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Final and Construction Stage Analysis for
a Cable-Stayed Bridge
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ADVANCED APPLICATIONS

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 spanand 100 m side spans. Fig. 1 below shows the bridge layout.

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+100m =420 m

Bridge Width B = 15.6 m (2 lanes)

Lanes 2 lane structure

S0 m

£
-
2@3 +8@10+14=100 m | 14+9@10 + 12+ 9@10 +14=220 m | 14+ 8@10 + 2@3 =100 m
420m
Fig. 2 General layout
156 m
Loadlng :I 3.7m
16.3 m
» Self-weight: Automatically calculated within the program Troom
» Additional dead load: pavement, railing and parapets —
» Initial cable prestress forces: Cable prestress forces that satisfy
initial equilibrium stateat the final stage %8.0m

24.0m

19.6 m

Fig. 3 Tower layout
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Working Condition Setting

To perform the final stage analysis for the cable-stayed bridge, open a new file and save it as
‘Cable Stayed 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.

Click on Ef -5 New Project
H save (MSS)

LNIT

Tools/ % UnitSystem
Unit
System

Length>m; Force (Mass)>kN (ton)
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Fig. 4 Assign Working Condition and Unit System
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Definition of Material and Section Properties

Input material properties for the cables, main girders, towers, cross beams between the main
girders and tower cross beams. Click __ 24 |putton under Material tab in Properties dialog

box.

Properties / Material Properties

Material ID (1); Name (Cable); Typeof Design>User Defined;
User Defined>Standard >None; Type of M aterial>Isotropic;

Analysis Data>M odulus of Elasticity (1.9613e8);Poisson’s Ratio (0.3)
Weight Density (77.09) J

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 P Weight Density
D ame (kN/mz) olsson’s Ratlo (kN/mg)
1 Cable 1.9613x10° 0.3 77.09
2 Girder 1.9995x10° 0.3 77.09
3 Pylon 2.78x107 0.2 23.56
4 CBeam_Girder 1.9613x10° 0.3 77.09
5 CBeam_Pylon 2.78x10" 0.2 23.56
(Daa ==
B - [EE
Properties @
Material |Sechon | Thickness |
1D [ Mame [ Type [ standard DB Add...
1 CABLE User Def, T
2 GIRDER User Def, i
§ G e et [[== ]
5 CBEAM_PY... User Def. Copy
Import
Renumber
L e
Close e 3
= |y |

Fig. 5 Defined Material Properties
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Input section properties for the cables, main girders, towers (pylons), cross beams between the
main girders and tower cross beams. Click __ 4 |pytton under Section tab in Properties

dialog b

OX.

Properties / Section

Section
Properties

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
Section . Area Ixx lyy lzz
ame 2 4 4 4
ID (m°) (m%) (m") (m”%)
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 Section (==
Material Section |Th|d<ness| S| e
sectond |1 olid Rectangle -
(o] | MName ‘Ty'pe | Shape | Add... ) ‘. sekdRectand J
1 CABLE Value SB = Name | CABLE R Built-Up Section
2 GIRDER Value B
3 PYLON Value B Delete =
4 CBEAM_GIRDER val 5B =lze
5 CeEAMPYLON e = (*‘ﬁ
B | o0o0000(m |
Import H Section Properties
L Cale_Section Properties
Renumber Area 5.20000-003 [ m?
Asy 0.000006+000 | m?
Asz 0.000006+000 | m*
b 0.000006+000 | m*4
Iy 0.00000e+000 | m*4
lzz 0.000005+000 | m*4
Cyp 0.0000 [m
Cym 0.0000 [ m
Cep 0.0000 | m
Czm 0.0000 |m
Qyb 0.0000 | m?
Close Qzb 0.0000 | m*
PerilO | 0.00000s+000 |m o
[V Consider Shear Deformation.
Offset: Center-Center
Change Offset ...
| oK Cancel

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.

amic - @vewronss (1 3 'k - |t .
e [BAES 22 A A D
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T E R | B
B Nt N Tie Verticaly
Oy N ) | B st
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A0 G B 5

2T, A o e 1
T, Cormmeaen Soge Ay | e Londe
- 4 St

goes

L] Sue LoadCane 1[SELF WEGHT SEL5 WEK

S Lowd Caes ZACOTIONAL LDAD. KDL
St Losd Cae S PRETENSION : PRETENSK

Hi=@0a@ 08 €2 n

[

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.

M odeling 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 intoa 3D M odel

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

©oOo~NR~WONE

e
[
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2D Model Generation

MIDAS/Civil provides a Cable-Stayed Bridge Wizard function that can automatically generate
a 2D cable-stayed bridge model based on basic structural dimensions of the bridge. Input basic
structural dimensions of the cable-stayed bridge in the Cable-Stayed Bridge Wizard as follows.

@ Using the Cable Stayed Bridge
Wizard function, a 2D model can
be generated automatically
based on material and section

oo
B

properties of the cables, main Goo . . wd o~ .
girders and towers. @ Front View Pointhd (off) =ta PcilntGrld Snap (off)
>4 Line Grid Snap (off) ENode Snap (on) /Elements Snap (on)

) (Y
& If Truss is selected as the element Structure / £ Cable Stayed Bridge

ty pe for cables, truss elements are Type>Symmetric Bridge

generated; and if Cable is . . .

s " iy X)) 5 2 (25) 5 B>X (m)(100)  Z(m) (90
generate equivalent truss elements Height>H1 (m) (90)

for flinear anaysis and elastc M aterial>Cable>1:Cable ; Deck>2:Girder ; Tower>3:Pylon

catenary cable elements for

Section>Cable>1:Cable ; Deck>2:Girder ; Tower>3:Pylon
Select Cable & Hanger Element Type>Truss @
Input vertical slopes as 5% for [e)
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
s Y:f““‘ Is continuous 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

nonlinear analy sis.

°

°

If Drawing in View option is

selected, the 2D model shape,
which will be generated based

Cable Stayed Bridge Wizard =]
on the input dimensions, can be Nade Coardnates & Heights = vt = P—
viewed in the wizard window. = &+ Symmetric Bridge Cable [T [rcame = [t [uceee =l
€ Asymmetric Bridge Deck [z [z erom = [z [2crom ~|
X(m) Z(m) Tower [3 [spnon BB EED ~|
a o [ Select Cable Element Type |(* Truss  |( Tension Only{Cable)
g [0 [e8 | [ Distance from Deck to Tower [~ Shape of Deck

_ _ Dist(m) Dist(m) LeftSope(%) |0
= ” ':‘ Gt [o G [0 Arc Length(m) 0
¥ ¢ “ e [o Ga [0 RightSope(%) [0

Hifm) H2(m) Cable Distances & Heights

e R — Distance(m) Height(m)

Left [3,8@10, 14 [12 3215, 302, 2023, %5
Center [ 14,9810, 12, 9€10, 14 [

[~ Depth of Deck (H3)

i3] B Right | [
=
B Cc
! . Tower—— ; r
2’;" Height Cable Cable Height fz View option
: i  Bitmap
H1 T H2 £ Drawing
| ==t
Hiz A G2 Deck [T, T D
1z 1z 12
Bistance |+ Distance . [‘)‘i}slan‘t‘:}H
Left ksl Center bl Right | Ok ‘

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.

' Node Number (on) @ Front View
No¥
Node/Element / 7 “Merge Nodes
Merge
Merge>All
Tolerance (0.001)
Remove Merged Nodes (on) 4

P
g
H
#8008 08 «ai o560

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.

=l Right iew &l auto Fitting <" Node Number (off)
3

Node/Element / & Translate Nodes
Transhte
[ad Select Window (Nodes: A in Fig. 10)

Mode>Move; Translation>Equal Distance; dx, dy,dz (0,-2,0) 4

EEIEY: ® CIREREY: GF BT

A

Before Execution O

Fig. 10 Arrangement of Inclined Towers

13
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@ Detailed explanation for Beta

Angle can be found in
“Tutorial for 3D Simple 2-Bay
Frame” or “Truss Element”
parts in “Types of Elements
and Important Considerations”
in “Analy sis for Civil
Structures”.

14

Note that the local coordinate system of the inclined tower elements is changed with the
movement 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 -90°.% By changing the Beta Angle of the tower elements to -90°,

we also make the local element coordinate systems of the upper and lower tower elements
coincide for the ease of reviewing analysis results.

L] Display
Element>Local Axis (on)

o
Node/Element / T Change Element Parameters
Change
Parameters

View> “x -Select> :k Intersect Line Select Intersect (Elements: Ain Fig. 11)
Parameter Type> Element Local Axis (on)> Beta Angle
Beta Angle (Deg) (-90)

Craate Transity O Marg
0088

FOO8 108 £l fes o0

%, _,,-' A Before Execution
G .

£\ Hodel View] 3

Fig. 11 Local Element Axis Transformation for Tower Elements
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To generate the tower cross beams, divide the tower elements in the Z-axis direction by Divide
Elements.

Node/ Element / ':}{ Divide Elements
Divide

(7] Select Previous
Divide>Element type>Frame; Unequal Distance

x (m) (10, 36) J
\N L
2 1 o] f Xpde % Bymomen oy 08
[ 5 M Grotate ¥ H Hapmesh Zn v
S Modes | Cute | Toesats B e ntemct i1 ) Cnge  Bements
P Table | Eements | g paameters  Table
| Ements |
m =5 1455 1% [l [ O 47 40150 B BB " Ly FEESPEIA DO EE M FS
1 ms Ik :
e — §
B i
R | H
demntmnber: [0 .| % g
" i ]
Elment Tipe. I @
[ = ]
 Flanar -
G isterce 4 &
& Uraqulosance L2 d
" Pasebic Lnsqua Distns I L4
 Pudeltrang
_ Divide by Node |‘ g
= [0% " @
= S I ]
2 a
(e 53,45, 385.0) @
c &
© Mege bk tods L. =
1
sy | gem ' Ll
B
&
]
4\ Hodel View, v
>
[ <[0T commend wessags { araves Wessace

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
widthis 15.600 m.

!
Node/Element / & Translate
Translate
® Select All
Mode>Move; Translation>Equal Distance; dx, dy,dz (0,-7.8,0)

y @ — ar Wty Kok & Byhboren gy 68
2y N W =
s = 1K K oo 3 B CH

| Tnasts Doude Ohide Merge hiwset T = Cangs  Eaments
5 1N 1y e 2| Baameters  Tabi

Eaments |

201G B (8| ' 1to34 262057 50+ 1tod10 CEESPNIE ODCEE LR

ViR 7.8m
I g
a,
: ; I ¢
| 0
@
¥ | - s

[5 =]

o | .
oy | g | A
- 3
I (]

IThe project will be saved by the auo-save faatare.

>
[ 4155 1, Comemane Message s Uevssze

oo B R ol E=H )

Fig. 13 Moving 2D Model —7.8 min 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.

Node /Element / {1\ Miror Mirror Elements
&) setect Al
M ode>Copy
Reflection>z-x plane (m) (0 )
Copy Element Attributes (on) ; Mirror Beta Angle (on)

[ = X

] g ¥g¥ X Deste 7| . oD y Ty ¢ Ny Xoeete & Srawmen v o
FARE R Pl - RN - R I | B QTP G- Feus Bl ool
Ousts | Toedats e Mgt 3 £ bods | Gute ' Tomste Exde Obide Mere hiased Change  Ebmerts
‘Erments. 1
53 SEFESDEIA DG EE N A
I
H I
i
i
H
| = .
% a
= | a
& copy o 1 &
Refeckn . =
e ] ]
Crpaez [T =
© rapir e [ 4
[rpr— i -4
Il -
i h &
I | e
romdveenet : [T 3 &
Sectn Inremers T 3 . B
PR i 1 g
Pt [ e [~ B | e I 4 8
oo | A
7 CopySlenartambutes .| - =
% e B e 4
™ Reverse Semet Loc | =]
Mgy o
= =Y | l
(e B
] Reflection Plane

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.

B Top View
L] Display
Element> Local Axis (off)

Node/Element / T:lj: Extrude Elements
E:-:t-rud-e
"% Select Identity - Nodes
Select Type>Material, Nodes (on), Elements (off)
Select Type>2: Girder, Add
= 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)

18
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B¢ X peete o Mmor % o ] » 2 \‘,\ X pete 7 [Ba Auto-mesh E\" :‘Jl

- )
19

| e e a2 B [ 80 S 9 e A B L BRI e iy
exe Tandate Dide Mege % wodes | ouate a e Marge Inters A ange
Nodes £ project §" "ok | cements 1N |y imor 21 Paramatars  Table
Modes I Eemants 1
i EEITRHE® FE i f\”lm - "% IEESCE A AR s B
Hi: s =1 hi

Elstartturoer
N |
Sementtumber:  [B6 .

Extude Tyoe
e > ura Bomars E
s r

I Revese1)

Sement st

BerertTioe: [oeam =]

==

Betadge: [0 <] [pedl

AU =E@GEI06 €02 0se o0

duydr [0.-156.0 n
tumberoftmes: [1 2]

Fig. 15 Main Girder Cross Beam Generation
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Tower Cross Beam Generation

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

E Front View
L} Select Single (Ain Fig. 16)
12l Activate

T

L] - | Aewe e W

=]

8 0H €% 48 HE LS

fthe progect will be saved by ch

[]5 15 | Commans wessage f oy ies

Fig. 16 Selecting Tower Elements
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Generate the tower cross beams by the Create Element function.

@ Iso View ' Node Number (on)/-") Element Snap (off)

Node/Element / " Create Elements
Create
Elements

Element type>General Beam/Tapered Beam

Material>5: CBeam_Pylon

Section>5: CBeam_Pylon

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

N N A

B o
] L I
Dt omee R roe eote o e et o et | ety
Nies Tabie  Elernents | Ll Parameters  Table
o~ e ~ |
CRIEETIRS () EERE L O NMEE

Bepde

2N
guwﬁghu(u,g)Ju - 0, 2

Fig. 17 Tower Cross Beam Generation
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Tower Bearing Generation

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

Node/Element / 5 Projact
M ode>Copy; Projection Type>Project nodes on a plane
¥ Select 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)

RN

= (]
Toedate B OWde Merge Fmesect

@
hange  Eemeers
Paamatens Table

EEments

- S EE= RIS C
IR & Model View 1 =

S M odel View [_TO1]

R =E0008 08 ¢+ 008

Fig. 18 Tower Bearing Generation
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Generate nodes at the tower bearing locations using the Translate Nodes function to reflect the
bearing heights.

Node/Element / @ Translate
Transhte

v Select Single (Nodes: 149 to 152)
M ode>Copy; Translation>Equal Distance
dx, dy,dz (0,0, 0.27) -

L=l T

s 17 5|2 X H W
T oweos omte . Toeste BOude Dite Mes Mesect ounge  Eements
Tabe | Eorants | 1 Paramators  Tabk
e 1
B YV T T
G Model View H=

130

¥ Marga Cusicate Hodes
T Co Mode Atrutes
I sy ame Serers

e | g |

e =@E0H8I08 €28

e
4, Model View

Fig. 19 Tower Bearing Location Generation
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M odel 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
Boundary / Etastic Elastic Link
Link

& Zoom Window (Ain 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)JEj
both towers by entering B
2 Nodes (149,153)

tower snacina of 220 m.

3
. ','L:'ﬁ'."rﬂ.’ﬂ e Il L NEN-SY o]

Fig. 20 Tower Bearing Generation
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End Bearing Generation

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

v Activate All
@
e
Node/Element / - Translate...

w Select Single (Nodes: 76,24, 135,68)
M ode>Copy; Translation>Unequal Distance
Axis>z; Distance (m) (-4.5,-0.27) A

BERTER -

&

X paete %

v Grtte ¥ women L

v e 2 e
11\ Mo Parameters  Table

|

Pl
BFTEE @ TR

Tres Menu

&

Fig. 21 Generating Nodes at the End Bearing Locations
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ADVANCED APPLICATIONS

M odel 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

Boundary / B’WU Elastic Link

Elastic
Link

1 7oom Window (Ain Fig. 22)
Options>Add; Link Type>General Type

SDx (kN/m) (199736032); SDy (kN/m) (73373); SDz (kN/m) (73373)

@ Generate the elastic links Copy Elastic Link (on) > Axis>x; Distances (m) (414)9
simultaneously for the right B
end. The distance between 2 Nodes (159’163)
the ends is 420-3*2= 414 2 Nodes (157,161)
m.

enl Speng
¥ T intergral e (M }}1’\
itk Batx -

=] T Effecte Weth g

=% | [ panel2oow Efects 3 Defne Labsl O
S eanknd punent ntary
Offets fakase | o Node Local Ao Tabies *
Be | Tables |

CHE=PAIA HeCuEr A B

5 Model View

oo AchH

ERCEY:

[8]

FIRIEY - T-T-T"-]

e s T s s

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

e

Define
Supparts

[al Select Window (Nodes: A, B, C, D in Fig. 23)
Boundary Group Name>Default
Options>Add; Support Type>D-ALL, R-ALL (on)

Boundary / Supports

ul L e Unear Constrants T Effectve Width
b @S

;’E [-D'Hl o o B B e recs o e

ol Geerd | BemEnd Bemmind Pt |

Lk Unkc | Rekm O deess | O N0 LoalaE

§ A b Generd Somg ©
3 Ny & T M
o

620

== !

A D

Fig. 23 Specifying Fixed Boundary Conditions for Tower and Pier Bases
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Connect the centroids of the main girders to the tower bearings using Rigid Link.

5i| Iso View

Boundary / Rigid RigidLink
Link
o Zoom Window (A in Fig. 24)
Boundary Group Name>Default; Options>Add
Copy Rigid Link (on); Axis>x; Distances (m) (220)
Typical Type> (DOF ofRigid Link>DX, DY, DZ, RX, RY, RZ)
M aster Node number (155); * Select Single (Node: 137)
M aster Node number (153); L) Select Single (Node: 34)

SumEnd BamEnd PROEd w0 S T gounday
R  Ofes  peesse o Nodlocl e Tabs *

RebasefOfet | Bo Tabks |
- HESPEA

CAWEREYREICE £ Y]

k'lh‘l\?‘ﬂ:[r.x‘

il

Fig. 24 Connecting Main Girders and Tower Bearings using Rigid Link
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Connect the centroids of the main girders tothe pier bearings using Rigid Link.

Boundary / :'2: Rigid Link
Rigid
Link
Zoom Window (A in Fig. 25)
Boundary Group Name>Default; Options>Add/Replace
Copy Rigid Link (on); Axis>x; Distances (m) (414)
(DOF of Rigid Link>DX, DY, DZ, RX, RY, RZ)
L} Select Single (Node: 76)
Select Single (Node: 24)

Typical Type>
Master Node number (159);
Master Node number (157);

View Structure  Node/Element  Properties |GNNULEWE Load Analyss Resuts PSC  Pushover Design Query Tools

 } g % General Spring ~ | (], o @ EH Linear Constraints TI" Effective Width g
@ %74 L. Intergral Bridge 2 :;: ’] l = h- [ Panel Zone Effects @' Define Label Dir 5
St NG

Defne | Pont Surface gAoeneral | BeamEnd BeamEnd Phte End | g oo oundary
Supports | Spring  Spring Lnk Lok Lk ~ Release  Offsets  Release ' l002loc Tables ~
Supports | Spring Supports | Gink | Release/Offset | Misc. | Tables |

CEEITHE®IBEHDLS ® K s

2 x
| Base Ll

Rigid Link

e

Boundary Group Name
Defaut o [
Options

© Add Delete
Master Node
Master Node Number: 159

DOF of Rigid Link

Slave
Nodes Rigd Body:
VDX ¥DY Ve

o |0 IR
Yz

Yode [Fane 7
‘/ \ »|vDx vDY vgz‘

¥DX @DV @DZ
“RX WRY [@AZ
Typical Types
Rigid Body Plang x-Y
Plane ¥-2 Plane %2

oy Rigid Link
s ex 0y
Distances: (414 m
Example © 5,3, 45, 3@5.0)

z

R e 0 |

(

H0>E0606I00: %R l;l@

Tree Menu [REESZUE

/

Node-89 U: 100, 7.8.74.6

[\ Command Message £ _Analysis Wessage

Fig. 25 Connecting Main Girders and Pier Bearings using Rigid Link

Ll |
W [wdm [w] 4 dc » [nonlw ] 2| T2/ 2
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ADVANCED APPLICATIONS

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 M odeling

-

Step 2 Generate Load Conditions for Dead Loads for Main Girders and
Unit Pretension Loads for Cables

-

Step 3 Input Dead Loads and Unit Loads

-

Step 4 Load Combinations for Dead Loads and Unit Loads

-

Calculate unknown load factors using the Unknown Load Factor

Step 5 function

-

Step 6 Review Analysis Results and Calculate Initial Prestresses

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

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 Loads |/ Static Load Cases

Static Load
Cases
Name (SelfWeight); Type>Dead Load @
& It may be more cornvenient to Description (Self Weight) J
use the MCT Command Shell
for the input of loading Name (Additional Load); Type>Dead Load
conditions *STLDCASE> o
INSERT DATA>RUN Description (Additional Load) .1

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).

Static Load Cases ==
Name : | SELF WEIGHT Add
Case ¢ [allLoadcase | Modify
Type ¢ |Dead Load (0) | Delete |

Description ;| SELF WEIGHT

No Name Type Description
Dead Load (D) SELF WEIGHT
ADDITIONA | Dead Load (D) ADDITIONAL LOAD
TENSION 1 | User Defined Load (USER) | TENSION 1
TENSION 2 | User Defined Load (USER) | TENSION 2
TENSION 3 | User Defined Load (USER) | TENSION 3
TENSION 4 | User Defined Load (USER) | TENSION 4
TENSION 5 | User Defined Load (USER) | TENSION 5
TENSION 6 | User Defined Load (USER) | TENSION 6
TENSION 7 | User Defined Load (USER) | TENSION 7
TENSION 8 | User Defined Load (USER) | TENSION 8
TENSION 9 | User Defined Load (USER) | TENSION 8
TENSION 10| User Defined Load (USER) | TENSION 10
TENSION 11| User Defined Load (USER) | TENSION 11
TENSION 12| User Defined Load (USER) | TENSION 12

m

oo || | | fw|ra =

w

=]

>

o

=

a

. m 3

Close

Fig. 26 Generation of Loading Conditions for Dead Loads and Unit Loads
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Loading Input

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

' Node Number (off)

Load / (@ static Loads |/ () Self weight Self Weight
Load Case Name>SelfWeight
Load Group Name>Default
Self Weight Factor>Z (-1)

B ¢

Osaion] (0 sommc Doeenes| g G w WodalBody Force | [T Gt | Flpressetoads = el orcs -
%) Temp restres (=) Constructon Stage (%) Load Tables " O hodilMasses  Mine | [ s presure | () Assgn Fuor Loads ©
Moweqloed (2 Hest of ydaton SncLoed SOOUEC 2| cpecte Dipl 14 Lowds toMames | L Tiial | & Asin P Loats *
Loat Trpe: | e Load cases. ‘SuCture Luads | Massss. | Beamioad | pressuse Liad ooy |
o EREITEHE®SIFEHIRS S i S HEES PRI HACEE N B

a
.
¢
¥
[
O
13 %
sicas 11 [1 ]2 [ooe B
B
1
oo =l
| ity | poer




FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

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 / (&) static Loads|/ [Tl Flement Element Beam loads
¥ Select identity - Elements
Select Type>Material>Girder
Load Case Name>Additional Load; Options>Add

& If the superimposed dead Load Type>Uniform Loads; Direction>Global Z

loads are applied to inclined Projection>Yes
elements, true loads will be

applied reflecting the actual Value>Relative; x1 (0), x2 (1), w (-18.289)

element lengths.

| bamion | presue Lond IntaiForcesete. |
EEEE N T LI

gop

~@008 0@ €28

EIIE

e g T

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.

& Front View
Load / @ Temp./Prestress|/ = pretension Loads Pretension Loads

View/ %~ /3| mtersect Line Select Intersect (Elements: A in Fig. 29)

View/ “y - /5K | Intersect Line  S€lect Intersect (Elements: B in Fig. 29)
Load Case Name>Tension 1; Load Group Name>Default
Options>Add; Pretension Load (1) 4

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

Sesmic 7 settimensie. -] c c ¢ FsmemTew. B
< ke g : §
g SacLad Usngload | Bement Tero. Biamsectkn
S Giar  Corbrators | Tam. Gadant  Teem Fopety Profin_Prestass
Load Type | ooeate Load Cases Terrpenture Loids.
= ERITHE®IE ]SS ®] T - BESPRIA HA0EEIS LBA

Hi b

‘R

Fal=]

5 Model View [ [o[-]

FIRIE £ EEIR R YN

Fig. 29 Entering Unit Pretension Load to Cables



FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Input the unit pretension loads for all the cables repeatedly from Tension 2 to Tension 20
according to Table 4.

Table 4. Loading Conditionsand 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.

et Popertes Bouncary [ B s Resks S « Desgn Quey T
Static Loats Samc 7 SettimentEtc T i c g FosemTem. g
& e ] e &p o & & g
[ e prestes] © consucon sge raaaraons = WD R L
i Usiglud | Eement Temp. Beam Secton en

el Fefein Cuns  Gombnatens | Temg, Godent Temp. P

oad Tipe e Lo Cases |
T EETHEC BN G® Bie
B ‘R

W= E@EEEICR €258 B

1, Model View]

o>
T3]3 1, Commanc essage |
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ADVANCED APPLICATIONS

Perform Structural Analysis

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

Ej
Analysis/ peorm Perform Analysis
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 / E’ Combinations
Combination
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) J

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

Losd Combinations = o |

General | Sieel Design | Concrete Design | SRC Desin |
2 Combinaton Ust Load Cases anc Factors

No | Name [ Active | Type | Description
> 1 Activ__| Add [
2|LCB2 |Acth |Add |
* |

LoadCase | Factor
1.0000

ADOTION |
TENSION
TENSION | 10000
TENSION | 1.0000
TENSION | 1.0000 |
TENSION 1.0000
TENSION 1.0000
TENSION | 1.0000

10000
1.0000

TENSION 1.0000

TENSION | 1.0000
TENSION | 10000
TENSION 1.0000
TENSION | 1.0000
TENSION 1.0000
TENSION 10000
TENSION | 10000
TENSION 1.0000
TENSION | 10000
TENSION 1.0000
TENSION | 10000
TENSION 1000 -
cooy Ingert.. Auto Generaten... SoresdSheetFarm Copyint Stes Desn -
Fetame:  [CiVmers bhek Das ek ok ool 12V 17 Sromee Make Load Combination Sheet e |

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/ ¥ cable Control ~ /| unknown Lead Factor...  Unknown Load Factor
Unknown Load Factor Group>  Addtew |
Item Name (Unknown); Load Comb>LCB 1
Object function type>Square; Sign of unknowns>Both

Select Al
LCase>SelfWeight (off)
LCase>Additional Load (off)
Unknown Load Factor @
Unknown Load Factor Group

Delet 1 Unknow tor Detail [=]
Tem Name: Constraints
[ NODE 23 .
_od (] e 2| BE =
[V NODE 25 £
Object function type [ NODE 26 Modify
(" Linear (¥ Square (" Max Abs [ NODE 27
[ NODE 28 Delete
Sign of [ NODE 25
Cregfe G oBotr (Yoot [£1100E 0 g | TELS
Unknown LCase Factor Weighted Factor | ~
1 C SELF WEIGHT 1.000 =
2 r ADDTIONAL LOAD 1.000
3 v TENSION 1 Unknown 1.00
4 v TENSION 2 Unknown 1.00
] v TENSION 3 Unknown 1.00
6 v TENSION ¢ Unknown 100] _
[ Simultaneous Equations Method
Select Al | Unselect Al Get Unknown Load Factors oK Cancel

Fig. 32 Unknown Load Factor Dialog Box
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Specify the constraining conditions, which restrict the vertical displacement (Dz) of the main
girders by the Constraints function.

Constraints>__#%__|

Constraint Name (Node 23)

@ In this tutorial, we will apply Constraint Type>Displacement
constraints to restrict the [e)
vertical displacement of the Node ID (23)

main girders. Because the Component>Dz

analy tical model is symmetric, : ; e [PRgn . _
we define only haf o the main Equality/Inequality Condition>Inequality; Upper Bound (0.01); Lower Bound (-0.01)

girders with constraints. Use Jdd
Node 23 to Node 45 on the Constraints>___Add

lce;;strr]:i:ts(.j the bridge as 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.

@ The constraints for calculating
Unknown Load Factors can be 5| Unknown Load Facter Detail
easily entered by MCT

. UMKMNOWN Constraints
Command Shell  *UNKCONS Ttem Name: | T
3
> INSERT DATA >RUN Load Comb : ILCBl LI MINODE 24
FINODE 25
Object function type MMNODE 26
’7(" Linear % Sguare (" Max Abs [NODE 27
EMNODE 28
Sign of unknowns :ggg il?
’7 " Negative {* Both i Positive | wILAnE 2
Unk Load Facter Censtraint =)
Unknown LCase Factor T —
1 r SELF WEIGHT 1.00g| Corstmntieme: T
2 r ADDTIONAL LOAD 1.000| ConstrantType:  [Displacement 5|
3
4 g Node ID : |23
5 Iv| o
f R (ol & Fz
[~ simultaneous Equations Method o mx Cwr Mz

Select All | Unselect Al Get Unknown Load Factors I a

~Equality/Inequality Condition

* Equality | UpperBound  [0.01
@ Inequality ¥ Lower Bound  |-0.01

Cancel

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.

Unknown Load Factor Group>

Get Unknown Load Factors |

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

Unknown

I UNEMOWN

Constrainks

Select Al | Lnsele

Item Marme:
Add New |
Load Comb ¢ ILCBl - TR
Ohject Function bype —
. Modify
" Linear i+ Square (" Max abs
Sign of unknowns Delete
" Megative * Both " Positive b
Unknown LCase Factor Weighted Facto ~
1 SELF WEIGHT 1.000
2 ADDITIOMAL LOAD B
3
4
2 v
< R4

Get Unknown Load Factors

Cancel

& Unknown Load Factor Result

" Result

Constraint | NODE 23 [ NODE 24 [ NODE 25 | NODE 26 | NODE 27 | NODE 28 | NODE 29 | NODE 30 | NODE31 |
gDID:L 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010
/\ ;‘?Wﬁ[‘ -0.010 -0.010 -0.010 -0.010 -0.010 -0.010 -0.010 -0.010 -0.010
4 ‘\ value 0.003 0.000 -0.002 -0.008 -0.010 -0.010 -0.010 -0.010 -0.010
/ SELF WEIGHT \1.000 0.0 0.000504 | 0.002162 | 0.002754

ADDITIONAL LOAD \.uuu 0.0! Results forunknown load factors 0.000782 | 0.002094 | 0.002709 | |"
TENSION 1 1102Y52 0.000004 | 0.000000 | -0.000004 | -0.000016 | -0.000026 | -0.000030 | -0.000030 | -0.000026 | -0.000020
TENSION 2 1051 .\su 0.000002 | 0.000000 | -0.000002 | -0.000012 | -0.000020 | -0.000025 | -0.000026 | -0.000023 | -0.000018
TENSION 3 920.2p3 | -0.000001 | 0.000000 | 0.000001 | 0.000002 | -0.000002 | -0.000008 | -0.000012 | -0.000013 | -0.000012
TENSION 4 g31.647 | -0.000002 | 0.000000 | 0.000002| 0.000008 | 0.000014| 0.000010| 0.000003 | -0.000002 | -0.000005
TENSION 5 784.047 | -0.000002 | 0.000000 | 0.000002| 0.000011| 0.000018| 0.000022| 0000017 | 0.000009 | 0.000003
TENSION & 712.5(3 | -0.000002 | 0.000000 | 0.000002| 0.000008 | 0.000016| 0.000022| 0.000024| 0.000012 | 0.000010
TENSION 7 868.6f¢1 [ -0.000001 | 0.000000 | 0.000001 | 0.000005| 0.000010| 0.000016| 0.000022 | 0.000023 | 0.000017
TENSION 8 aog.l-w -0.000000 | 0.000000 | 0.000000 | 0.000002| 0.000004| 0.000008| 0.000013 | 0.000018 | 0.000020
TENSION 9 401795 0.000000 | 0.000000 | -0.000000 | -0.000000 | 0.000000 | 0.000002 | 0.000005| 0.000009 | 0.000014
TENSION 10 1#.300 0.000000 | -0.000000 | -0.000000 | -0.000001 | -0.000002 | -0.000002 | -0.000000 | 0.000002 | 0.000006
TENSION 11 /53.130 -0.000000 | 0.000000 | 0.000000 | 0.000001| 0.000002| 0.000002| 0.000002 | 0.000002 | 0.000002

Y 1105954 | 0.000000 | 0.000000 | -0.000000 | 0.000000 | 0.000000| 0000001 [ 0.000001 | 0.000001] 0.000001] -

TENSION 12
NS S

T

TS

@ Influence Matrix

Meke Load Combination | GenerateExclFie | K

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) .
Results>Combination

Load Combinations are shown in Fig. 35.

Load Combinations = 2
General .‘Steel Design | Concrete Desian | SRC Design |
Load Combination List Load Cases and Factors

No Name | Active Type Description o LoadCase Factor i
3 1 Activ Add 3 1.0000
2|LCB2 Activ Add ADDITION 1.0000
* | | TENSION 1.0000
TENSION 1.0000
TENSION 1.0000
TENSION 1.0000
TENSION 1.0000
TENSION 1.0000
TENSION 1.0000

- TENSION 1.0000 E
1 TENSION 1.0000
TENSION 1.0000
TENSION 1.0000
TENSION 1.0000
TENSION 1.0000
TENSION 1.0000
TENSION 1.0000
TENSION 1.0000
TENSION 1.0000
TENSION 1.0000
- TENSION 1.0000

4 m ’ TENSION 1.0000 =2

Copy \ Import... Auto Generation... Spread Sheet Form Copy into \ [steelDesion =]
File Name: | C:\Users\Abhishek Das\DesktonlworklCivi 2012 v2.1r __ Browse Make Load Combination sheet | Close |

Fig. 35 New Load Combination using Unknown Load Factors
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@ If the default
Deformation Scale
Factor is too large,
we can adjust the
factor.

Deformed Shape Review

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

LIIT]

Tools/ une  UnitSystem

Syst:
LengtF1>mm J

Result / [ Deformations ~ / [{ Deformed Shape... Deformed Shape
Load Cases/Combinations>CB:LCB 2
Components>DXYZ
Typeof Display>Undeformed (on); Legend (on) ; Values (on)
Deform 2=

Deformation Scale Factor (0.3) %

[ THRemts - 7 Cable Control
- [ TH Graph/Tet * | Gambarfhacoon *

Bidge

FE=DM s SA0EE N jufo]

51 Model View

6% Model View
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ADVANCED APPLICATIONS

Construction Stage Analysis

42

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.



FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

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:

e  Towers
Large Block construction method
e MainGirders
Side Spans : Temporary Bents + Large Block method
Center Span: Small Block method by Traveler Crane
e Cables
Direct Lifting by Truck Crane

Side Span Girder Erection by Temp. Bents Cable Tensioning and Additional
Girder Erection
‘ -
I
g

Part of Center Span Girder Erection and Cable Cable Tensioning and Additional
Tensioning Girder Erection

|
Cable Tensioning and Additional Key Segment Installation and Applying
Girder Erection 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 | hnaiStage fﬁ?ﬁgfp"rﬁz’ﬁ‘s‘sﬂ'mp(’sm CS17 | Main Girder (6) removal
CS1 Superimposed Dead Load removal CS 18 Cable (15, 26) removal
cs 2 Q‘r’ﬁ;{/;‘zmﬂé‘grﬁ:mf‘ lKl‘)fy Segment |~ 19 | Cable (6, 35) removal
CS3 Cable (20, 21) removal CS 20 Main Girder (5) removal
CS4 | Cable (1,40)removal Cs21 Cable (14, 27)removal
CS5 Main Girder (10) removal CS 22 | Cable (7,34) removal
CS 6 Cable (19, 22) removal Cs 23 Main Girder (4) removal
CS7 Cable (2, 39) removal CS 24 Cable (13, 28) removal
CS 8 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) isouter cable and Cable (10) isinner cable in the left span.

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

* Cable (31) isinner cable and Cable (40) isouter cable in the right span.

* Elements representing the main girders in the center span aredivided according to the cable spacing, and
the main girder (11) isa 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.

|File Edit Yiew Model Load Analysie Resue Mode Gwer Tools Window Hele
Backward | |

Madel Vier

(24 2[[® t 432> OIOIB -4 «>4t OPPHD|

i

For Help. press F1 [Node-|  [U:362 78,547 G2 362, 1.8, 54,1 Tont =1lm =1 Ellnon=ilz L =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.

E,-‘, / 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 thetruss 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.

H

Results/ %‘

Combination

Combinations

Load / (®) Static Loads | / saric Load Static Load Cases

Load Combination List>Name>LCB 1, LCB 2 2o |
Load / Static Loads Static Load Cases
Name (Tension 1) ~ Name (Tension 20) _ e |
Name (Pretension); Type> User Defined Load .

=5

Static Load Cases

Name | PRETENSION Add
Case |.-'-\|| Load Case j Modify
Type |User Defined Load (USER) ﬂ Delete
Description : | PRETENSION
No Name Type Description -
1| SELF WEIG | Dead Load (D) SELF WEIGHT
2| ADDITIONA. | Dead Load (D) ADDITIONAL LOAD
» k1 PR User Defined Load (USER) | PRETENSION

mn

m

»

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

Unit
System
Length>m
Node/Element / Cfa:'gla Change Elements Parameters

Parameters

K 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

rw Mo ¥ Xssts femne X @0 y ¥ = A 5] N Xoekte & [ tomes
7 e RN B S

v LA =] - R B N Do |5 naomegf
g e S S DBt o 8 2 DA P G B
Hodes 2 Prject T Te pemens M1\ b 21
Hodes ~ Germants
. BRI TEES ARG ® % (T)n:nun)zsc. TG E IR 1 TN )
Select ity
a . .
(| A | e | e | v |
B W= ]
[ | P B [1o0 11010 3
Beesntnnte:  [9 | O
Parameer Troe: @
Mo D a
£ Secind 1
-
 Eenent o kes +
@ Bemant Type o
" Reverse Bement Locl ¥
 ensnentiocl 2
” o
s [ 3] ®
To i [Tensonory ookl x|
Ol Ok @ Gt a
— @
fremsn <] [0 w n
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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 / (@ Temp.[Prestress|; = Pretension Loads Pretensjon Loads
2 Zoom Window (Ain Fig. 41)
I select Intersect (Elements: Ain Fig. 41)
Q Zoom Window (B in Fig. 41)
1% select Intersect (Elements: B in Fig. 41)
Load Case Name > Pretension; Load Group Name > Default Options > Add;
Pretension Load (1101.63) 4

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
2,139,112, 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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)

Stabx Loads (%) Seismic ettiemant/Etc. e vI_c c c & System Temp. B x_ 7 27 prestress Beam Loads

JPrestress| (%) Constnuction Stage () Load Tables: | = & ﬁ 4 Nodal Temp. ‘H‘é] B9 B 2 pretenson Loads
Staticload Usngload | Bement Temp. BeamSecto Tendon Tendon T

Z sd Usngload | Eement Temp. Beam Sex endon Tendon Tendon g

Omonglozd (0 Heat of Hydrzton Caes  Combnations | Temp. Gradent  Temp. Property  Profie  Prestress — Xiemal Tipe Losdease

Luad Type | | | Presiress Luats
-~ BEITEERIHDSRE S % =% cEE= DN B0 ABES

K Be
Pretenson Losds =]

Locd Case Name:

[PreTension A -]

Lood Grup e

lpeut A -] =)

opsons 2

S ad Aol O Dekir f
(€]

Sretencion Load

T0ies o

$ 0 5

5% Model View = B 55 Model View = B

Gl @O0 0O

Tree Menu

o e T o

For Help,

Frame45

Fig. 41 Input Pretension Loading to Cable Elements
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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 B:r-:'o
stages  simultaneousy by Load / @) Construction Stage / DQFFEE Define Construction Stage
assigning numbers to a stage. G5
The generated construction
stages will, thus, have having Define Construction Stage __ Generate |
identical names. Stage>Name (CS); Suffix (0to32)

Save Result>Stage (on) ¢

Define Construction Stage @

@ For  generating  analysis LanSLalin g0
results, the analysis results in Name | Duration | Date Step Result = Name cs
each construction stage are Cs0 0 0 0 Stage Suffix Oto32
d d b i cs1 0 0 0 Stage |2

save an subsequently cs2 0 0 0 Stage Duration o = dayle

generated. cs3 ] 0 [i} Stage
gg: g g g gzge Generate > Additional Steps

oe et
Cs6 0 0 0 Stage Modify/shaw Day : ’7 Add Delete
cs7 0 0 0 Stage _ : :
S8 0 0 0 Stage Delete ( Example: 1,3, 7, 14 ) Modify Clear
o 0 o o s Step__[ Doy
ra11 n n n Ctama Auto Generation
4 1 3 Close
Step Number : 1] E

Generate Steps

Save Result
[~ Additional Steps

OK | Cancel| Apply |

Fig. 42 Construction Stage Dialog Box
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Assign Structure Group

Assign the elements, which are added/deleted in each construction stage by Structure Group.
After defining the name of each Structure Group, we then assign relevant elements to the
Structure Group.

Group Tab
Group>Structure Group>New... (right-click mouse)
Name (SG); Suffix (0to32) 2@ |

State Loads. eme

Temo.fpresess [ @) Consructon stage] (=
2 Movng Load Heat of Hydiation

ESp@ A DeaRE

0085

TEEEHRE

FEEEEEEET]
HEEEEREEER

a6 1= @EEE6 I 060 €948

e
i sueecer
fuTE L | e
T
RGOLHK T Pt v
Sl LeadGrw 3
+, SELFWEKGHT -

4, ADOITIONAL LDAD

O —r—

Fig. 43 Defining Structure Group
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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 CS1 is a construction stage, which eliminates the
superimposed dead load, and as such there are no added/deleted elements involved.

& Front View

G[o_up > Structure Group
) select All
SGO (Drag & Drop)

[l Select Window (Elements: 62,63,172,173,263  Ain Fig. 45)

SG2 (Drag & Drop)

@ Inactivate previously . (2]
defined element groups Inactivate

so that they do not
overlap with another  Define the Structure Group SG3 to SG32 by eliminating main girders and cables sequentially
element group. while referring to Table 5 Cannibalization Stage Category.

)

G - [ - | A e

I | @ o By
= mnec [ T veraly
vehy | e

e oms B cuacs

Adwe End -
| Golsmo | Dby | wniow vindow T |
HESPEIB HA0EE N L FE

DoL 50

SG10[ N Bemert=4]
5511 [ Nodh=4- Barart=51]
SG12[ Nedsed Bemert=d|
S613 [ Noda= Beet=4 |
S8 Node. Berert=6 |
S5 [ o= Bement=4|
S [ e Bemarted |
SG17[ N Bemert=6]
|
5519 Nedsed Bemert=d |

»ECO6 I DE €0 45

W00
B
2
-
BETLY
3
ol [

', Model View/

s mrwemn
£ oo 0
: aan

o o PRl e

Fig. 44 Defining Structure Group SG2
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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.

[ad select Window (A in Fig, 45)
SG32 (Drag & Drop)
Inactivate

O e B3 YA P &

Tl

P om + | = Tie Hortontaly
Redaw heal P g o L T e e T ot tobet | (1] Tie Vertialy
= redn ton g e ot e . %
) Vem CYPN NG -l - e N e | s D ity @ Preis | B ciscate
[ ReoderVew | sekct | Adue  Galysoap | Deby | Wadow | WedowTe |

B TAEGI ARG Gy xse1x - anwmw:- PE=DEIE HA0EE L B

7 s ‘1B

Snetee Geup - 3
5501 Hodew 152 Berwt=27]
561 Hoded : Bemmt=d]
5621 Hode=2: Beert=5]
SG1 [ Hode=d: Bemrt=4] 0
554 Hodexd  Bemart=d |

[=]

553 [Hote=D. Benertt ]
5 5510 Mode-0 Enee-4 |
E T —]
8 SG12| NodesD; Bementsd |
8 SG13| Node=D : Blement=4 |
5514 Mode 4 Enet=5]
5 5515{Mode-0 Elmere-4]
S5 Node sl lamertad |
5G17| Nodesd ; Bementet ] A
#8 SGIE| Node=D : Blement=4 |

28 5515 oD Bsed | e [ A

5 5520 Mode-4 Elmere-5] '

571 [Nodesl) Blamertad |

——

= EOOI 0 €08

2 550 o) B
5 5525 Mode-0 Elnere-4 |
S5 Moot enees |
5627 Nodesl); Bementsd |
P8 SGIE | Node=0 : Element=4 |
2 5528 Mode Bt
5 5520 Mode-D Elnere-4 ]
e —
8 5512 Modend  Blnato6]

il (]

4"\ Model View/

Fig. 45 Defining Structure Group SG32
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Assignh Boundary Group

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

¥ Activate All

Group Tab
Group>Boundary Group>New... (right-click mouse)
Name (Fixed Support)
Name (Elastic Link)
Name (Bent)
Name (Rigid Link)

T o B ey
=d T e 1 Tie verteay

Degiy | M
windon

" T s B casade
| Gusnap | Osply | Wndow vindow Tl |
CEESPAIA DAGEEIN A B

Defne Boundaey Group
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X Dot P T m
Fen - [ o
& AU 1
<4, Tomdims 5 (oo 1386710 205y2)
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Fig. 46 Defining Boundary Group
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Reassign the fixed suppor, 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 Al
Fixed Support (Drag & Drop)
Select Boundary Type>Support (on) J

&) select Al
Elastic Link (Drag & Drop)
Select Boundary Type>Elastic Link (on)

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

.,

— |15 ucs/ees -
- rids ~

s

B O K] X omm w ot H o™ | [ cose - | Tie Horeontaly
= ‘L‘J == [ zoom~ (5 Named View L/\ 4 % —:.-—I fonee 7 Tie Vericly
et ot prevous o Wi ) | - Aove micwe AL v || N s | Cacae
Dynamic View | Render View | Select. Activiies | GidsfSnap | Display | Window | window Tie
CEEITTEE®IE S S® SIEESPEI A DAOEE SRR
Dr ag & Dr o p Select Boundary Type
[ Support g
[~ Point Spring Support 4
[ General Spring Suppart Q|
2
General Link
o g Beam End Offset a8
 Tondon Grun -0 Ep;i'gE:d Relonse Beam End Release
CRigid Link Beam End Offset %
[_Linear Constraints Plate End Release o
[_Element Convection Boundary Rigid Link %
[ Prescribed Temperature Linear Constraints
[ Effective Width Scale Factor [ Element Convection Boundary [Fsl
[ Prescribed Temperature =
[ Effective Width Scale Factor
/ 2
£ o
'{é;ﬁf Select Boundary Type =] =]
f — a
i I Point Spring Suppart
b = General Spring Support =
[ Elastic Link
[ General Link [r:]
[ Beam End Release
_Beam End Offset
Plate End Release
qid Link.
3 Model View/ I Linear Constraints

[ Element Convection Boundary
I Prescribed Temperature
[ Effective Width Scale Factor

[5]5 ]\ Command Message { Znayes iessae ]

L] |
T Sl Flmr= =3

Frame-111

Fig. 47 Generating Fixed Support, Elastic Link and Rigid Link Conditions



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.

Iy Iso View

Boundary /  pefine Supports
- Suppaorts
% Select Identity- Node (Nodes: 86,29,130,63) .
Boundary Group Name>Bent
Options>Add
Support Type>D-ALL (on); Rz (on) J

%, 3 Ganeral spring -

2 [ B Linear Constraints 7 Effectwe Witth |
bt = 3
- T Intergral 8rdge. [H] :": Lﬂ{' h‘ [ Panel Zone Effects ' Define Lebel Dir
Defne ot Suface Babc Mgl Genedl BeomEnd BemEnd PateEnd s oo Bouncary
Supports g Sprng Lok Lk Lk~ Relase  Offsels  Release ¢ NOU® — Tables
Sprng Supports [ Lk, Bc Tabes |
i EEITVEE® D SiEESDNIA GACEE YRR S

s yoyoycls]

s3]

7 DAL O
¥y ¥ @V a
I R =i
W RF a
a8

sy | gose &

=

r:

Hodel View/

Command Message _Anaiyss Hessape |
<

Fig. 48 Generating Boundary Condition for Temporary Bents

57



ADVANCED APPLICATIONS

58

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)
Name (Additional Load) .
Name (Pretension Load) .l

@ B Linear Constraints "I Effective Width g
[ Panel Zone Effects i Define Label D

b@ i Wk B b b

@

Defne vun Surace Eeic Tl Gl BanEd Bmnid PRI oo Boundary
Supports | Sping  Spnng Lnk Lnk* Relass  Offcets  Reloase —— Tables *
Supgorts Sarmg Supports. | Lok | Rekase/Offset BT Tabes |
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Fig. 49 Defmmg Load Group
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M odify the Load Group “Default”, which was defined for self-weight in the final stage analysis,
to “Self Weight”.

Load / (® Static Loads | (&Y seff Weioht gy \yejght

Load Case Name>SelfWeight
Load Group Name>SelfWeight

Operation>m

) Settement/Etc

& Wodal Body Force | 11 Element | 7 prassure Loads. = Inital Forces *
mp.JPrestress (5) Constuction Stage (2) Load Tables o (tocaitases | Mine | B Mydrostatc Pressure | (=) Assign Fior Loads -
@ Movigload () Heat of Hydration StaticLoad s Load | 21 Soecied Dipl. 14 Loadsto Masses | L Tyoill | & Asian Plne Loads ©
2 ovig Loa it of Hydiator e e | 1 Soeched DL 1 Loads to v e Loats
Load Type. | Create load Ces | Stnuctre Loads | Masas. | Beamiowd Brassure Load kel Forces/Ee. |
= EEITRE® FHRSE T S EESPRIAIDACEE p G5
b Base 1k

Self ieght =

L Case e
e e =+ .. a
Load Group Mame 4
eauF weicHT - . 2\
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" a4

MR e
” Q
. &
B #
ay -
[ A
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a
Loadcase [ [v [7 [Goup 5]
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A
|+ ]
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Fig. 50 Modifying Load Group for Self-Weight

59



ADVANCED APPLICATIONS

60

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) .1

) Select All

Group > Load Group

Pretension Load (Drag & Drop)

Select Load Type>PretensionLoads (on)

MIAR P2
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Dymamic View | Renderview | select Ao | GudsfSnap  Deply | Window [ Wndm Tk |
|1 #0155 B % 10034 366057 59 % 10273 SIEES DN DAREE N RS

‘IR

Select Load Type El Select Load Type E
[ Modal Loads [ MNodal Loads
Specified Displacement [ Specified Displacement

[ Beam Loads

[ Floor Loads

Pressure Loads

Modal Temperature

Element Temperature
Temperature Gradient

Beam Section Temperature
[_Prestress Beam Loads
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[ Floor Loads
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Fig. 51 Defining Load Group for Superimposed Dead Load and Initial Cable Prestress
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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 // ,[éjff Define Construction Stage
CcSo Modify/Show Define

C.5
Save Result>Stage (on)

Element tab>Group List > SGO; Activation>$
Boundary tab>Group List > Fixed Support, Elastic Link, Rigid Link
Support /Spring Position>Original

Activation>__ 2% |

Load tab> Group List>SelfWeight, Additional Load, Pretension
Activation>__ % |

P ction St =
Stage Adsorl St
- -
Sage:  [GB = e =
Name. 0 { Exaple 1,3,7, 14 ) Mooty | G Element | Bfndary Load
. = Siep [ Doy
ovaen: [0 =) P R gothion Deactation
Save Rt
W siage I~ Acdtiona Steps ST (] AdiveDays [Fist  <]dvis) | mactiveDay: [Fust ]dapis)
Generate Staps
N Corrant tage Infemation... Group List Group List
Bt [ iont Name [ Day [ Name [ Day |
Sement | Bogfery Selfureight First
Arthatin S— addtonalLoad  Frst
o = Pretension First
[ . Eimen Force
= e [0 = dove) | redavbumon: [0 3 %
564
B Guplst Group Lt
s — = = T |
=) o
Modfy | Delete add | Modfy | Delete
T
Elerlpri: Boundary | Ldhd |
Grou® 7| - activation Deactivation
L | oy | e Sumpart f 5oring Pasiton
& Orignal " Deformed

Group List
— Name Fosition Hame
Fixed Support § - Original
Elastic Link Original
Rigid Link Criginal

Modfy | Delete Add Delete

Fig. 52 Defining Elements, Boundary Conditions and Loads for Construction Stage CS0
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Define Construction Stage for each construction stage from CS1 to CS32 using Table 5
Cannibalization Stage Category as follows:

CcS1 Modify/Show

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

Deactivation>__ 2% __|
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
Activation>___ A%

CS3 to CS32 _ Modfyishow |

Save Result>Stage (on)

Element tab>Group List > SG3 to SG32; Deactivation>$
Element Force Redistribution> 100%
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Input Construction Stage Analysis Data

/
=
Analysis/ C°”§§Z‘ét'°” Construction Stage Analysis Control
Final Stage>Last Stage (on)

Analysis Option>Include Time Dependent Effect (off)

Construction Stage Analysis Control Data =5
Final Stage Cable-Pretension Force Contral
+ LastStage " Other Stage Cs0 % Internal Force " External Force ol '

Initial Force Control

[ Restart Construction Stage Analysis [~ Convert Final Stage Member Forces to Initial Forces for Post C.5.

Analysis Option r A
[™ Indude Nonlinear Analysis [~ Change Cable Element to Equivalent Truss Element for PostCS
o) (o]

[~ Apply Initial Member Force to C.5.
-

Initial Tangent Displacement for Erected Structures
™ Include P-Delta Effect Only u sem b
o) i Eeli]
[~ Include Time Dependent Effect
= SG0

Load Cases to be Distinguished from Dead Load for C.5. Qutput

[~ Consider Stress Decrease at Lead Length Zane by Post-tension
loadCase: [seLFwEIGHT v ... | [Load Case
add & ~ T
% Beam Section Property Changes
" Constant & Change with Tendon

Load Type for C.5. (Erection Load) : Dead Load of Wearing Surfaces an

Frame Qutput
[ Calculate Concurrent Forces of Frame
[~ Calculate Qutput of Each Part of Composite Section

[~ Save Cutput of Current Stage(Beam/Truss)
Remave Construction Stage Analysis Contral Data ‘ 0K Cancel

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.

By
Analysis/ reform Perform Analysis

Analysis
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ADVANCED APPLICATIONS

Review Construction Stage Analysis Results

@ If the Stage Toolbar is
active, the analysis
results can be easiy
monitored in the Model
View by  selecting
construction stages
using the arrow keys
on the key board.

default
Scale

@ If the
Deformation
Factor is too large,
we can adjust the
Scale Factor.
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Review the changes of deformed shapes and section forces for each construction stage by
construction stage analysis.

Review Deformed Shapes

Review the deformed shape of themain girders and towers for each construction stage.
Stage Toolbar>CS 5 (A in Fig. 54)®

H Deformations ~

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

1 Deformed Shape...

Components>DXYZ; Type of Display>Undeformed (on); Legend (on)
Deform -
Deformation Scale Factor (0.5) ®

Backward Constnichon] - [Mod)

4 Reactions = 94 Stresses© | T Beam/Blement ™ . Mode Shiapes ~ s Lines~ 1 THResuts = ¥ Cable Control = @ ﬁ[ @

H Deformations * ¥ Diagram * Modal Da .| # Infa. Surfaces * 1B T.H Graph{Text * | | CamberReaction ~ e et it 5
Combrgton | ¥E Forces £ HY Results ~ 8 Mowng Tracer ~ [5 Stage/Step Graoh 15 Tendon Loss Gabh “'pigram  oust | b -
0 | Movng Lead Time Histoey Bridge Text | Tables |

CEESDNIZIDAQEE NN 5EA]

.| | Deformation Detaits

X
Deformaton Scae Factor:
Deformaton Type

& Nodsl Defom

™ Rea Dislacement (Auto-Scake OFf)
e Displacement

)
g2
&
€ O 5

= @00 C6

Ilel |

o o k= i B

Fig. 54 Deformed Shape for Each Construction Stage from Backward Analysis



FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

Review Bending Moments

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

Stage Toolbar>CS 7
Result / #2 Forces ~ | l-4| Beam Diagrams...

Load Cases/Combinations>CS:Summation ; Step>Last Step
Components>My
Display Options>5 Points; Line Fill ; Scale>(1.0000)
Typeof Display>Contour (on); Deform (off), Legend (on)

BERTER

&

]mm- "F Cable Contral ™ M E] @

i stmmes | T peamEemant - L Mode Shapes * T, Lines ~

% 4 Reactons

W bsfoatons * 5 Dagram * # I, Suaces * [ TH GaptyTeet o GmbeyReacion - )

conbean [t ¢ Ll Ry 0 oing Toce [ Saguisten rsh 1 Tondon o SRS 5 RS

OR8] 1 Frces... [ Hade sape Wmalod | Teboy | Tobs |
. 52 Beam Forces/Moments... = "

L Cass Connatons

G 3]

st [stsien

Daghry Opars
< * laml
 neFd
~ sidFl

 SPonts
sols [T
Tre of Dy
|
(ke o 7 leged ]
[ domate .| T forres
I Mt | Qukven .|
=

OuputSecton Locson
I r

Fig. 55 Bending Moment Diagram for Each Construction Stage from Backward Analysis
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ADVANCED APPLICATIONS
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Review Axial Forces

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

Stage Toolbar>CS 15
Result / ¥ Forces ~ / f@| Truss Forces...

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

Force Filter>All; TypeofDisplay>Legend (on)

4 Reactons ™

B smemes I searEement L Hode Stapes ©
[ —_ - .
CTT .

i Infs. Lnes *

# i Surfaces = [ TH Graph/Tet - | = Cambet/Reaction =
3 Mowng Tracer * [, StageyStep Graph | [E Tandom Loss Grash
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w

Bidge Geder
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

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
Results/ [¥. Stage/Step Graph Stage/Step History Graph
Define Function>Displacement>.

Displacement>Name (Horizontal Disp.); Node Number (1); Components>DX
Define Function>Displacement>: el et hond |

Displacement>Name (Vertical Disp.); Node Number (27); Components>DZ
M ode>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),

[ 4 TH Resubs - e Control = [rec])
* & Dageam * A A Sursces *| [5 TH Groh{Test = [ CambarRaacton = hT:
Crmeon | AR @ HYRen - & Maveg Tracer - 1 Tendon Lot Gagh
Combination Resits. Detai. Made shipe | Mawng Load Tine Hetory e

~ = » =m

Horizental & Vertical Displacements for each C

@ Sagefim Tme(iay)

CreskFunctens To Pt
| T
ESTICu D1

nedty D
Unad Comes Cobirutons

—m—| .
ORI e ey Displacement

all Gwh | ome MEman Horizontal Disp
Nods Murnber: ’17

Zomponents: ox -

Tros Mo
Ok Cancel

Fig. 57 History Graph of Deformed Shape for Each Construction Stage
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ADVANCED APPLICATIONS

Review the variation of cable prestress by using the Step History Grgph function. Check the
variation of cable tension forces for each construction stage for inner cables in the tower area
from the final stage (CS0) to the last stage (CS32) in construction stage analysis.

Results/ [ Stage/Step Graphstage/Step History Graph

Define Function>Truss Force/Stress>: R ]
Truss Force/Stress>Name (Cable 10); Element No (10); Force (on); Point>l- Node
Define Function>Truss Force/Stress>..........AddNewkuncton

Truss Force/Stress>Name (Cable 11); Element No (11); Force (on); Point>I- Node
M ode>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)

bt THResks + 4 Cable Como * =
it [E TH Gaph/Text * | | CamberReaction * o
3 oweg Tace . Tendon Loss gt

Mowgload | Tme Hsory Bidge

Tet  Resds
Output  Tables *

Truss Force|Stress l

Mame: | Cable 10
e [T e (5
A= | = | | Eementho; Jw

= Force) (" Shress
Paint: I-ode -

O Cancel |
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FINAL AND CONSTRUCTION STAGE ANALYSIS FOR CABLE-STAYED BRIDGES

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.

StatusBar> kN, m
Results/ [ Stage/Step Graphstage/Step History Graph
Define Function>Beam Force/Stress, kb

Beam Force / Stress>Name (Moment of Girder); Element No (45); Force (on)
Point>l- Node; Components>Moment-y .l

Define Function>Beam Force/Stress, Add New Function |

Beam Force / Stress>Name (Moment of Tower); Element No (108); Force (on)
Point>l- Node; Components>Moment-y .
M ode>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),
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