cable1-UNIT PRETENSION

4| Tension 2 User Defined Load (USER) | Cable2-UNIT PRETENSION

5| Tension 3 User Defined Load (USER)  |Cable3-UNIT PRETENSION

G| Tengion 4 User Defined Load (USER)  |Cabled-UNIT PRETENSION

7|Tension5  |User Defined Load (USER) |Cable5-UNIT PRETENSION

8| Tension B User Defined Load (USER) | CableB-UNIT PRETENSION

9| Tension 7 User Defined Load (USER)  |Cable7-UNIT PRETENSION i

10]Tension B User Defined Load (USER)  |Cable8-UNIT PRETENSION

11 Tension 8 User Defined Load (USER) | CableS-UNIT PRETENSION

12|Tension 10 |User Defined Load (USER) |Cable10-UNIT PRETENSION

13| Tension 11 |User Defined Load (USER) |Cable11-UNIT PRETENSION

14|Tension 12 |User Defined Load (USER)  |Cable12-UNIT PRETENSION =
4| Seee— _»l_l

Clase

Fig. 26 Generation of Loading Conditions for Dead Loads and Unit Loads
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Loading Input

Input the self-weight, superimposed dead load for the main girders and unit loads for the cables.
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.

El Node Number (off)

Load / Self Weight
Load Case Name>SelfWeight
Load Group Name>Default
Self Weight Factor>Z (-1) J
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Fig. 27 Entering Self-Weight
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Specify superimposed dead loads for the main girders. Divide and load the superimposed dead
loads for the two main girders.

Input the superimposed dead load —18.289 kN/m, which is due to barriers, pavement, etc by the
Element Beam Loads function.

Load / Element Beam loads
@ Select identity - Elements
Select Type >Material >Girder J
Load Case Name >Additional Load; Options>Add

@  If the superimposed dead Load Type>Uniform Loads; Direction>Global Z
loads are applied to inclined
elements, true loads will be
applied reflecting the actual Value>Relative; x1 (0), x2 (1), w (-18.289)

element lengths.

Projection>Yes

. S—
@ Ele Edt Vew podel Load fnalss Resubs Design Mgde Query Iook Window Help -8
5nsp | UCS{GES | View Ca...| Ackvation| |} izard | Nack | Element iggerty | BC/Mass | Stage | Load | Maveg | Settement | Result | InFluence LnesfSurtaces | Query
gy rgpO ey (a)ia ook $1 8 § 8@ Ebs iR 3
T-TES ENE Y e IR (i Ypons ssieoiss o 24 [B] |
-LED 2% (47§t Model View | — P
e | Element | Boundary | Mass | Lead | 4
Select Identity X i
ement Beam Loads =] | = é
ST Al Nene Inverse Prev ®
ADDITIONAL LOAD o I Nodes ’7 ®
’ﬁm“w Home  Eements [ 41084 151t0194 B
Default - &
Options Selack Type ¢ L
@ add  Replce  © Delete aterial - P
Load Type - Delete c[f*
Unif Loads - 3 :PYLON -
i 4 :CBEAM_GIRDER Replace ~
" < CoEavpLON -
m Intersect @
Miar XYYV Y Ly, o [~ Mukple &
E Close ‘
Direction Global 2 - } ’
i
Projection:  C ves (& No

vaue
 Relative € Absalute -
i -
xt [0 w [15.288 3
w21

3 t
wt )
unk: ki -2
apply glose ‘{’
&

Message Windaw 2x

[\ Command Message ) Analysis Message 114 i
Help, press FL Momel | Uk 41053, 412.97, 0 G: 410,53, 412,97, 0 N =l[m =] ] 2l frone] BB Tz =

Fig. 28 Entering Superimposed Dead Loads to Main Girders
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Input a unit pretension load to each cable. For the case of a symmetric cable-stayed bridge, identical
initial cable 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.

g Front View

Load / Prestress Loads / Pretension Loads

B Select Intersect (Elements: A in Fig. 29)

R Select Intersect (Elements: B in Fig. 29)

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

Load Case Name>Tension 20; Load Group Name>Default
Options>Add; Pretension Load (1) J

§ Freque... | Gridfsnap | UCS/GES | Wiew Ca. .| Activation feard | Node | Element | Property | BCMass | Stage  Load | Moving | Settlement Jt | Influence Lines/Surfaces | Query

i B VR ﬁglmd;:lfﬂ@ﬂﬂ@lﬁ#\f”i T TR | e e B R
\é@\i'&:\&iﬁ@@\@?/l%%&@\? - & BT

Tree Meru 2% 4G model view | o B

Mode | Element | Boundary | Mass  Load |

Pretension Loads |

Load Case Mame
[TENSION 1 -
Load Graup Mame

Defaul: = ]|

Options
(% add (" Replace " Delete

Pretension Load
1 kn
Apply Closz

Bl &L=l

5 Model View =] (& Model View
-
-
L
1
=4
8
&
—

Message Window 2 x

[\ Command Message ), Analysis Message Il |
For Help, press F1 Wonel | U:0,0,0 60,00 N ~lm ] il 48] pllons] T2

Fig. 29 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 20 according
to Table 4.

Table 4. Loading Conditions and Element Numbers

Load Case Element No. Load Case Element No.

Tension 1 1,40, 111, 150 Tension 11 20, 21, 130, 131
Tension 2 2,39,112, 149 Tension 12 19,22,129,132
Tension 3 3,38,113, 148 Tension 13 18, 23,128,133
Tension 4 4,37,114, 147 Tension 14 17,24,127,134
Tension 5 5, 36, 115, 146 Tension 15 16, 25, 126, 135
Tension 6 6,35, 116, 145 Tension 16 15, 26, 125,136
Tension 7 7,34,117, 144 Tension 17 14,27,124,137
Tension 8 8,33,118, 143 Tension 18 13, 28, 123, 138
Tension 9 9,32,119, 142 Tension 19 12,29, 122, 139
Tension 10 10, 31, 120, 141 Tension 20 11, 30, 121, 140

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

€% Civil 2006-LAN - [C:\Civil 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward] - [Model View]

i me Bt Wew Model Load AnelysE Resuks Desn Mode Query Took Window Heb _8
/Snap | UICSIGCS | Yiew Co..| Activation| | £ Wizard | Node | Element | Property | BC/MMass | Stage  Load | Moving | Settlement | Resut | Influence LinesfSurfaces | Query
D Bwwd 1 EBATBE S S F TR 1o e U By b
\ BR[iE LERNAD 0B Y %5 @] { - - i=Ea)

Tres Meny 2% 47 modelview | B
Made | Element | Boundary | Mass | Load |

e —
Load Case hame
[esove ]
Load Group Name

Defa 3| [

Options
& Add (" Replace (" Delete

Pretension Load
1 K
apply Close.

B k& BAIPID S

=4 4|0

bR

Message Window n x

T[40 [T, Commana Wessage ), Analysis Message ILe i
For Holp, press F1 Nome! | L:0,0,0 G0,0,0 kN ~llm =] 4] el lrone] Wiz 2

Fig. 30 Unit Pretension Loads entered for Cables
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Perform Structural Analysis

Perform static analysis for self-weight, superimposed dead loads and unit pretension loads for the

cables.

Analysis / % Perform Analysis

Final Stage Analysis Results Review

Load Combination Generation

Create load combinations using the 20 loading conditions for cable unit pretension loading, self-

weights and superimposed dead loads.

Results / Combinations
General Tab
Load Combination List>Name>(LCB 1); Active>Active; Type>Add
LoadCase>SelfWeight (ST); Factor (1.0)
LoadCase>Additional Load (ST); Factor (1.0)
LoadCase>Tension 1(ST); Factor (1.0)

LoadCase>Tension 20(ST); Factor (1.0)

Repeat input for cable loading conditions from Tension 1(ST) to Tension 20 (ST).

ian | Conerete Design | SAC Desian|
L
| Mo [ Name | Active | Type | Description 4] LoadCase Factor |~

> 1|LCB1_ [Active | Add | ) | Seliwsight(S 1.0000

* | | | Additional Loa 1.0000
Tension 1(ST) 1.0000
Tension 2(5T) 1.0000
Tension 38 1.0000
Tension 4(3T) 1.0000
Tension 5(ST) 1.0000
Tension B(ST) 1.0000
Tension (8T 1.0000
Tension 8(ST) 1.0000
Tension 9(ST) 1.0000
Tension 10(5 1.0000
nnnnnn 1(E 1.0000
Tension 128 1.0000
Tension 13(S 1.0000
Tension 14(5 1.0000

= Tension 15(3 1.0000 | =
Copr | impot. | Auto G eneralion | Spiead Sheet Fom | Close

Fig. 31 Creating Load Combinations
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Unknown Load Factors Calculation

Calculate unknown load factors that 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 vertical deflection (Dz) 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 / Unknown Load Factor
Unknown Load Factor Group>m|
Item Name (Unknown); Load Comb>LCB 1
Object function type>Square; Sign of unknowns>Both
LCase>SelfWeight (off)
LCase>Additional Load (off)

Unknown Load Factor [ x|

Unknawn Load Factor Group

~
Add New I
Delete
Unknown Load Factor Detail

Item Mame: IUnknuwn Constraint:

Get Unknown Load Fac

Load Comb : ILEB‘I 'l
Object function type

’7(" Linear % Square MaxAbs
Sign of unknown Delete
~ Megative i+ Both " Positive

Unknown LCase Factor Weighted Facto «
1 [ Selfveight 1.000
2 [ Adclitional Loacd 1.000
3 v Tension 1 Urkniowen 1.
4 rd Tension 2 Unknowvn 1.4
& v Tension 3 Unknown 1.
. Tarmmime A [NENPERRE A i
41 | »
ok |

‘ Select Al |>UnselactAII | Cancel |
S —

Fig. 32 Unknown Load Factor Dialog Box
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% In this tutorial, we will apply
constraints to restrict the
vertical displacement of the
main girders. Because the
analytical model is symmetric,
we define only half of the main
girders with constraints. Use
Node 23 to Node 45 on the
left half of the bridge as
constraints.

The constraints for calculating
Unknown Load Factors can be
easily  entered by MCT
Command Shell *UNKCONS
> INSERT DATA >RUN

Specify the constraining conditions, which restrict the vertical displacement (Dz) of the main
girders by the Constraints function.

Constraints >M
Constraint Name (Node 23)
Constraint Type>Displacement
Node ID (23)
Component>Dz
Equality/Inequality Condition>Inequality; Upper Bound (0.01); Lower Bound (-0.01)
d4d
Constraints >%‘
Constraints Name (Node 24)
Constraints Type >Displacement
Node ID (24)
Component>Dz
Equality/Inequality Condition>Inequality; Upper Bound (0.01); Lower Bound (-0.01)
Jdd

Repeatedly input the remaining constraints from Node 25 to Node 45 of the main girder. Node 35 is
excluded because it was deleted by Merge Nodes.

B Unknown Load Factor Detail

Item Mame: | UNKNOWN Constraints

Load Comb:  |LCEL |

Ohject function type
’Vr' Linzar f* Square  { Max Abs

"Sign of unknowns

¢ Both " Positive ‘

£ Negative e ConstraintName ;| oEE

Constraint Type : Displacement L
Unknown LCase Factor Weighted F

1 I SELF WEIGHT 1.000 Nodelo: [z3

2 I ADDITIOMNAL LOAD

3 | Component

Il v ol oY & Dz

5 ﬂ Rz Ry " RZ

L3 |

~Equality/inequality Condition ————————————————————
QK I Can

Select Al I Unselect Al Get Unknown Load Factors |
 Equalty ¥ Upper Bound | 0.01
@ Tequaity | [ LowerBound  [0.01

Canel

Fig. 33 Constraint Dialog Box
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@  The explanations for
the calculation of
unknown load factors can
be found in “Solution for

Unknown Loads using
Optimization Technique”
in  Analysis for Civil
Structures.

We now check the constraints used

to calculate the initial cable prestresses and unknown load

factors in Unknown Load Factor Result.

Get Unknown Load Factars ! I

Unknown Load Factor Group>

Fig. 34 shows the analysis results for unknown load factors calculated by Unknown Load Factor.

UNKNCWMN
LCEL 5

Ttem Name:
Load Comb

Object function type

Constraints

Add Mew
Constraink

IModif
" Linear ¥ Sguare ™ Max Abs Bl
Sign of unknowns Dieleke
" Megative * Both " Positive
Unknown | LCase Factor | Weighted Facta »
1 r SELF WEIGHT 1.000
2 r ADDITIONAL LOAD 1.000
3 rd TEMSION 1 Unknovr 1
4 ™ TEMSION 2 Urkncer 1
5 I~ TEMSION 3 Uriknatn F
= — enim— . .
< ?
Select All | Unselecl Get LUnknown Load Factors Cancel

Bl Unknown Load Factor Result

GConstraint | MODE 33 | MODE 24 | NODE 25 | NODE 26 | MODE 27 | NODE 28 | NODE 28 | MODE 30 | HODE 31 | MODE 3z |
Factor Upper 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010
Lower -0.010 -0.010 -0.010 -0.010 -0.010 -0.010 -0.010 -0.010 -0.010 -0.010
alue 0.003 0.000 -0.002 -0.008 -0.010 -0.010 -0.010 -0.010 -0.010 -0.010
SELF 1.0l 0000606 -0.000000| -0.000628| -0.002198 -0.002125 -0.000588  0.001459 0002885 0003396 0.00Z677
ADDITIO 1.000 0.000000| -0.000440 -0.001471| -0.001333 -0.000179| 0.001358| 0.002598| 0003087 0.002808
Tensigh1 | 1101634 0.000000| -0.000004 -0.000017| -0.000026| -0.000031 | -0.0000371| -0.000027 | -0.000021| -0.000014
Tenflonz | 1050198 1026 -0.000027 | -0.000024| -0.000019| -0.000013
Telinn 3 919.012 Results for unknown load factors 1008 -0.000012| -0.000013| -0.000012| -0.000008
Tehsion 4 833660 010 0.000003| -0.000002| -0.000005| -0.000005
Tfnsion 5 TBE.465 0.000000| 0.000002 0.000010| 0.000018 0.000022 0.000017| 0.000009| 0.000003 -0.000001
Jersions T16.194 0.000000| 0.000002Z| 0.000008| 0.000016 0.000022| 0.000024| 0.000018| 0.000010| 0.000004
ension 7 571.956 0.000000| 0.000001 0.000005| 0.000010 0.000016 0000022 0.00002% 0000017 0.000008
ension & 612343 0.000000| 0.000000 0.000002| 0.000004 0.000008 0.000013| 0.000018| 0.000020| 0.000014
rension g 407.080 0.000000| -0.000000 -0.000000| 0.000000 0.000002 0.000005| 0.000010| 0.000014| 0.000018
ension10| 174782 -0.000000 | -0.000000| -0.000001 | -0.00000% -0.000002| -0.000000| 0000002 0.000006 0.000010
ension 11| 1151.787 0.000000| 0.000000 0.000001| 0.000002 0.000002 0.00000% 0.000002| 0.000002] 0.000001
ension1z| 1104.231 0.000000| -0.000000 -0.000000| 0.000000 0.000001 | 0.000001| 0.000001| 0.000001 0.000001
nsion 13|  956.337 0.000000| -0.000000 -0.000000| -0.000001  -0.000000 -0.000000 -0.000000| -0.000000| 0.000000
Tknsion 14| 846.766 0.000000| -0.000000 -0.000001| -0.000001 | -0.000001 | -0.000007 | -0.000001 | -0.000000| -0.000000
Tdpsionis|  Frz.sT 0.000000| -0.000000 -0.000001| -0.000001  -0.000001 | -0.0000071 | -0.000001 | -0.000000| -0.000000
TeNsion 16|  705.005 0.000000| -0.000000 -0.000000| -0.000001  -0.000001 | -0.000001 | -0.000000| -0.000000| -0.000000
Ten\on 17| 667.433 0.000000| -0.000000 -0.000000| -0.000000 -0.000000 -0.000000| -0.000000 -0.000000| -0.000000
539.521 0.000000| 0.000000 0.000000| 0.000000 0.000000 0.000000 0.000000| -0.000000) -0.000000
Tensiol 8| 472778 0.000000| 0.000000 0.000001| 0.000001 0.000001 | 0.000001 0.000001| 0.000000) -0.000001
Tension W[ 174660 0.000000 0.000000 0.000001| 0000002 0.000002 0.000002| 0.000001| 0.000000 -0.000001
< >
 Result & Influence Matrix Maks Load Combination | GenerateExcelFils [ ok ]

Fig. 34 Analysis Results for Unknown Load Factors
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We now check to see if the calculation results satisfy the constraints by generating a new loading
combination using the unknown load factors.

Influence Matrix (on)
Make Load Combination>Name>(LCB 2) J
Results>Combination

Load Combinations are shown in Fig. 35.

Load Combinations =1 B3
Genersl | Steel Desin | Concrete Design | SAE Desin|

i~ Load Combination List Loadcases and Factors————————————————

Mo | Name | Active| Type Description = LoadCase Factor |~
1|LCB1 Active | Add P | SelfWsight(S 1.0000
4 2|LCB2 Active | Add Additional Loa 1.0000
Tension 1(ST) 1101 6344
Tension 2(ST) 10560.1987
Tension 3(ST) 919.0119
Tension 4(ST) 633.66592
Tension 8(ST) 7874658
Tension B(ST) 718.1943
Tension 7(ST) 671.9566
Tension B(ST) 612.3436
Tension 9(ST) 407.0801

Tension 10(3 174.7822|_|
Tension 11(3 1151.7876
Tension 12(5 1104.2319
Tension 13(5 966.3378
Tension 14(5 846.7665

z Tension 15(5 F72.5720| =

Coov | impot. | AucGerewaton. | SpeadSheetFom | Close

Fig. 35 New Load Combination using Unknown Load Factors
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Deformed Shape Review

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

Tools / Unit System
Length>mm

Result / Deformations / ﬂ Deformed Shape
Load Cases/Combinations>CB:LCB 2
Components>DXYZ
Type of Display>Undeformed (on); Legend (on) ; Values (on)
Deform

@ If the default Deformation Scale Factor (0.3) @ o

Deformation  Scale al Zoom Window (A, B in Fig. 36)
Factor is too large,
we can adjust the
factor.

P%3 Bl Edt Wew Model Load Analysis Resuls Design Mode Query Iook indow Help -8

moard | Mode | Element | Property | BC[Mass | Stage | Load | Moving | Sebtlement Resu\l‘lr\ﬂuentaLmas/Squaces Query

RELREFYD I RY DLW J

Gridfonap | UCS/GES | Wiew Co. .| Activation

gt g0

DS SRIB%E LEEK @00 BY DR 16 ¢ - 8 -i- alal]
Tree venu ax |4 G Moddview | o B
Reactions | Deformaions | Forces | Stresses HIDAS /Civil "
sosT-rRocESSOR_ | £
Deformed Shape o] [=]| ororm |
Load Cases/Combinations RESULTANT B
e ==
T— SR —
nobE- 26 @
2 2 vpIRe 5. 1asEs000 |l
& -
NODE- 12 E
~ B
20TRe 1.02sEs001 | g
Components NODE- 46 a
cov oz -
Coxe Cov o coms.= 1. aLmso01 | £
el NODE- 13z @
SCALE FACTOR= &
Type of Display 4,445E+002
¥ | ¥ Undeformed E
[ values .| R Legend
[~ animate .| [ Mivored ..
r
o & Model View
=
Apply Clase
Eli=]
B
2:
g
v
[\ Commend Message ), Analysis Message Kl |
For Help, press F1 None! | U: 50153,33, -7800.078 G: 50153.33, -7800.078 (o [kN [ 42l plfron=] 1T T2

Fig. 36 Checking Deformed Shape
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Construction Stage Analysis

To design a cable-stayed bridge, its construction stages should be defined to check the stability
during construction. The structural system could change significantly based on the erection method.
And the change of system during construction can result in more critical condition for the structure
compared to the state of the final stage. As such, an accurate construction stage analysis should be
performed for designing a cable-stayed bridge to check the stability and to review stresses for the
structure.

The cable prestresses, which are introduced during the construction of a cable-stayed bridge, could
be calculated by backward analysis from the final stage. 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.
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Construction Stage Category

In construction stage analysis, we need to consider constantly changing structures, boundary
conditions and loading conditions, which are different in every stage. Using the final stage model,
we can then generate the structural systems for each construction stage. In this tutorial, we will
consider the stages from the construction stage, which represents completion of the towers and the
main girders of the side spans, to the construction stage, which applies loading for superimposed

dead loads.

The construction basics for the cable-stayed bridge in this tutorial are as follows:

) Towers

Large Block construction method

e Main Girders
Side Spans :
Center Span:
e C(Cables

Temporary Bents + Large Block method
Small Block method by Traveler Crane

Direct Lifting by Truck Crane

Side Span Girder Erection by Temp. Bents

—

Cable Tensioning and Additional
Girder Erection

Ir

Part of Center Span Girder Erection and Cable
Tensioning

Cable Tensioning and Additional
Girder Erection

Cable Tensioning and Additional
Girder Erection

Key Segment Installation and Applying
Superimposed Dead Load

Fig. 37 Construction Sequence for Analytical Model
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Cannibalization Stage Category

In this tutorial, 33 cannibalization stages are generated to simulate the changes of loading and
boundary conditions.

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

Table 5 Cannibalization Stage Category

Stage | Content Stage Content

cso FDi::é itjfg fﬁi";ﬁl %fr’:g;ess‘;‘)’erimposed €S 17 | Main Girder (6) removal
CS1 Superimposed Dead Load removal CS 18 Cable (15, 26) removal
cs2 iﬁgz;iﬁz‘l’fgrﬁ?g 5‘ IKI‘)’Y Segment CS19 | Cable (6, 35) removal
CS3 Cable (20, 21) removal CS 20 Main Girder (5) removal
CS 4 Cable (1,40) removal CS 21 Cable (14, 27) removal
CS5 Main Girder (10) removal CS 22 Cable (7, 34) removal
CS6 Cable (19, 22) removal CS 23 Main Girder (4) removal
CS7 Cable (2, 39) removal CS 24 Cable (13, 28) removal
CS8 Main Girder (9) removal CS 25 Cable (8, 33) removal
CS9 Cable (18, 23) removal CS 26 Main Girder (3) removal
CS 10 | Cable (3, 38) removal CS 27 Cable (12, 29) removal
CS 11 | Main Girder (8) removal CS 28 Cable (9, 32) removal
CS 12 | Cable (17, 24) removal CS 29 Main Girder (2) removal
CS 13 | Cable (4, 37) removal CS 30 Cable (11, 30) removal
CS 14 | Main Girder (7) removal CS 31 Cable (10, 31) removal
CS 15 | Cable (16, 25) removal CS 32 Main Girder (1) removal
CS 16 | Cable (5, 36) removal

* Cable (1) is outer cable and Cable (10) is inner cable in the left span.

* Cable (11, 30) are inner cables and Cable (20, 21) are outer cables in the center span.

* Cable (31) is inner cable and Cable (40) is outer cable in the right span.

* Elements representing the main girders in the center span are divided according to the cable spacing, and
the main girder (11) is a closure key segment.
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Backward Construction Stage Analysis

Construction stage analysis for a cable-stayed bridge can be classified into forward analysis and
backward analysis, based on the analysis sequence. Forward analysis reflects the real construction
sequence. Whereas backward analysis is performed from the state of the finally completed structure
for which an initial equilibrium state is determined, and the elements and loads are eliminated in

reverse sequence to the real 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 backward construction stage analysis is as shown in Fig. 38.

LMD [Professional] - [C /¥ ruction]
File Edt Yew Model Load Analysis Results Mode Query Tools Window Help

Cs 18 CS 32

(2426 45+ 2 OO ~a[[«+=+4 t DOOO0|

For Help. press F1 [Mode-T __Ui362 -8 541 [G: %2 78,547 ot =1Im =1 @en =170l =/ 2 =)

Fig. 38 Analysis Sequence by Backward 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.

File / Save As (Cable Stayed Backward Construction)

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

1. Input initial cable tension forces
Change the truss element used in the final stage analysis to cable element.
Input the unknown load factors calculated by the Unknown Load Factor function as the
initial cable prestress.

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.

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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Input Initial Cable Prestress

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 20. To input

the unknown load factors calculated by optimization technique as Pretension Loads, define a new
loading case for initial prestress.

Results / Combinations
Load Combination List>Name>LCB 1, LCB 2 _Delete
Load / Static Load Cases
Name (Tension 1) ~ Name (Tension 20) _Delete
Name (Pretension); Type > User Defined Load .

Static Load Cases
Memz - |Pratenslnr| Add
Typs [User Dafined Load (USER) =l Mlodify
Diescription : I Delete
No Name Type Description |L
1] SelfWeight |Dead Load (D) Self Weight
2| Additional Lo|Dead Load (D) Additional Load
» 3|Pretension  |User Defined Load (USER)
*
4| | o
Close

Fig. 39 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.

Tools / Unit System
Length>m A
Model / Elements / ﬂ Change Elements Parameters
@ Select identity - Elements
Select Type>Element Type>Truss
Parameter Type > Element Type (on)
Mode> From> Truss (on); To > Tension only/Hook/Cable
Cable (on) ; Pretension=0 .

[ =
s
%6y Fle Edt View Model Load Anclysis Resubs Design Mode Query Took Window Hep -

jSnap | UCS|GCS | View Co... Activation

g7 gPE 0

i Wizard | Node  Element | Property | BC/Mass Siage | Load | Moving | Setbement | Resut | InFluence Lnes/Surfaces | Query
e I o 0 G 8 A K P

LIRS 1802 LEHN AT G BY 2508 § {£ )0 o - [ 248 4 |
Tree Menu 2% |4 H Model view ‘ -~ %)
Mok Element | Boundary | Mass | Load ﬁ‘;
Select |dentit:
Elstart Number Al Hone Inwerse Prev P
nodetumber :+ [165 .
[~ Nodes a
Element tumber - [274 .|
I¥ Elements 1k040 111ko150 G
" Material 1D Elemert Typs - Add )
" Section ID s ~ RS ;‘{\
" Thickness 1D PLANE STRESS 3
~ PLATE Replace 3,
Element Local Axis PLANE STRAIN :.
' Element Type ALISYIMETRIC 9 Intersext &
" Reverse Element Local
o I Multiple E
¢~ Algn Element Local
Close
Mode
From: [iruss ~l
To ¢ |TensiononlyHook/Cable v
C Truss  © Hook (% Cable
Pretznsion v | |0 K -
-
+
Apply Close 4+
Q\
Message Window ax
T[]\ Commendessage A Analysis Message i
For Help, press F1 Nene! U:0,0,0 G000 kN ~llm =) ] el rence] I [z &

Fig. 40 Change of Truss Element to Cable Element
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Input the unknown load factors calculated by optimization technique to individual cable elements as
Pretension Loads.

The input method for Pretension Loads is the same as for inputting unit pretension loads for cable
elements.

Load / Prestress Loads / Pretension Loads
aq Zoom Window (A in Fig. 41)
R Select Intersect (Elements: A in Fig. 41)
Q! Zoom Window (B in Fig. 41)
R Select Intersect (Elements: B in Fig. 41)
Load Case Name > Pretension; Load Group Name > Default  Options > Add;
Pretension Load (1101.63) J

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

Table 6. Initial Prestress (Pretension Loading) calculated by Optimization Technique

Element No. Pretension Loading Element No. Pretension Loading
1, 40, 111, 150 1101.63 20, 21, 130, 131 1151.79
2,39, 112, 149 1050.20 19, 22, 129, 132 1104.23
3,38, 113, 148 919.01 18, 23,128, 133 966.34
4,37,114, 147 833.67 17, 24,127,134 846.77
5,36, 115, 146 787.47 16, 25, 126, 135 772.57
6, 35, 116, 145 718.19 15, 26, 125, 136 705.01
7,34,117, 144 671.96 14, 27,124,137 667.43
8,33, 118, 143 612.34 13, 28,123, 138 639.52
9,32,119, 142 407.08 12, 29,122,139 472.78
10, 31, 120, 141 174.78 11, 30, 121, 140 174.67
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

tayed Backwar d\Cable St Backward Constri

i{%3 Fle Edt View Model Load Analysis Resuks Design Mods Query Tooks Window Help @ x
GridfSnap | UCS/GCS | Wiew Co... Activation’ Wieard | Node | Element | Property | BCfMass | Stage Luad‘Muwng Settlement | Result | Influence Lines/Surfaces | Query

s gBE .1 B wed L BE LSS $ S F TR 1 | e e B
iDEdE| | SRi%E LK AAC R BY %5 A8 = & - i8] 4 |

Tree Menu 3% (4G Model View | o]
Mode | Element | Boundary | Mass  Load |

Pretension Loads |
Load Cass Name
PRETENSION =
Load Grop Name

Default = [

Options
% Add (" Replace (" Delete

Pretension Load

110163 o

Apply Close

&% Madel View &0 Model View [C[o1 ]

R R Al o A e s A A T

-
-
*
4

Hessage Window. 2x

[\ Command Viessage 1 Analysis Message IKI |
For Help, press FL Nonel | U:0,0,0 50,00 W =llm = ] fene] WSz 2

Fig. 41 Input Pretension Loading to Cable Elements
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Define Construction Stage

We now define each construction stage to perform backward construction stage analysis. First, we
assign each construction stage name in the Construction Stage dialog box. In this tutorial, we will
define total 33 construction stages including the final stage.

@  Define multiple construction .
stages  simultaneously by Load / Construction Stage Analysis Data / “‘1'1' Construction Stage

assigning numbers to a stage. Define Construction Stage Lleriziaiz

The generated construction @
stages will, thus, have having Stage>Name (CS); Suffix (0to32)
identi 1

identical names. Save Result>Stage (on) ©

LConstruction Stage

1) For generating analysis Construction Stage

results, the analysis results in Mame | Duation | Dale | Step [ Resut = Add .~ Stage
each construction stage are £s0 o 0 0 Slage Name [cs
Cs1 0 0 1] Stage
saved and subsequently 052 0 0 0 Stage Suffis [e32
enerated. £s3 0 0 o Stage — i [o = dapls)
g Cs4 0 0 0 Stage ™ Duration
Egg g g g g:age e — adlditional Step:
age Modify/Show
rs? 0 0 i Stage o 2090909090 == | _Deite |
Egg g g g g::a: Delete [ Example 1.3,7.14 ] Madify | Clear |
£s10 i i 0 Stage Sty Dy
rs11 il n n Stane Ao Generation———————
‘i f » Cloze |
Step Number m
Generate Steps I
Save Result
’7 ¥ Stage [~ Additional Steps

HIS I Cancel Apply |

Fig. 42 Construction Stage Dialog Box
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

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, we then assign relevant elements to the Structure

Group.

Group Tab

Group>Structure Group>New... (right-click mouse)

Name (SG); Suffix (0t032)

&dd

vil 2006-LAN -

700 Tutorials\Cabe Stayed Backwar d\Cable Stayed Backward Construction] - [Mode! View]

ljsnap | UCS/GCS | Wiew Co.

i{5 Fle Edt Vien Model load Analysis Results Design Mode Query Tools

Actrvation

Window  Help

§ “Wieard | Node | Element | Property | BC/Mass | Stage  Load | Moving | Settiement | Result | Influence Lines/Surfaces | Query

Tree Menu

Menu | Tables  Group | oy

Element=4]
Element=4]

Element=4]

R SG11 [ Node=4 ; Element=6]

R SG12 [ Node=0 ; Element=1]

[ER 5613 [ Node=0 ; Element=4]

[ER 5614 Node=4 ; Element=5]

{58 5615 Node=0 ; Element=4]
(58 SG16 [ Node=D0 ; Element=4]
R SG17 [ Node=4 ; Element-6]
[ER SG18 [ Node=0 ; Element=4]
FER 5613 Node=0 ; Element=4]
{58 5620 Node=4 ; Element=5]
(2R S621 [ Node=0 ; Element=4]
R 55622 Node=0 ; Element=1]
B 5623 [ Node=4 ; Element=6]
[EF 5624 [ Node=0 ; Element=4]
{58 5625 Node=0 ; Element=4]
(58 9628 [ Node=4 ; Element=6]
(R 5627 [ Node=0 ; Element=1]
58 5628 [ Nade=0 ; Element=4]
[EF 5623 Node=4 ; Element=61]
f5R 5630 [ Node=0 ; Element=4]
{28 $631 [ Node=D0 ; Element=4]
R 55632 Node=4 ; Element-6]

+1 by Boundary Group : 4

+I f LoadBioup: 3

3 Tendon Group: 0

Bews | SBMBIEE G 1°E FT R o | el By b
Wl A0 G EY D5 AG § - &

- i8]

%

Name : 5632

Suffix ; [oozz

(Example 1356 7 to 20 by 2)

add
Modify

Delete.

Delete Inv

Hessage Window.

B P dsw IO F Y

+=§ t |0

[\ Command Message ) Analysis Message

>

For Help, press F1L

Ik
Nonel | U: 42273, 771650 | G:422.73,77065,0 (kN wllm = &[] ¥ fnen=] 2] 12

Fig. 43 Defining Structure Group
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

@ Inactivate  previously
defined element groups
so that they do not
overlap with  another
element group.

Assign the elements, which become added/deleted in each construction stage, to each corresponding
Structure Group. The final stage is defined as the SGO Structure Group. We skip the construction
stage CS1 because CSI is a construction stage, which eliminates the superimposed dead load, and
as such there are no added/deleted elements involved.

@ Front View
Group > Structure Group

@ Select All
SGO (Drag & Drop)

Select Window (Elements: 62, 63, 172, 173,263 A in Fig. 45)
SG2 (Drag & Drop)
Inactivate ®

Define the Structure Group SG3 to SG32 by eliminating main girders and cables sequentially while
referring to Table 5 Cannibalization Stage Category.

€%1.Civil 2006-LAN - [C:\Civil 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward Construction] - [Model View]

(03 Ble Edt Wew iModel Load Anasis Resubs Design Mode Query Teok Window Help -Bx

i Freque... | Gridfsnap | UCS/GES | view Co. .| Activation izard | Node | Elerent | Property | BCfisss  Stage | Load | Moving | Settlement | Result | Influence Lines/Surfaces | Quen
i Freg fsnap d | Node | El perty a d q | Settl it | I : v

At LF SR = e S lE B R e J

DS | SRIISE IEK RO BY 25 A6 ¢ = BT

Tree Menu 2x (4 G Model view | bx|
Menu | Tables | Graup | Works

% Group
=1 R Stuchre Group : 33
R 5G0[Mode=162 ; Eler
[ER SG1[Node=0 :Elem
{58 5G2[Node=2 : Element=5 |
{ER 563 Mode: ment=4 |
R 564 Node:
R 565 Node:
[ER SGE [ Nods:

meni=61 Drag & Drop
ment=4 ]
{58 5G7 [Node=0 : Element=4 ]
{58 5GB [ Mode=4 : Element=5 |
B8 563 [ Mode=0 :Element=4 |
R SG10[ Mode=0; Element=4 |
[ER 5G11 [Node=4 : Element=6 |
FER SG12[Node=D : Element=4]
{58 5G13[Node=D : Element=4]
(58 5614 Node=4 ; Element=6 |
R SG15 [ Mode=0 ; Element=4 | A
R SG16[Node=0; Element=4 |
R SG17[Node=4 : Element=6 ]
{58 5G18 [ Node=D : Element=4]
B8 5613 Mode=0  Element=4 |
R SG20[ Mode=1 ; Element=6 |
R 5621 [Node=0  Element=4]
R 5G22[Node=0  Element=4]
fER 5623 Node=4 : Element=5 ]
(B8 5624 [ Node=0 Element=4 |
R 5625 Mode=0; Element=4 |
R 5626 [ Node=4 ; Element=6 ]
[ER 5627 [ Node=0  Element=4 |
fER 5628 Node=D : Element=4]
{58 5623 Node=4 : Element=5 ]
8 5630 Mode=0; Element=4 |
R 5631 [Node=0 ; Element=4]

B ldrw 20T Y

-
-
t
]

Xy

[ER 5G32 [ Node=4 : Element=6 | ®
+1 sy Boundary Group: 4 Q
+ % Load Group: 3
b Tendon Giroup : 0 Message indow 2 x

T[T [P\ Commenamessage ) Anatysis Message Le 5|
For Help, press F1 Norel  0:0,0,0 0,00 kN ~llm  ~] <4l pllrone] I T2 =

Fig. 44 Defining Structure Group SG2
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Assign the Structure Group, which is required to define the last stage (CS32) in backward
construction stage analysis.

Construction stage CS32 is the stage in which all the cable elements and main girders in the center
span are eliminated, and the temporary bents in the side spans are erected. Actually, this is the 1%
stage in the cable-stayed bridge construction.

Select Window (A in Fig. 45)
SG32 (Drag & Drop)
Inactivate

700 Tutorials\Cable Stayed Backward\Cable Stayed Backward Construction] - [Model View]

{3 Fle Edt View Model Load dnalyss Resubs Desin Mode Query Took Window Help

Freque... | 6ridfSnap | UCS/GCS | View Co...| Activation| |} wizard | Node | Element | Property | BCfMass | Stage | Load | Moving | Settlement | Resut | Influence Lines/Surfaces | Query
i B VR Base s BB R A J
iDEd| x| - SR %E LHENED® B DR AE T - B
Tree Meru 2% 4G model view | o B
Menu | Tables  Group | Warks L
25 Group f
-1 B Stucture Group : 33 B
(B8 SGO[ Mode=162 ; Element=273]
=0 =
5] ©
=41 @
=4 r
5] E
4] B
=41 d
6] “
[ER 563 [ Node=0 : Element=4 | ~
8 5610 [ Node=0 : Element=4 ] =
@
&l

8 SG11[Mode=4 ; Element=6 |

R 5612 [Node=0  Element=4]

R SG13[Node=0  Element=4]

fER 5G14 [ Node=4 : Element=5 ]

(B8 5615 Node=0 Element=4 |

R SG16 [ Mode=0; Element=4 |

£ 5G17 [Node=4 ; Element=6 | A A

R SG18[Node=D  Element=4] . .
{58 5G13 [ Node=D : Element=4]

(B8 5620 Node=4 ; Element=6 |

8 SG21 [ Mode=0 ; Element=4 |
R 5622 [ Node=0 Element=4]
R 5623 Node=4 : Element=6 ]
fER 5G24 [ Node=D : Element=4]
(B8 5625 Node=0 Element=4 |
B8 SG25 [ Mode=1 ; Element=6 |
R 5627 [Node=0 Element=4]
R 5628 Node=D  Element=4]
fER 5623 Node=4 : Element=5 ]
(B8 5630 Mode=0 Element=4 |
R SG3T [Mode=0; Element=4 |
R 5632 [ Node=4 ; Element=6 | @
-} aly Boura e Y
+ % Load Group: 3
i Tendon Gioup: 0 Message Window 2 x

«=} t |0

+
&

T[T [P\ Commena Wessase ) Analysis Message Le 5|
For Help, press F1 Nore!  U:0,0,0 0,00 kN wl[m =] & el fnonce] [ 0 iz =

Fig. 45 Defining Structure Group SG32
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Assign 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.

E Activate All

Group Tab

Group>Boundary Group>New... (right-click mouse)
Name (Fixed Support)

Name (Elastic Link)

Name (Bent) 4

Name (Rigid Link) 4

G Fle Edt View Model load Anoysis Resubs Desion Mode Query Tooks ‘indow Help _ax

fzard | Node | Element | Property | BCMass  Stage | Load | Moving | Settlement | Result | Influence Lines/surfaces | Query

LR e il = e A A c BB R A J

| S [2L Slal FOLN @ @ B BB A F - & B
X N

Tree Menu

Menu | Tables  Group | Warks

|25 Group

L
p:
e seieceB Define Boundary Growp | ®
=
e ELASTICL Name © RIGID LINK Ve
oy BENT Sufix B
s RIGID LINK &
+1 % LosdGroup: 3 (Exarple 13567 to 20by 21 E
b Tendon Group 0 e
add P
ModFy .
Delete ~
Delete Inv -
- @
s ; 3
-
-
t
)
@
<
&
Message Window 7 x
[\ Commend Message ), Analysis Message Kl |
For Help, press FL Nore! | Ui 37942, 1348L,0 | i a79.42, 154640 kN =|[m = @4 lllnence] 210 i 2 =

Fig. 46 Defining Boundary Group
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Reassign the fixed support, Elastic Link and Rigid Link conditions, which were already defined for
the final stage analysis, to Boundary Group for the construction stage analysis.

Group>Boundary Group
@ Select All
Fixed Support (Drag & Drop)
Select Boundary Type>Support (on)

@ Select All
Elastic Link (Drag & Drop)
Select Boundary Type>Elastic Link (on)

@ Select All

Rigid Link (Drag & Drop)
Select Boundary Type>Rigid Link (on) J

E51.Civil 2006-LAN - [C: 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward Construction] - [Model View]

Ebﬂ File Edit Yiew Model Load Analysis Results Design  Mode Query Tools ‘Window Help - 8x
§ Freque... | Gridfsnap | UCS/GES | Wiew Ca. .| Activation fzard | Node | Element | Property | BCfiMass  Stage | Load | Moving | Settlement | Result | Influence Lines/surfaces | Query
i b e = I |l AL A R A = e |
|1S8&iS % LERKNEIOBY D5 a6 § - & - | 4[] &
Tree Menu 5 Model Vi pox
odel view | -
Menu | Tables Group ¢
25 Group f
+ B Structure Gy Select Boundary Type =] B
=1y Bounday Drag & Drop [CI5uppott B
she FIXED SUPPORT [ IPoint Spring Support
s ELASTICLINK =l e IGeneral Spring Support =
[|General Spring Support
A BENT CIElastic Link @
A RIGID LINK [IMorlinear Link )
+1 4 Losd Grovp: 3 [JBeam End Relzase p -
5 Tendsn Group: 0 [JEcam End Dffset P
[ IPlate End Release &
Rigid Link !
[JElement Canvection Boundary EE:Z?;E;“?;;ﬁ.“;:tig"”da” “
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@
4l
==
[ ok ] cemsl | [Select Boundary Type 3|t [ ok ] Cancel .
ISuppart
IPaint Spiing Support
[IGeneral Sping Support
Elastic Link =
CIHoniinzar Link -
IEeam End Relsase L
IBeam End Difset
Plate End elsase t
[ )
JElement Convection Boundary
IFresciibed Temperalure Qe
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+
&
ol
Message Window o x
TA[A[FTFI\ Commendwessage ), Analysis Message L ol
For Help, press F1 Norel | U: 379,42, 134,81, 0 | G 379.92,13481,0 [kN =||m | @] 4| 2] 2|0 iz =

Fig. 47 Generating Fixed Support, Elastic Link and Rigid Link Conditions
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

We also assign the boundary condition for the temporary bents to a Boundary Group. We will input
the boundary condition as hinge condition (Dx, Dy, Dz, Rz) at the centers of the side spans.

y Iso View

Model / Boundary / Supports
Y| Select Identity- Node (Nodes: 86, 29, 130, 63) .1
Boundary Group Name >Bent
Options>Add
Support Type>D-ALL (on); Rz (on)

Civil 2006-LAN - [C:ACivil 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward Construction] - [Model View]

Ele Edi Yew Hodel Load Analysis Resubs Design Mode Query ook Window Help _a
idjSnap | UCS/GCS | Wiew Co...| Activation £

e rmd D

d | Hode | Element | Property | BC/Mass | Stage | Load | Moving | Settiement | Result | Influence LinesfSurfaces | Query

TSN Y AvE Al Y e— |

DEHE| X |&RiE%E SEHEMEEOIBY B aB] § wosn =), - es[g] A
Tree Menu 2X 475 Model view | S—— =)
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T
Boundary Group Name:
Default - J
optons

 Add (" Replace (" Delete

Support Type (Local Direction)

B PdsspadIF@ kY

z
T Ry Dy ¥
. 134 Dx
2 S
Dz X
R DAl

I -

™ R-ALL

Rx [ Ry [ Rz
Apply Cose -
-
1
¥
e
<
%

Messags Window ax

[T[F [T, Commandessage J, Analysis Message TLe o
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Fig. 48 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 backward construction stage analysis are
self-weight, superimposed dead load and initial cable prestress. First, we generate the name of each
Load Group and then assign corresponding loading conditions to each Load Group.

Group Tab
Group>Load Group> New... (right-click mouse)
Name (SelfWeight) J
Name (Additional Load) J
Name (Pretension Load) J

i3 Ble Edt Mew podel load Analysis Resuts Design Mode Query Iook Window  Help -

i Freque. ‘Gwd/Sr\ap UCS/GCS | View Co...| Activation Wizard | Mode | Element | Property | BC[Mass | Stage lnad‘an’\g Settlemert | Result | Influence LinesfSurfaces | Query

DEwed IRELTSE S P ST T e 1P e b B e

OB 258 ¢ - L e
Tree Menu bx|
Weru | Tables  Group | Works Lo
Group Define Load Group. [ %
+ R Stucture Group: 3 5
i t Boundary Group 4 Hame PRETEMSION LOAD &)
Suffix 5}
(Example 1356 7t020 by 2) 5]
% PRETENSION 4
24 Tendon Group: 0 add =
Modify ?
Delete ‘t\
3
Delete Inv |
o
Close @
&

:
-
*
¥

£tz

Message Window 2 x

[A1F1FT Commandiessage b Analysis Message

Ll | i
For Help, press F1 Mone! | Ui 361,12, 677,70, 0 | G: 36112, 67774, 0 |[kN ~llm | 4 42| 2 [rone=] [FIWT =1 2
Fig. 49 Defining Load Group

55



FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

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

Model / Load / Self Weight
Load Case Name>SelfWeight
Load Group Name>SelfWeight

Operation >M

1G5 e Edt Vew iodel losd Analsis Resuks Desion Mods Query Took Window el _a
Element | Property | BC/Mass | Stage  Load | Moving | Settlement | Result | Influence Lines/Surfaces | Query

: gLt PgRE S Wb E@BASTEE ST TR I | e s B R

iIDEME 2 \é&\?%\iﬁzk@@@\@?fl%%?ﬂ@\? - B

Tres Meru 2X 4 G Model view | =

Mode | Element | Boundary | Mass Lnad‘

5elF weight |
Load Case Name
SELF WEIGHT -
Load Group Neme:
SELF weTeHT -

Self uieight Factor

Hauz,
" g

s

Y

O —
z o

BB 4= F@ %

[lomcase % [v [2 [rap
SELFWEIGHT 0 0 -1 SELFWE =
-
-
< | & t
s ]
Q
close &
&

Message Window o x

T[T [P\ Commena Wessase ) Analysis Message Le 5|
For Help, press F1 Norel | U:100.04, 37271, 0 | G 100.04,37271,0 |kN =||m ] @] 4| 2llfonc=] 2|0 iz =

Fig. 50 Modifying Load Group for Self-Weight
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Reassign the superimposed dead load and initial cable prestress, which were defined for the final

stage analysis, to Load Group.

@ Select All

Group > Load Group
Additional Load (Drag & Drop)
Select Load Type>Beam Loads (on)

@ Select All

Group > Load Group
Pretension Load (Drag & Drop)

Select Load Type>Pretension Loads (on)

20061 AN - [C:\Civil 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward Construction *] - [Model View]
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Fig. 51 Defining Load Group for Superimposed Dead Load and Initial Cable Prestress



FINAL AND CONSTRUCTION STAGE ANALYSIS 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 the final stage (CS0) to Construction Stage as the
1* stage in backward analysis.

Load / Construction Stage Analysis Data / | Fi Define Construction Stage
cso _Modify/Show |
Save Result>Stage (on)
Element tab>Group List > SGO; Activation> A
Boundary tab>Group List > Fixed Support, Elastic Link, Rigid Link
Support / Spring Position>Original
Activation>___#dd

Load tab> Group List>SelfWeight, Additional Load, Pretension

Activation> il o

Compose Construction Stage

Stag Addtional Steps

Name :©  |CSO L Add Delete
=| Modify Clear

Duration 0 = daly [ Example: 1.3.7.74 ]

Auta Generation

StepMumber : [0 =
Generate Steps

Element | Boun{a

- Aectivation - Deacti

Group List

Save Result
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SctiveDap:  [Fist 7| dayfs] Inactive Day First || dapls)

Current Stage Information...

Group List Group List
Joundary | Load | Name [ Day [ Name IGE [
Selfweight First
) | - Activation - Deactivation Addlionsl Load ~ First
Gople - | Pretension Load  First
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Fig. 52 Defining Elements, Boundary Conditions and Loads for Construction Stage CS0
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Define Construction Stage for each construction stage from CS1 to CS32 using Table 5
Cannibalization Stage Category as follows:

cs1 Modify /Show |

Save Result>Stage (on)
Load tab> Group List> Additional Load

Deactivation>___#48 d

cS2 Modify /Show |

Save Result>Stage (on)
Element tab>Group List > SG2; Deactivation>
Element Force Redistribution> 100%

Boundary tab>Group List > Bent; Support / Spring Position>Original
Add |

Add

Activation>

CS3 to Cs32 Mediy/Show |

Save Result>Stage (on)
Element tab>Group List > SG3 to SG32; Deactivation>
Element Force Redistribution> 100%

Add
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Input Construction Stage Analysis Data

Analysis / Construction Stage Analysis Control

Final Stage>Last Stage (on)

Analysis Option>Include Time Dependent Effect (off)

ntrol Data

" Okher Stage

Final Stage
’V ¥ Last Stage

(50 - ‘

~Anakysis Option

I Indude Nonlingar Analysis
¢ Independent Stage
I~ Include Equilibrium Element Modsl Forces

¢ Accumulative Stage

I Include Time Dependent Effeck

Monlinear Analysis
Number of Load Steps : 1
Maximum Mumber of Iterations/ Load Step : 30 =i
Convergence Criteria I~ Eneray tarm ; 0.01
¥ | Displacement farm ¢ 0.01
I~ Force Morm ¢ 0.01

"Cable-Pretens\on Foree Contral

~Time Dependent Effect
¥ Creep & Shrinkage

@ Internal Force " External Force

% Creep & Shrinkage

Type
’7  Creep = Shrinkage:

’—Frame Cutput

f* add  Replace ‘
I~ Caleulate Concurrent Forces of Frame

I Calculate Output of Each Part of Compasite Section

Creep
"Cunvergante for Creep Iteration

Number of terations: |5 — Tolerance : [0

™ only User's Creep Cosfficient
I Internal Time Step For Creep

J

Load Cases to be Distinguished From Dead Load For C.5. Qutput

=] | [Loadcase | dd
Delete

|Bead Load of Wearing Surfaces anc -]

Load Case:  [sELF WEIGHT

Load Type For €5, (Erection Load) :

¥ fiuto Time Step Generation for Large Time Gap
[ 7 Time Gap e [z F otem [5 Convert Final Stage Member Forces to Initial Forces for Post €5,
Trw00 [7 = Tesa [0 = I¥ Truss ¥ Beam
T> 10000 [0 I Initial Tangent Displacement For Erected Structures
F Tendon Tension Loss Effect { Creen & Shrinkage ) Al £ Graup 560 =2
[~ Consider Re-Bar Confinement Effect ™ Lach-of-Fit Force Control GO ~
¥ Variation of Comp, Strength Zonsider Stress Decrease at Lead Length Zone by Post-tension
™ Tendon Tension Loss Effect { Elastic Shorsning ) (% Linzar Interpalation € Constant § Stress *

Beam Section Property Changes
[ ' Constant @ Change with Tendon |

I~ save Qutput of Current Stage(Beam/Truss)
Cancel I

I[ ok ]

Remove Construction Stage Analysis Contral Data

Fig. 53 Construction Stage Analysis Control Data Dialog Box

Perform Structural Analysis

Perform construction stage analysis for self-weight, superimposed dead load and initial cable

prestress.

Analysis / % Perform Analysis




FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Review Construction Stage Analysis Results

[ If the Stage Toolbar
is active, the analysis
results can be easily
monitored in the Model
View by selecting
construction stages
using the arrow keys
on the keyboard.

@ If the default
Deformation ~ Scale
Factor is too large,
we can adjust the
Scale Factor.

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 the main girders and towers for each construction stage.

Stage Toolbar>CS 5 (A in Fig. 54) ®
Result / Deformations / ﬂ Deformed Shape

Load Cases/Combinations>CS:Summation ; Step>Last Step

Components>DXYZ; Type of Display>Undeformed (on); Legend (on)

Deform
Deformation Scale Factor (0.5) Y

A = 51|
Design Mot “Query Teok window Help _ a8
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Reactions  Deformations | Forces | Stresses WIDAS/Civil ¢
T a— Deformation Details _rost-rrocessor_ | &
Deformed Shape # SEFORIET SHAIE ®
Load Cases{Cambinations Deformation Scale Factor: | 0.500000 p—— B
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= T - . ot s.c1000z B
& Nodeloetorn R P
3 I~ Resl Displacement (Auto-Sczle OFF) vo1Re 3.0018-003 |
& M I Relaive Dislacement mEs 1 2
5 §
Rl W Z-DIR- 2.716E-001 | gh
re— Concel e 3
DX 3
e com. - 2760 | &
wooe= a8
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sz mere | 2
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[ Values e W Legend .|
I Animate . [ Mitored L.
™ Current Step Displ.
=
=2
3
= cose
ey | smiczicss |-
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Fig. 54 Deformed Shape for Each Construction Stage from Backward Analysis
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Review Bending Moments

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

Stage Toolbar>CS 7
Result / Forces / ™ Beam Diagrams
Load Cases/Combinations>CS:Summation ; Step>Last Step
Components>My
Display Options>5 Points; Line Fill ; Scale>(1.0000)
Type of Display>Contour (on); Deform (off), Legend (on)

01 Ble Edt Wew Model Load Analyss Resubs Desgn Mode Query Toos Window Help

jSnap | UCS/GCS | View Co...| Activation| |3

Wiz vty | BC[Mass Stage‘lnad Meving | Settlement | Result | Influsnce LinesfSurfaces | Query

g0 D AR Y A R J
iD= E BR[s% IHETRE 0 BY hE e ¢ - 5 - alg]
Tree Menu X g ‘)ri Model Yiew ‘ Bx
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eos-srorzssIR
T I
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Fig. 55 Bending Moment Diagram for Each Construction Stage from Backward Analysis
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Review Axial Forces

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

Stage Toolbar>CS 15

Result / Forces / @ Truss Forces
Load Cases/Combinations>CS:Summation ; Step>Last Step
Force Filter>All; Type of Display>Legend (on) J

il 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward Construction] - [Model View]

Ble Edt Vew Model Load @nalysic Hesubs Design Mode Query ook Window Help

Freque... | Gridfsnap | UCS/GCS | Wiew Co...| Activation| |1 1 ty | BCIMass Stage [ Load | Maving | Settlement | Result | Influsnce Lines/Surfaces | Query
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Fig. 56 Axial Forces for Each Construction Stage from Backward Analysis
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Construction Stage Analysis Graphs

We will review deformed shapes of the main girders and towers for each construction stage using
construction stage analysis graphs. For each construction stage, we review horizontal displacements
for the towers and vertical displacements for the main girders at the % point location of a side span.

Status Bar > kN, mm
Result / Stage/Step History Graph
Define Function>Displacement>

Displacement>Name (Horizontal Disp.); Node Number (1); Components>DX J
Add Mew Function

Add Mew Function

Define Function>Displacement>
Displacement>Name (Vertical Disp.); Node Number (27); Components>DZ
Mode>Multi Func.; Step Option>Last Step; X-Axis>Stage/Step

Check Functions to Plot>Horizontal Disp. (on), Vertical Disp. (on)

Load Cases/Combinations>Summation
Graph Title (Horizontal & Vertical Displacements for each CS), _ Graph |

€51 Civill 2006 LAN - [C:\Civil 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward Construction *] - [Stage History Graph]
=

%) Ble Edt Vew Model Load Analysis Resubs Desion Mode Query Tools window Help - &x
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Fig. 57 History Graph of Deformed Shape for Each Consiriction Stage
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Review the variation of cable prestress by using the Step History Graph function. Check the
variation of cable tension forces for each construction stage for inner cables in the tower area from
the final stage (CSO0) to the last stage (CS32) in construction stage analysis.

Result / Stage/Step History Graph
Define Function>Truss Force/Stress>__£90 Mew Funciion
Truss Force/Stress>Name (Cable 10); Element No (10); Force (on); Point>I- Node
Define Function>Truss Force/Stress >__f99 Mew Function
Truss Force/Stress>Name (Cable 11); Element No (11); Force (on); Point>I- Node
Mode>Multi Func.; Step Option>Last Step; X-Axis>Stage/Step
Check Functions to Plot>Cable 10 (on), Cable 11 (on)
Load Cases/Combinations>Summation
Graph Title (Variation of Cable Tension for each CS) ﬂl

vil 2006-LAN - [C:\Civil 700 Tutorials\Cable Stayed Backward\Cable Stayed Backward Construction] - [Stage History Graph]
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Fig. 58 Cable Tension Force Variation Graph for Each Construction Stage
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Review the variation in the bending moments for the main girders and towers by using the Step
History Graph function. Review the variation of bending moments for each construction stage for
the lower part of the tower and % point location of the main girder in a side span.

Status Bar > kN, m

Result / Stage/Step History Graph
Define Function>Beam Force/Stress,
Beam Force / Stress>Name (Moment of Girder); Element No (45); Force (on)

Add Mew Function

Point>I- Node; Components>Moment-y

Define Function>Beam Force/Stress, -4 New Functian

Beam Force / Stress>Name (Moment of Tower); Element No (108); Force (on)

Point>1- Node; Components>Moment-y .
Mode>Multi Func.; Step Option>Last Step; X-Axis>Stage/Step
Check Functions to Plot>Moment of Girder (on), Moment of Tower (on)
Load Cases/Combinations>Summation
Graph Title (Bending Moment for each CS), ﬂl
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Fig. 59 Bending Moment Variation Graph for Each Construction Stage
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