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Completed State and Construction Stage Analyses of a Suspension Bridge

Introduction

Suspension bridges can generallybe classified as long span structures. Suspension
bridges comprise longitudinal deck (main girders) supported byhangers suspended
from cables. The cables are connected to anchors at each end.

The analysis ofa suspension bridge is divided into completed state analysis and

construction stage analysis.

The completed state analysis is performed to check the behavior of the completed
bridge. At this stage, the structure is in balance under self-weight, and the deflection
due to the self-weighthas alreadyoccurred. This stage is referred to as the initial
equilibrium state ofthe suspension bridge. The initial equilibrium state analysis will
provide the coordinates and tension forces in the cables. The completed state
analysis ofthe suspension bridge is performed to check the behavior of the structure
under additional loads such as live, seismicand wind loadings. The selfweight
loading in the initial equilibrium state will also be added to the total loading for the

completed state analysis.

Suspension bridges exhibitsignificantnonlinear behavior during the construction
stages. Butit can be assumed that the bridge behaves linearlyfor additional loads
(vehicle, wind load, etc.) in the completed state analysis. This is due to the fact that
sufficienttension forces are induced into the main cables and hangers underthe
initial equilibrium state loading. Itis thus possible to perform alinearized analysis for
the additional staticloads atthe completed state by converting the tension forces in
the main cables and hangers resulting from the initial equilibrium state loading into
increased geometric stiffness ofthose components. This linearized analytical
procedure to convert section forces to geometric stiffnessis referred to as the
linearized finite displacement method. This procedure is adopted because a
solution can be found with relative ease within acceptable errorlimits in the
completed state analysis.

Construction stage analysis is performed to check the structural stabilityand to
calculate section forces during erection. In carrying out the construction stage
analysis, large displacementtheory (geometric nonlinear theory) is applied in which
equilibrium equations are formulated to representthe deformed shape. The effect of
large displacements cannotbe ignored during the construction stage analysis. The
construction stage analysisis performed in a backward sequence from the state of
equilibrium as defined bythe initial equilibrium state analysis.

This tutorial explains the overall modeling and resultanalyzing capabilities for the

completed state and construction stage analyses ofa suspension bridge.



ADVANCED APPLICATIONS

Procedure for Completed State Analysis

& User may directly
model the structure
by fixing the towers &
sag points without
using the Wizard.

§¢ Calculate cable
coordinates and
initial member forces
satisfying the initial
equilibrium state.

Eliminate Suspension
Bridge Analysis Control
Data in order to
complete the initial
equilibrium state
analysis.

Initial equilibrium state analysis using Suspension Bridge Wizard v
(Calculation of 1st cable coordinates)

|| Modify the model & boundary conditions to reflect the true structure.

Accurate shape analysis (use Suspension Bridge Analysis Control) v

Eliminate Suspension Bridge Analysis Control Data ¥

Apply loadings to the completed structure for which initial member
forces have been reflected into the geometric stiffness: Linearized
finite displacement theory applied




Completed State and Construction Stage Analyses of a Suspension Bridge

Fig. 1 Analytical Model

Bridge Dimensions

The example model is a suspension bridge having a total length of 650m as shown in Fig. 1.
Detailed bridge dimensions are shown in Fig. 2.

Spans:L=125.0 + 400.0 + 125.0 = 650 m
Bridge width:B=11.0 m

20.72 m

2 10@12.5 =125 m :!: 32@12.5 =400 m > ! ¢ 10@12.5 =125 m N
L

Fig. 2 General Profile



ADVANCED APPLICATIONS

Completed State Analysis Modeling

Structural Modeling

In this tutorial, the suspension bridge modeling sequence is as follows. First, create
the model for the completed state analysis, perform completed state analysis, and

then create the construction stage analysis model under a differentname.

The suspension bridge modeling procedure for the completed state analysisis as

follows:

1.Define material and section properties
2.Analyze initial equilibrium state (using Suspension Bridge Wizard)
3.Create a model and enter boundary conditions
- Divide pylon (tower) members to generate pylon transverse beams
- Create & remove pylon transverse beams
- Enter boundary conditions
4. Accurate initial equilibrium state analysis
- Define structure groups
- Enter self weight
- Perform analysis
5.Input static loads & modify boundary conditions

6.Perform completed state analysis
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Assign Working Environment

Open a new file (' New Project), save as “Suspension Bridge .mcb”
(E Save) and assign a unitsystem.

E /T New Project / H save (Suspension Bridge)

|_IMT

Unit

Tools /«==n Unit System (alternatively select from the status bar at the
bottom of the screen)
Length>m; Force> tonf .

Unit System @
Length Force (Mass) Heat
™ m N (ka) " cal
am kN (ton) & keal
" kgf
" mm kaf () { ]
{* tonf (ton)
L C bf (b .-
" in " kips (kips/a) " Btu
Temperature
{* Celsius " Fahrenheit
Mote : Selected units are displayed in relevant
dialog boxes. Values are NOT changed with
Hinite.
[ SetfChange Default Unit System
0K | Apply | Cancel

Fig. 3 Assign unit system

In this tutorial, 3-dimensional analysis will be performed.
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Define Material Properties

Input material properties for cable, hanger, deck (main girder) and pylon.

Properties / wateral Material

Properties
Material

Name>Cable
Type>User Defined

Modulus of Elasticity (2.0e+7)
WeightDensity (8.267)

Properties

Material | Section ] Thickness ]

m

D | MName ‘ Type | Standard DB
1 Cable User Def.,
2 Hanger User Def,
3 Deck User Def,
4 Pylon User Def,

¢ Because the self
weight of Deck is
directly entered as
nodal loads by the
user, Weight Density
is assigned 0.

Material Data =
Gengra
Material ID 1 Name Cable
= Elastity Data
£ User Defined
Typeof Desian  [User Defined
standard  [None -
i o8
" User Conrete
Add... ) Defined Standard
Type of Material Code
Modify... & 1sotropic ¢ orthotrapic w [ o
I User Defined
IEE Mods of Basticty : | PIIEEETD  torfim
Copy Poissonis Ratio 03
Thermal Coefficient 0.0000e+000 1/[F]
Import Weight Density 8.267 tonfjm?
[™ Use Mass Density: 0 tonfim?fg
Renumber
Concrete
Modulus of Elasticity : tonffm?
Poisson's Ratio
Thermal Coefficient. : 1/l
Vieight Density O tonfm?
= 0 tonfim3/g
Plasticity Data
Plastc Material Name  [NONE -
Thermal Transfer
Specific Heat 0 kealftonf-[F]
Close Heat Conduction 0 kealfm*hr*[F]
Damping Ratio [l
oK cancel |

Fig. 4 Define material properties

Fig. 5 Material data

By the same method as above, inputmaterial properties for hangers, deck (main

girders)and pylons using Table 1.

Table 1 Element material properties

[unit: tonf, m]

Classification Cable Hanger Deck Pylon
Type User Defined User Defined User Defined User Defined
Modulus of Elasticity 2.0x 107 1.4 x 10" 2.1x 107 2.1x 107
Poisson’s Ratio 0.3 0.3 0.3 0.3
Weight Density 8.267 7.85 0.009 7.85
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Define Section Properties

Input the section properties using Fig. 6 and Table 2 as follows:

Properties /

Section

Properties

Section

Value>SectionID (1) ; Name (Cable)

Size>D (0.23) ; Stiffness>Area(0.04178)

Table 2 Section properties

[unit: m]

Classification Cable Hanger Deck Pylon Pylon-trans
Area 0.04178 0.00209 0.5395 0.16906 0.1046
Ixx 0 0 0.4399 0.1540 0.1540
lyy 0 0 0.1316 0.1450 0.1080
lzz 0 0 3.2667 0.1143 0.0913

Note that D=0.23 is used for graphical representation only, and the numerical

properties in Section Properties (ie, A=0.04178) are used for analysis. They do not

have to necessarily correspond. After entering the Size and clicking on Calc. Section
Properties produces the numerical properties, which can be s ubsequentlychanged.

Properties

"Material Section | Thickness |

1 [ Name

[ Type

1 Cable
2 Hanger
3 Deck
4 Pybon

5 Pylon-trans

Value
Value
Value
Value
Value

Modify...
Delete
Copy
Import

Renumber

Close

Size B
1o | 02300lm |
Section Properties

Section Data =3
"DBJuser Valve |
|. Solid Round j
Name | Cable ¥ Buit-p Section

Calc_Section Properties.
Area 4.17800e-002 | m*
Asy 0.00000e+000 | m*
Asz 0.00000e+000 | m*
box 0.00000e+000 | md
Iyy 0.00000&+000 | m"4
Izz 0.00000e+000 | md
Cyp 0.0000 | m
Cym 0.0000 | m
Czp 0.0000 | m
Czm 0.0000 | m
Qyb 0.0000 | m*
Qzb 0.0000 | m?
Peri:0 0.00000e+000 | m
Peril 0.00000e+000 | m -

¥ Consider Shear Deformaton,
Offset: Center-Center
Change Offset
| Q oK |\ concel
A

Fig. 6 Input section properties (cable)
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Input section properties for otherelements using Fig. 7 and 8.

Section Data (34 Section Data (=34
Defuser Value | Defser Ve |
SectonD |2 ‘. solid Round j SectonlD |3 |D Eox j
Name | Hanger [V Built-Up Section Name | Deck ¥ Bult-up Section

Size

o T vos(m | 15000 |m
Section Properties B 11.0000 | m
Calc. Section Properties tw 0.0400 [m
Area 2.09000e-003 [m* F 1 0.0400 | m E
Asy 0.00000e+000 [ m* c 0.0000 |m
Asz 0.00000e+000 [ m* 2 0.0000 | m
box 0.00000e+000 | m*4
lyy 0.00000e+000 | m*4 Calc_Section Properties
lzz 0.00000e+000 | m"4 Area 5.39500e-001 | m?*
Cyp 0.0000 | m Asy 0.00000e+000 | m?
Cym 0.0000 | m Asz 0.00000e+000 [ m*
Czp 0.0000 | m box 4.39900e-001 | m*4
Czm 0.0000 | m lyy 1.31600e-001 | m*4
Qyb 0.0000 | m* lzz 3.26670e+000 | m*4
Qzb 0.0000 | m* Cyp 0.0000 |m
Peri-0 0.00000e+000 [ m Cym 0.0000 |m
Peri| 0.00000e+000 [m - Czp 0.0000 |m -

[¥ Consider Shear Deformation. [V Consider Shear Deformation.

Offset: Center-Center Offset: Center-Center
Change Offse Change Offse
| oK cancel | | | oK concal | |

Fig. 7 Input section properties for Hanger & Deck (main girder)

Section Data == Section Data ==
DBfUser Value | DB/User Value |
Sectond  [4 ‘D Eox j Sectond |5 |D Sox j
Name [Pyion % Built-Up Section Name | Pylon-trans ¥ Built-Up Section
H 23000 | m H 2.5000 |m
B 2.0000 | m B 23000 |m
tw 0.0400 |m tw 0.0400 [m
1 0.0400 | m B 1 0.0400 |m =
c 0.0000 | m c 0.0000 | m
12 0.0000 | m 1f2 0.0000 [ m
Calc_Section Properties Calc_Section Praperties
Area 1.69060e-001 | m? Area 1.04600e-001 | m?
Asy 0.000002+000 | m? Asy 0.00000e+000 | m*
Asz 0.00000e+000 | m* ‘ Asz 0.00000e+000 | m*
boe 154000e-001 | mhd bex 1.540002-001 | m*4
lyy 1.45000e-001 | m4 3 lyy 1.08000e-001 | mM4
lzz 1.14300e-001 | m"4 K lzz 9.13000e-002 | m*4
Cyp 0.0000 | m Cyp 0.0000 | m
Cym 0.0000 | m Cym 0.0000 |m
Czp 0.0000 |m - Czp 0.0000 |m -
¥ Consider Shear Deformation. [ Consider Shear Deformation.
Offset: Center-Center Offset: Center-Center
Change Offsef Change Offeet ...
| oK Cancel | o Cancel

Fig. 8 Input section properties for Pylon & Pylon-trans beam
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Initial Equilibrium State Analysis

In the completed state analysis ofthe suspension bridge, the deflections due to self-
weighthave already occurred, and the structure has come to an equilibrium state. In
this initial equilibrium state, the cable coordinates and tension forces are notsimply
assumed bythe designer, butrather they are automaticallydetermined byusing
equilibrium equations within the program.

Using the Suspension Bridge Wizardfunction, the coordinates ofthe cables and the
initial tension forces within the cables and hangers and the forces in the pylons can
be calculated automatically. The initial equilibrium state is determined byinputting the
basicdimensions of cable sag, hanger spacing and the self-weightapplied to each
hanger. The cable and hangertension forces determined bythe Suspension Bridge
Wizard are automaticallyconverted into increased geometric stiffness using the Initial
Force for Geometric Stiffness function within the program.

Self-weight applied to each hanger

Fig. 9 2-dimensional basic shape for suspension bridge
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To obtain the initial tension forces and basic shape, inputappropriate data into
Suspension Bridge Wizardas per Fig. 10.

Structure / f= Suspension Bridge Suspension Bridge
Node Coordinates & heights > 3-Dimensional (on)
A (0), (0), (20.48) ; A1 (3.6), (0), (20.72) ;
B (128.6),(0), (60.8) ; C (328.6), (0), (27)
Height(60.8)
HangerDistance (m)
Left (10@12.5)
Center (32@12.5) 4
Material> Main Cable (1: Cable) ; Side Cable (1: Cable)
Typical Hanger (2: Hanger) ; End Hanger (2: Hanger)
Deck (3: Deck) ; Pylon (4: Pylon)
Section>Main Cable (1: Cable) ; Side Cable (1: Cable)
Typical Hanger (2: Hanger) ; End Hanger (2: Hanger)
Deck (3: Deck) ; Pylon (4: Pylon)
Deck System
Width (11)
$ The program automatically Shape of Deck (on) ; Left Slope (2.77) ; Arc Length (650)

calculates the self weight of
the cables. Only the self
weight of the Deck needs to be Advanced unitweightof deck system

entered. Load Type > Point Load (on)
Left (9@52.9375) *
Center (31@52.9375) .1

Advanced...(on)

Wd (Weightof Deck per unit length) : 4.235 tonf/m (assumed)
Ld (Longitudinal spacing ofhanger) : 12.5m
Ignore hanger self-weight

10
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As explained earlier, the geometric shape ofthe suspension bridge, especiallythe

cable coordinates cannotbe arbitrarilydetermined by the designer. Ratherthey will

be determined bythe catenary equation satisfying the equilibrium condition within the

program. Using the Suspension Bridge Wizard function, the geometricshape and

initial tension forces can be calculated. As shownin Fig. 10, all coordinates ofthe

suspension bridge, including the coordinates ofthe cables can be determined

automaticallyby entering the coordinates ofthe pylons, sag (B-C), slope of deck,

hangerspacing and selfweightapplied to the hangers.

Suspension Bridge Wizard
Node Coordinates & Heights
v 3-Dimensional Unit :m

X Y z
YO N CR
s [ms [0 [@s
[~ Asymmetric Bridge

HL H2
Height |60.8 0

£
Properties
J Material J Section

Main Cable [ 1 [1: cable ~ 1 [1: cable =
SideCable |1 [1: cable ~][1 [1: cable |
Typical Hanger |2 [2: Hanger ~| 2 [2: Hanger =
EndHanger |2 [2: Hanger =~ [2 [2: Hanger |
Deck [3 3: Deek ~|[3 [3: Deac |
Pylon [4 [4: pyion =] [+ [ Pyion ~|

Deck System

width(w)  [11 m [~ Depth(h) o m

UnitWeight [ 25.4476113¢ tonfjm

[~ Distance from Deck to Pylon

v Advanced...

[# Shape of Deck

Hanger Distance(m) Dist.(m) Dist.(m) & Slope =
left  [10@125 a1 | s [o Left Slope(%)
Center  [328125 G2 [ G | Arc Lengthim) 650)
Right Right Slope(%&) 0
View option
B D
Pylon X-ZPlane ¥
Hanger Cable . ] Hanger & Bitmap
H1| & E £ Drawing
o H2
. M-| X GIHHG2 Deck L ) !
I_) Distance | " Distance =5 Distance !
" Left 2L Center a5 Right Horizontal Force

Open... Save As...

o tonf

oK Close

Advanced Unit Weight of Deck System

Load Type

(=" Point Load (" Distributed Load

et [9@52.9375 tonf

enter 31@52.9375 tonf

it tonf
(ex: 3, 4, 5@5)

oK Cancel

Fig. 10 Suspension Bridge Wizard Input Window

11
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Fig. 11 is the 3D shape generated by the Suspension Bridge Wizard function. The
main cables and hangers are generated as cable elements, and the deck and pylons are
generated as beam elements.

o UGS~ = structure | * Check/Dupicats Elaments

L B Basa Structures © ) UM Brdge * [y FSM Bridge. P RCSEb B
4 {4 SuspensonBridge  F FOM Briige T3 Transverse Model [T RC Frame/Box = | 52 grs * L /T | [C] Diplay Free EdgefFace
SU'®  f cable Staved brdge | MSS Badge T Griage Model PSCEW0R | o armed plane | 4] Change = | Check Element Local Axs

Twe | Ward | ucsPen Goup | Check Structure |
RV B D G B - |5

[}

1
;
B
=
=
1
L3
=
o
&
B
-
L
‘2
1=
250 |

REH>00060 06 %45 00

Fig. 11 Initial equilibrium state analysis using Suspension Bridge Wizard

12
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Divide pylon elements to create pylon transverse beams

Align nodes 258 & 260 in line with node 215 and align nodes 262 & 264 in line with
node 247.

1

Node/Element/ rancinte
"% Select Nodes 258,260, 262, 264
Mode > Move (on)
Translation > Equal Distance (on); dx, dy, dz: 0,0, 2.796635
(z coordinate ofnodes 258,260, 262, 264 = 20.72 and

z coordinate ofnodes 215 & 247 = 23.516635)
Numberoftimes:1

Translate..

To create the pylon transverse beams, divide the pylons as shownin Fig. 12.

Node/EIement/DEE Divide...

View / %y, -/ zk|1nter5e¢|:ine Select Intersect (Elements: 255,258,260,
263)
@lnput the distances to Divide>Element Type>Frame
locate the pylon transverse Unequal Distance (1.25,18.75) @

beams from the top of the View / =k Shrink Elements
pylons.

AR ol : : Sl el
Ciezte  Tronsste Didde Mewge o po Change  Elements
o —
- EHETEE®IEISS® (<D ,) g,‘,J HACEE » A 55
Fi e “Ih
Uity -
7 u@%} =
Lplr-l l 8 2
=

a8 Dstance o
negual istance. @
€ Paramesic Unecual Disianc
* Peralel Brac =
* Chnde by ode a
c @
3
(= |
&
{Exangle : 5,3, 45,385.0) A
- )
W MergeDugicatetodes .| @
fogy | gose |

[The praject will be saved by the suto-save feature.

=
[ 5[], Command Wesssae  mave iesssss J

Fig. 12 Pylon element division
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Create pylon transverse beams

Generate the pylon transverse beams as follows:

A Zoom (Window Magnify the left pylon as Fig. 13)
Node/Elements/ |." Create...
Eg::!tnets
Element Type>General beam/Tabered beam
Material>4: Pylon ; Section>5: Pylon-trans
Intersect>Node (on) ; Elem (on)

Nodal Connectivity (260, 258) ; (269, 267) ; (268,266) ~ ..

Mods/Element: ¥
%1 e Ve Xoekte clowm @ W Ty (Ol AC N W Xooee S Baaumoen gy 0E
¥ 80N A e Bk 3 ; 2 12 T B A S [ wenen TH 6
Geate Torsate D Vege - i Cuate [ Tomsete Exrde Duie Marge Tiemect o Chnge Bements
Hodes 55 project R EEEY (Mwrr 2] Parameters  Table
ot : T e
RS . CEESPEIE HACEE S A BB
foe " 268
e T
ke 1 [ ] A B e
eeteter:  [30 .| o e T \< \
EenntTioe e |~ —
[GenealbeanTaosredbesn <] A A a
- - 3
e 269 -
A o
- . = L. E
A T\ 27 :
o - [es] |
- - =]
y ‘e
i T a
[ ~ S Q
o [
i 260 ] A
o —— e
- - -, e}
Herme | L - 258 2
e —— ! |_—]
@ Betadnge (Rl Pont o
1 Ref. ector ——
e
\

e e B o) e

Fig. 13 Generate pylon transverse beams (left pylon)

14
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Generate the pylon transverse beams for the right pylon.

Q Zoom Fit

1 Zoom Window (Magnify the right pylon as Fig. 14)
Node/Element/ | » Create Elements

Create
Elements

Element Type>General beam/Tabered beam

Material>4: Pylon ; Section>5: Pylon-trans
Intersect>Node (on) ; Elem (on)

Nodal Connectivity (264,262) ; (273,271) ; (272, 270)Jej J

X Dekte 2 Bz Aummesh

EEY ]

Rotate |2 Hf mapmesh L
. 2 enge  Eemests
w4 Parameters  Table

272

e —— 273 'i:'
foeneral beomyTeperedbeam 7| a
. B
| / H
¥
/ i (#]
264 Q
/ @
= | L 4
T e 4
= | 1 5
g v =
ok
o s
€ et e
0 =] 1o
e |=—

¥ = 4\, Model View/ b

Toe project will be saved by the auco-save Feamuze.

o>

', Command Message §_Aralyss essage [

N e s B e BT

Fig. 14 Generate pylon transverse beams (right pylon)
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Remove pylon transverse beams

Remove the very top pylon transverse beams generated bythe Wizard.

Node/Element/ X Delte Defete...
¥ Select Identity-Elements
(257,262)

Type>Selection (on) J

B Auto-meeh E‘" Ly

P % Qe Y Kowe b 00|, 2 Ty e

G Tk o v e B ks s % s e o e s [ g ceners
e Tanse Dide Wege & s ome |\ e Dude Mare Biesia
== & manct T e | s 1N = s 2| Pameters Tabe
Wodes. Elaments
= BRI TEEG AR D % - R 257262 CEFES DN A DIOEE SRR

o

AL=@008 08 0L 00850

£ o Ra R o A =

Fig. 15 Remove pylon transverse beams



Completed State and Construction Stage Analyses of a Suspension Bridge

Input Boundary Conditions

Input boundaryconditions for the pylons, cable anchors and the ends of the side
spans.

Cable anchors:fix (Nodes: 1,103, 53, 155)
Pylon base:fix (Nodes: 259,261, 263, 265)

(Fixed supports are automaticallygenerated and entered upon execution of Wizard.)
Ends of side spans: hinge with rotational restraints (Nodes: 205,257)

@ Iso View ; o Zoom Window
Boundary/ (33, Supports
Zoom Fit ; X Zoom Window
x Select Single (Nodes:205,257)

§® Rotational restraint

SupportType>D-ALL (on) ; Rx (on) ; Rz (on) ¢
about the bridge axis is
provided at the
bearings.

bl 1 I

Exic gd Genenl B
ek Lek L z

b
am e

T T EE ® B R e

Zoom Window

263
S T

Fig. 16 Input Boundary Condition

17
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In this model, the boundarycondition for the deck at the pylons is roller, which is
separated as shownin Fig. 17. Assignthe boundarycondition for the deck at the

pylons as a roller condition using the Beam End Release function.

Zoom Fit ; Q Zoom Window (Magnify the left pylon part as shown in Fig.
17)
Boundary/ P Beam End Release

Beam End
Release

Boundary Group Name>Default

Options>Add/Replace

L} Select Single (Elements:212)

General Types and Partial Fixity

My (i-Node) (on); Fx (j-Node) (on); My (j-Node) (on)
TSelect Single (Elements:213)

General Types and Partial Fixity

Fx (i-Node) (on) ; My (i-Node) (on) ; My (j-Node) (on)

\
|
{
\
\
\
@008 08 €

Bl W |5

) ] e =

Fig. 17 Input connection condition for the deck at the left pylon
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Similarly, assign the boundarycondition for the deck at the right pylon.

Zoom Fit
“A Zoom Window (Magnify the right pylon part as shown in Fig. 18)
Boundary/ P* Beam End Release
elace.
Boundary Group Name>Default
Options>Add/Replace
L} Select Single (Elements:244)
General Types and Partial Fixity
My (i-Node) (on); Fx (j-Node) (on) ; My (j-Node) (on);
¥ Select Single (Elements:245)
General Types and Partial Fixity

Fx (i-Node) (on); My (i-Node) (on) ; My (j-Node) (on);

View Structure Node/Element Properties [ERULUENE Load Analyss Resuts PSC Pushover Design Query Tools
1 Q 4 General Spring ~ [{@ﬂ @ B Linear Constraints T Effective Width g
@ &/ T Intergral Bridge BWU &: h [ Panel Zone Effects %' Define Label Dir
Define Point  Surface Elastic Rigid General BeamEnd BeamEnd Plate End % Node Local Axi Boundary
Supports | Spring Spring Lnk Lok Lk *| Release  Offsets Release | NodeLocal Axs Tables *
Supports | Spring Supports | Link | Release/Offset | Misc. | Tables |
CEEIVEE®IEAS S ® 53 RSN ZIHA0EE NN BA
2 x
ment [N Mass Load i gase < Ih B
Q
Beam End Release | =
Boundary Group Name X
Default =l
Options Q
© Add/Replace  © Delete o
General Types and Partal Fity 4
;
Bp O
Mz My =)
% =3 @
/
P
L N
N2 %
Type : © Relative  © Value
i-Node jNode &
' «JED ) =
> 3 - =
Fz |Off ] /0"{
| 544 @ N 245
Me/I0 ] |~
| //-
vy w0 w0
Mz ,
F, Fy, Fz
Mx, My, Mz :
Pinned-Pinned Pinned-Fixed
Fixed-Pinned Fixed-Fixed
apply Cose
4\ Model View, 3
>>
Tree Meny [REE SN [4T> T3\ Command Message £ Analys Message el | »

Fig. 18 Input connection condition for the deck at the right pylon
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ADVANCED APPLICATIONS

In the case of a suspension bridge with dead anchors for cables in which decks
(girders) are initially unconnected with hinges while being hung from the hangers and
subsequently connected, the decks are unstressed at the initial equilibrium state. In
such hinge construction, the Beam End Release function is used to release moments
in the decks prior to carrying out the initial equilibrium state analysis using Suspension
Bridge Analysis Control.

When releasing moment about My, only one element at a node is released to avoid
instabilityas shownin Fig. 19.

Hanger
zZ, v
| i' x Rigid
Deck
(a) Unstable model (b) Stable model

Fig. 19 Pin connection of decks

As shown in Fig, 20, j-end of the decks is Beam End Released in the part @®, and i-
end of the decks is Beam End Released in the part @.

Fig. 20 Pin connection of decks (construction stages)
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Completed State and Construction Stage Analyses of a Suspension Bridge

Define boundarygroup
Group tab
Group>Boundary Group>New...

Name (Pin Connection) _ el |

The decks in the parts ® and @ in Fig. 21 are Beam End Released at i-end about
My .

Boundary/ e Beam End Release

Beam End
Release

Options>Add/Replace

[ select window (Elements: @, @ in Fig. 21)
(Elements:204t0211 230t0243)

Boundary group name > Pin Connection

General Types and Partial Fixity>My (i-Node) (on) 4

A W] age Gf% | I new Constraints 7 Effectve Width
8 M # Dn " B [ PanelZone Effects & Defie Labelov | 27
ont Sufac Eastc Ro# Genenl BeamEnd BmmEnd PRteEnd - Boumiry
Lnk Lnk Lnk " Reese Offeis el | o 02 Licl A Tables *
Supparts 5 (3 ReleasalOffsat. I B | Tats |
ol (=)D | (7 411 % G B | T e T I Tl LT o)
Hi e SR
. g
9
g
d
P
] |
o
Q
B
@
@
&
o
]
LA
ey bz
preadreed | _peontemnt
Fazdfrned | Foedhud B
%,
oty Jose. o

Vour maincenacce period expires in 182 day(a).

Fig. 21 Definition of pin connections of decks
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ADVANCED APPLICATIONS

The decks in the parts @ and @ in Fig. 22 are Beam End Released at j-end about

M, .

Boundary/ P4 Beam End Release
Beam End
Release

Options>Add/Replace
"} Select Window (Elements:®, @ inFig. 22)
(Elements:214t0228 246t0253)
Boundary group name > Pin Connection
General Types and Partial Fixity>My (j-Node) (on)

IIG ‘..‘.;a -

9 A @@ hoasmac ) o B g L @ 9 L Constrants 7 Efectva Wt g
T Intergral Bridge [i ranel Zone Effects 9 Define Label Dir
Deme | pont Surace Betx Roc G SemEnt Sy s sy Bowday
Supports | Sping Snmg Lnk Uk B * Mode Local Aus: Tabies *
. | ReleasefOffet He | Tabls |

Lnk
C - a0 A DADEE NN B

AT
1T /, (LDFTE'H T

)

4\ Model View,”

Frour matntenance persod expires in 152 cay(s).

B>
T3]} command wessags {_Froves vessag ]

Fig. 22 Definition of pin connections of decks
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Completed State and Construction Stage Analyses of a Suspension Bridge

Define Structure Groups

In order to carry out the analysis for cable initial shape for the total structural system,
which contains the pylons and decks, using Suspension Bridge Analysis Control, we
need to define Structure Groups for Sag Points, whose coordinates are unchanged,
and Nodes, which need to be updated.

Group tab
Group>Structure Group>New...
Name (Nodes to be updated) _aad |
Name (Sag Points) __*

ks 17 Effactve Wth ';
# Effects % Dafine Labsl Dr
Boundary

& ¥

Supperts Sorng Suppors unk Releasa/0ffsat | 3 Tatks |
o EESTE A SACRNE F A BS

B A @ s

L intergral Brvige.
Defne  Pomt Surce

1]

eces 0 Lpaates
{Esamie 1356 70 by 2}

12| 3] t] o] s
[esmmpam ety
520

. W,‘.,.,,q.-gaaﬁﬁfﬂm mﬂﬂnaw

0] © 5

s

ERIEY T IR

Fig. 23 Define Structure Groups
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24

In order to execute Suspension Bridge Analysis Control, we define Structure Groups
for the nodes joining the cables and hangers and the nodes corresponding to Sag
Points of cables atthe center span.

Group > Structure Group
X Select Identity-Nodes
(2to10, 12to42, 44to52,104to112, 114to144, 146to154)
Nodes to be updated (Drag & Drop)

X Select Identity-Nodes (27, 129)
Sag Points (Drag & Drop)

Boundary

o b g B

4 Generl Sprng

1L intergral Brge (M) % [:!m [t panel 2one€ggts 4 Defne Label or )
Defne | Poit Suface Gt Rod Generd | BeamEnd BeamEnd PotaEnd e .o oy
Suppofts | Speng Spmg Lok Lnk Lok | Relase  Offiers  Reeass o MPOELOGIAG Tables
I

Supparts Spring Supports | Lk Reloase/ Offsat l [ | Tabes |
— SEESDEIAIADEE .

ELLE )| (7] #] | O 5 D) “ [Pron0 1204z 2ag] ¥

1 Nodeato be Lodared [ Node-3 - Bl

b g S et : o
o Nodes to be updated
Drag & Drop g

fesi] |

=]

®

|

g

Drag & Dro &

@ 9 /,\Fj Sag Points ey ;Z;

\ Command Message f Amahes Vassage

Fig. 24 Define Structure Groups



Completed State and Construction Stage Analyses of a Suspension Bridge

Input loadings

The Static Load Case, Self Weight, is automatically generated and entered upon
execution of Wizard. Define a Load Group for Self Weight and modify the Load Group
of Self Weight already created.

Load/ © static Loads| ; () seff Weight gof eight
Load Case Name > Self Weight (Select)
Load Group Name >
Define Load Group > Name>L_G;_ *4 |

Load Group Name>L_G

Self weightfactor > Z = -1
add |

B

() SattiomantiExc. & NodalBody Force [T Blemnent /) Pressure Loads =2 Iniisl Forces
" nstuction Stage (2) Load Tables W (Y HodaiMasses | M ine B Hydustatc Presure | () Assgn Foor Lowds *
CMomgiond (2 Heat of Hydaton T camron. “Lsoached Depl. 1Y Lowtstomuses | B Typal | & Assign Phne Loads =
Load Type Creste Losd Cases. Structure Loads | Wasses. | Beamload | Pressure Load Inkal ForcesfEtc. |

- R B G B BB w enn 22 44 - R - EESPRIB OIOEE NN S

=
(Example 1356710 by 3) :\
g 3| 2] o] L] a
Medfy . o]
== Ay %
il ' #
et =
“te ‘ E]
T :
o
. 5]
]
< n
=]
=]
T—
84 | twats | psen |
Chse.

=
[T [\ ommans Messsge [ Tompmmiomr |l |

Mode-71 UL, 4B G 29LL 0, 24ENI9

= e Az a ] =

Fig 25. Entry of self weight excluding the decks
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ADVANCED APPLICATIONS

§ Since the Weight Density
of the decks is 0, the self
weight of the decks cannot
be considered by the Self
Weight function.

26

Because the weight of the decks was entered 0, we specify the self weight of the
decks. @
Wd (Weight of Deck perunitlength): 4.235 tonf/m (assumed)
Ld (Longitudinal spacing ofhanger):12.5 m
Ignore hanger self-weight

Self weightof the decks acting on the hangers

Deck : Wd/2 x Ld =4.235 /2 x 12.5= 26.469 tonf

Load/ @ Static Loass]; (*+ Nodal Loads Nogaf Loads
"g Select identity — Nodes (54to102 156t0204)
Load Case Name > Self Weight
Load Group Name>L_G ; Options > Add
Nodal Loads
Fz :-26.469

® sutcloads] () sesmc SettamentiEte. g hlﬂ e & nodai sody Force | T Ement | 5 pressure Loads 2 Intil Forces =
) Temp /Prestress (%) Construction Stage () Load Tables ], indal Loacs DY Nodal Nasses Line . Hydrostatic Pressure | (=] Assign Foor Loads =
JMogLoad  (2) Heat of Hydatan e Coiean 1 Spected Depl. b Loads to Masses | B Typieal | & Assgn Pl Laacs
Load Type Structure Loads  Mass=s | Beam Loag Presane load | InkalForcesfBtr. |
R OCEEY SRR BE= PR A HAGEE s L BR
b b= R
g
o}
d
AT AT £4
LT el Lt w\___‘ &
2 E R R EE R EE R Ean - E SRR B RS SRR RN [ B R
— e 0
2
T =
@
@
&
]
3
=
[T 1571, Command Messae J_Ansiyes Vesanie L« o
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Fig. 26 Self weight of decks



Completed State and Construction Stage Analyses of a Suspension Bridge

& Accurate initial
equilibrium state
analysis is performed
for the self weight of
the bridge.

Suspension Bridge Analysis Control

Suspension Bridge Analysis Control executes accurate initial equilibrium state
analysis for the total structural system, which reflects modified pylons and decks,
based on the cable coordinates generated from Suspension Bridge Wizard,
unstressed length and horizontal tensions.

Analysis / M Suspension Bridge Analysis Control
Suspension
Bridge
Control Parameters>Number of lterations ; (10)
Node Group to be Updated ; (Nodes to be updated)
Convergence Tolerance ; (1e-005)
Sag PointGroup ; (Sag Points)
ConstantHorizontal Force of Cable>(off)
Load Case to be Considered; (Self Weight)

Scale Factor; 1 @ N |

=]

e .
Analysis / i2om  Perform Analysis

Suspension Bridge Analysis Control 3

Control Parameters
MNumber of Iterations 10 =

Convergence Tolerance 1e-005

Analysis Method

{+ Inital Force " Optimization Approach
Mode Group to be Updated Modes to be updat *
Sag Point Group Sag hi

™ Constant Horizontal Force of Cable

Main Cable Group Modes to be updated
Horizontal Force 0 tonf

r |

Load Cases to be Considered

Load Case Self weight =
Scale Factor 1
Load Case | Scale | Add

Self wWeight 1 Modify
Delete

Remove Suspension Bridge Analysis Data |

oK | Cancel |

Fig. 27 Suspension Bridge Analysis Control
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ADVANCED APPLICATIONS

@ The values of Initial
Forces calculated by
Suspension Bridge
Analysis Control can be
readily checked in
tables by right-clicking
in Works Tree.

28

Upon execution of Suspension Bridge Analysis Control, Initial Forces (Large
Displacement) are calculated, which are used to represent the initial equilibrium state
in large displacement analysis and construction stage large displacement analysis.
Initial Forces (Large Displacement) includes Initial Forces for Geometric Stiffness and
Equilibrium Element Nodal Force. Initial Forces (Small Displacement) are calculated,
which are used to represent initial equilibrium state in linear analysis. Initial Forces
(Small Displacement) includes Initial Element Forces. The calculated values can be
checkedin tables.

® gl ” L @
Load / [© texd Tables] morees  INitial Forces for Geometric Stiffness
Geometric Stiff.

Load /(®) stetic Loads ) &' Initial Forces ™ |njtia| Forces / Large Displacement /==
Equilibrium Element Nodal Force .1

Load, ® static Loads|, = Initial Forces = |jtig| Forces/ Small Displacement/

= Initial Element Forces .

Initial Forces (Large Displacement)

Initial Forces for Geometric Stiffness

This is used to represent initial equilibrium state in construction stage large
displacement analysis and large displacement analysis. The program internally
generates external forces, which are in equilibrium with the entered member forces
as well as the initial forces. Once the initial forces are considered for formulating
geometric stiffness, the data is ignored in linear analyses such as completed state
analysis.

Equilibrium Element Nodal Force (used in construction stage analysis)
Equilibrium Element Nodal Forces are used spedifically for backward construction
stage large displacement analysis. Without loads, which are in equilibrium with
these nodal forces, the nodal forces cause deformation. The nodal forces are
ignored in large displacementanalysis having no construction stages.



Completed State and Construction Stage Analyses of a Suspension Bridge

Initial Forces (Small Displacement)

Initial Element Forces

Initial element forces are considered in formulating geometric stiffness in completed
state linear analysis. This data is ignored if large displacement analysis is carried
out.

Settement/Etc
) Consiruction Stage (5 Load Tabls
) Heat af Hydration

® seFweght &~ ModslBody Force | [T Blement | ) Pressure Loads =2 kil Forces ~
(% HodalLoads (% Modal Masses I e B, Hydrostatic Pressure (=] Assign Floor Loads ™

stEcld Ungloal | ) g el L8 Loadstobases | A& Typial | & Assign lane Loads +

Combinons |~
Create Lozd Cesss Strucire Luats | Wases Pressure Load

7583000 - 3010564001 | 1.2426e-008 5.2088e+001

S2088e+001 | B151c088| ] 000 | AN 008 | BTG9O |
72696001 6746%+001 | 24168008 726960001 | 59503008 76567e+001
2393001 TE5ETe:001 | 536630009 £ 10062002| 7.18630| 2393001 | 990280010 7958084001
24372001 T9562e4001 | 126000008 | 42039000 68548l 2432 001) 15731003] 76sl6ext0t
734722001 TS50 | 206620006 | 32420e002| 35743 T3T2e001] 72051e003] 67319001
E 120434000 67319e+001 | 268050006 | 22230e002|  4121%10| 12443e+000| 140102006 | 5 1763e-001
= 17aMe= 000 SATBIH01 | 293916006 11428002 10T 008| 1ToMe000| 152600008 | 2453001
i E Z Beam 212 2010 |2 365804000 28053001 | 406520006 | 0.0000e+000| 22064e 0| 23658e+000| 116510008 | 0.0000e+D00
Lo Beam 213 0000004000 | 324Me011) 5810002 000006+000 | 27703008 0.0000e+000| 3261011 5842000 35918:008] 7311601
= [T e 4
« T Secon:5 Beam 21| 32%e001| AEIET0N0] 44634002 T3T16001]  27009e008| 323382004| 1G087=010| 446Me002| 52463 008| 12090e+000] |
= & Sondses Beam 706 6040001 | 1402e010] 31314002 1289902000 | 281092006 | 604400004 | 1404260| 313746002 353042008 16a22e+000
= & Sppors: 10 Beam 206 054%e00t| 385t5e012] 17619002 166224000 | 266400006 | 54950 004| 30515002 176196002 3 1612008] 19057ex000
e Beam 27| 104910003 | 38001010] 59576003 19057e+000| 264760006 104910003 | 38007edi0| 59576e003| 3 M7ae006 1600 |
= Beam 20 1100003 | 22133010 26624003 196026000 | 240860006 | 1.1T00:003| 22109010 266Me 03| 28312e008] 19469000
= K Agdlik:43 a
=3 clok Beam 7| 125003 2238e0i0) 74898003 860000 26067008 20736 0i0| TARMeON3| 2760008] 1sswestil) |—
= [ Sl o Cane 1 S Wit S eam B [T e e e E o+
B 20 123e003| 2603010 87345003 185203000 | 25308008 26048 010| 87945003 22965-008] 174334000
= eam e e o e e A8 o3
1) S Lomd Coe 2107 - Sc ol |5 1| 12049008 446M=011| 72198003 1740000 | 227192 008 44674 0T1| 721992003 18672008] 16530e+000
=i ;ﬂ:iw = Beam 22| 116660003 | 6ETa0e011) 36397003 1653022000 | 20120008 780011 353912003 17212008 | _160862+000
i EEE L= Beam 20| 11261e003 | 32851011 52166003 16088000 | 18361008 32651e0T1| 152186003 148472008 | 16276+000
24| 10973003 7420100 162764000 | 173536006 4673 010| 742010003 13%6%008] 172060000 |
25 1078500 13506002 1726000 | 13274008 246572010 | 139060002 91429009 | taresomn| |
26 10732003 2 1257002 1.847e+000 | 871560009 24176010 D1257e002 | 74802009 | 21604esll| |
27| 10616003 2 5672: 002 216044000 | 33399008 2040 010| 256726000 | 18235008 | 248135000 |z
28| 34067e003 362T1ex000 248134000 | 756336010 91633 010| 3627124000 362192008] 4285704001
28] 34067e003 E ] L7701 | 16434e 008 23283 010| 3627124000 356426008 | _248132+000
20| 109166003 256726002 248134000 | 126250008 53%edil| 256770002 15642009 ] 216045000
1| 10732e00 212570002 | 666720003 | 2 1604+000 | 4 35950009 27460e010| 212570002 666720009 | 18947e+000
7| 10785e003| 59419010 1335e002] 9583e009| 18M7es00)| 7Z317e010 5910 010|  136e 002 958340009 17206e+000
z 0] 74201003 ] 124200008 | 17206e+000 | 59018008 21| 74201003 1240:008] 162i6es0l0] ~
Initial Element Force,

Command Message §_Aralss Vessege |

Fllsl (] | mr

Fig. 28 Initial Forces Tables
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ADVANCED APPLICATIONS

30

Remove Nonlinear Analysis Control Data and Suspension
Bridge Analysis Data

Linearized finite displacement analysis is sufficient for the completed state analysis,
so it is carried out as such. However, because initial equilibrium state analysis is
carried out by nonlinear analysis when Suspension Bridge Wizard is executed,
Nonlinear Analysis Control Data is generated. We now need to remove Nonlinear
Analysis Control Data to perform linear analysis. Also, once we obtain member forces
to formulate geometric stiffness through Suspension Bridge Analysis Control, we can
then remove Suspension Bridge Analysis Data to perform completed state analysis.

Analysis / Noninear  Nonlinear Analysis Control...
Femove Nonlinear Analysis Control Data | N

e

Suspension

Analysis/ “aege  Suspension Bridge Analysis Control...
Femove Suspension Bridge &nalysis Data I J

Manlinear Analysis Control @

Monlinear Type

v Geometry Nonlinear [~ Material Nonlinear

Iteration Method

+ Newton-Raphson " ArcLength " Displacement-Control
MNumber of Load Steps : 1 =i
Maximum Mumber of Iterations/Load Step : 30 =

Convergence Criteria

[~ Energy MNorm : 0.001
[ Displacement Morm : 0.001
[~ Force Norm : 0.001

Load Case Specific Monlinear Analysis Control Data

Load Case | Add

Modify [Show

Delete
@nlinear Analysis Control Data O | Cancel |

Fig. 29 Remove Nonlinear Analysis Control Data



Completed State and Construction Stage Analyses of a Suspension Bridge

Suspension Bridge Analysis Control @

Control Parameters

Mumber of Iterations 10 =l

Convergence Tolerance I 1e-005

"Analysis Method ‘

£+ Inital Force ~ Optimization Approach

Node Group to be Updated Nodes to be updat VI

Sag Point Group Sag b

[~ Constant Horizontal Force of Cable

Main Cable Group INodes to be updated VI
Horizontal Force I 0 tonf

I Define Girder Z-Displacement Condition |

Load Cases to be Considered

Load Case Self Weight d |

Scale Factor 1

Load Case | Scale | Add |

Self Weight 1 Modify |
Delete |

N PRemave Suspension Bridge Analysis Data |

oK I Cancel |

Fig. 30 Remove Suspension Bridge Analysis Data
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32

Remove and Modify Beam End Release Conditions for Deck

After initial equilibrium state analysis, completed state analysis is perfomed with the
decks being connected. As such, we now remove the Beam End Release conditions for
the decks.

Tree Menu>Works tab
Boundaries>Beam End Release>Type 1 : Delete |
Boundaries>Beam End Release>Type 4 : Delete .|

BERIER -

B %2 v 8806 # ¥ H

o B 5 Analss Ootions
Man Ct I P-Deka Budking Ei e Heat of Mo Naonkn, « S Boundary Ch: Am. p_‘mflﬂﬂ‘\ﬁﬂlw
an Control | P 9 Exenabie Heatof Mowg Norinear Conructon Suspenson Bounday Change Approrate | Perfom o

D: raton Stage Assgnment . Tendon Losses | Analyss ES) IMOTE Adalss Resut

ata
Main Corttrol Analyse Contral | Perform
DIFEHIIEGE 47 CiBESPEIA DACEE N ARG
b sase Iy
(=]
el .
: . d
5 £ Swets: T T +
A Tys 1[111111) il I
il s \H T e 7|
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L — 8
= 3, Piga Lk &5 Select Asigned Bements Plus @
BTt d o pignedoments &
Unceect B
|

[4] [ [\ Comemand essage £ Gasyss essase |

Fig. 31 Delete Beam End Release



Completed State and Construction Stage Analyses of a Suspension Bridge

The pylons and decks are connected to carry out the completed state analysis. So
we remove the Beam End Release conditions for the decks.

Tree Menu>Works tab
Boundaries>Beam End Release>Type 1 : Properties |
My (i-Node) (off)
Boundaries>Beam End Release>Type 2 : Properties |
My (j-Node) (off) 4

w BEREIER
29

e g z ) 1)t Aahse Optons
B %2 88H 2 ¥ B o B
Man Contol | PDsts Bucking Egemakie Heatof Momg Meninear Consimcton Supenson Bounday Change Appommate | Perform
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TRHE®IBDIE® 'Y 7% SEES PRI HICEE LB
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Hi b= IR
a
| a
R «
oeima = . o)
ootens g
[T =
Geners Types and ol Fsy ¢
T T ®
sl Tree 2
P — = ALl - o
@
= ®
Selct Asigned Bments o
Select Asigned Eements P @
Unsalect esignad Hements n
Unselect 84 =
Active Assignad Biements ]
Active sigred flemerts has
eactive csigned Bemens
Actve
Delete
i Tipe 15 Moser odess DVFIS oy | g | F v
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I
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Fig. 32 Modify Beam End Release
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34

Input center span stay

At the center part of the center span, we model the center stay, which will equalize
the movementof the girders and the main cable in the axis of the bridge. The
structural type of the center stay is normallya center diagonal staytype or a linking
type. In this tutorial, we will model the center stay that connects the girders and
cables using the Elastic Link function.

" Node Number (on)

Boundary/ M Elastic Link

Eastic
Link
Boundary Group Name>Default

Options>Add

Link Type>General Type>SDz (1e11)

2Nodes (27,78)

Copy Elastic Link>Distance>Axis>y (on)>Distances (11) J

9 - 4 GeneralSprng M ;.[m e E. ﬂ:\ [Euq ns 7 Effectye Width g

T intargral brdge Fanel Zone Effects 3 Dafne Labe! O

Ueﬂne Far suﬁne Ehfx Rigid Eenenl Bﬂlr\E: EewEnc :’.\e[nd % Boundary
Lok Tables *
imm I Lk unmmu B 1
== EE VD E % 3 5 BEEEETIEER LT (B S
N

b s CR

- =l E This image cann, rrently be
T oo displayed. (

E?

gi

i
J:
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Zoom Window m—
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Fig. 33 Connection of Deck (main girders) and cables



Completed State and Construction Stage Analyses of a Suspension Bridge

Input Load Cases and Static Loads

In order to examine the behavior of the suspension bridge atthe stage of the
completed state, we assume static vehicle testloading and inputthe staticloads as
showninFig. 35. We firstgenerate staticload cases as shownin Fig. 34.

Load/ @ Static Loads| / Static Load Cases

Static Load
Cases

Name (LC1) ; Type > User Defined
Description (Static Load Test)
Name (LC2) ; Type >User Defined
Description (Static Load Test)
Name (LC3) ; Type > User Defined
Description (Static Load Test)

Static Load Cases ===
Name [ics Add
Case ¢ [allLoad Case | Modify
Type ¢ |User Defined Load (USER) =] Delete |

Description : | Static Load Test

N; Name Type Description
1| Self Weight | Dead Load (D) Self Weight

2|LCt User Defined Load (USER) | Static Load Test
3|Lc2 User Defined Load (USER) | Static Load Test
4

User Defined Load (USER) | Static Load Test

o

]

b

Close

Fig. 34 Define Static Load Cases
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Assume the vehicle weightas 46 tonf, and apply the load at three different locations

as separate load cases.

Fig. 35 Static Load cases

Apply static loads to the main girders.
Load/ @ static Loads| / (*+ Nodal Loads Nogiaf Loads
"% Select Identity-Nodes (231)
Load Case Name>LC1
Load Group Name>Default ; Options>Add
Nodal Loads>FZ(-46)

¥ Select Identity-Nodes (223)
Load Case Name>LC2 ;
Nodal Loads>FZ (-46) .

¥ Select Identity-Nodes (210)
Load Case Name>LC3 ;
Nodal Loads>FZ (-46) 4

36
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@ static Loads %) sesmic %) Settament/Erc. \iﬁ @ sef waght - Nodal Body Force | [T1 Elament | /3 Pressure Loads = Inital Forces *
") Temp.[Prestress (%) Construction Stage (2 Load Tables LE (% odalloads (% NodsiMasses T ine | [ Hydrostatic Presswe | [Z] Assign Floor Loads =
Smoaoad () Heat of Hydraton o 1 Soecfied Dspl 1 Loads toMasses | B Tvoal | & Assn Pl Loads *
Load Type Structure Loads | Masses Beam Load | Pressure Load | Inkal Forces/Ete. |
AR TEHZ’E‘IEHJW%!‘Q_U\ ) CEESDNF N AREE N AR
a x

ki s Sl

Select Identity-Nodes g:

:

P ;misﬁg ffﬁfj g

e @ﬁmﬂr =

IThe project will be saved by the auto-sw

ve festure.

>
[ 4]4]5 I\ Command tessage £ Znwysa iessase | el |

e o el ] e

Fig. 36 Input static load (LC1)

Perform Structural Analysis (Completed State Analysis)

We will perform structural analysis as the modeling for the completed state analysis is

now completed.

[24)

Perform
Analysis/ #anavss  Perform Analysis
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Review Results of Completed State Analysis

Static Analysis Results

Review displacements and member forces for the three staticload cases.

Review deformed shape

) Front view

Result/ H Deformations ~ ; [ Deformed Shape...
Load Cases /Combinations >ST:LC1
Components>DXYZ
Type of Display>Undeformed (on) ; Legend (on) J

4 Reactions © 9 Stresses - B BeamjEkment - B & Infl. Lies ~ HResuks | %€ Cable Control = ﬁ @

- B Lcloredin. i o fetn.. | & Inflo, Sufaces ~| B T.H Graphy/Text ~ | | Camber/Reaction —

* 4+ Reducbin Noment GalResstsof S| ) Movig Tracer ™ /Step Graph | 1 Tendon L . Output | Tables -

Detad Mongload | Trme Hetoy Brdge . Tet | Tabks |
FEACTRY C - PES DN AICGACEE XL EAR

peGrter | Tet | Resuls

Review deformed shapes forload cases 2 & 3 using the same procedure.

Result/ £l Deformations - ; [ Deformed Shape...

Load Cases /Combinations >ST:LC2
Components>DXYZ

Type of Display>Undeformed (on) ; Legend (on)
Load Cases /Combinations >ST:LC3
Components>DXYZ

Type of Display>Undeformed (on) ; Legend (on)
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Completed State and Construction Stage Analyses of a Suspension Bridge

Review displacements in a tabularformatat the loading locations.

T
Results / ResultTables / Displacements

Results
Tables ~

Records Activation Dialog>Node or Element>210 223 231
Loadcase/Combination>LC1, LC2, LC3 (on)

0.000000 | 0.061272
2311 | 0.001502| 0.000000 | -0.031367 | 0.000000 | 0.002232 | 0.000000

=] 0.000000 |_0.000000 | -0.314579 | 0.000000 | 0.000000 | 0.000000
21012 | 0.000905| 0.000000 | 0.045253 | 0.000000 | 0.00002¢ | 0.000000
2312 | 0.050267 | 0.000000 | 0371234 | 0.000000 | 0.000110 | 0.000000
231 1C2__ | 0.051755| 0.000000 | 0031236 | 0.000000 | 0.003262 | 0.000000
210103 | 0.004650| 0.000000 | 0243508 | 0.000000 | 0000052 | 0.000000
223 1C3 | 0.015600 | 0.000000 | 0.045857 | 0.000000 | 0000325 | 0.000000
231163 | 0.015708| 0.000000 | 0.062533 | 0.000000 | 9.000000 | 0.000000

1 Records Activation Dialog =

Mode or Element

[T uospicenens / I o[

Fig. 38 Displacement table
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Review bending moments

Review bending momentsin the deck.

Results / 1 Forces ~ /5| Beam Diagrams...
Load Cases/Combinations>ST:LC1 ; Components>My
DisplayOptions>5 Points ; Line Fill
Type of Display>Contour (on) ; Legend (on)

Gt neacons - Bfsvesss-  Eseameementc | L wosestapes: b bfinesc | ki THRsuksc O coblecontel - ]
L | [ beformaties - £ Dagam = | - Local Drecton. A o, Sufoces | [& TH GraphTeat ~ | CanberfReaction * L
Combeaton [PEROTE ] £ WY Resuts - 4 Reducton Moment 2 moveg Tracer -

oAl 2| Truss Forces... et I Wode shape Wowglod | TreHemy | Brige.
— -3 Gy M T-EFr

HE @008 08 €30

1 Hode View : 1]

frotas socoTion TIME..: 2.4 (SEC)

Fig. 39 Bending moment diagram for Deck (LC1)
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Review axial forces

Review axial forces in the main cables.

Result/ 71 Forces ~ / fa Truss Forces
Load Cases/Combinations>ST:LC1
Force Filter>All
Type of Display>Contour (on) ; Legend (on)

e Gt banert s L o s foinfutnes | b THRemts~ U cabl Contal - =
L | ] efomations < 4 Dagam = H- Locl Drectin. o T, Sutaces *| 5 T4 Graph/Test = | CanberRsacin * 2 | e

5 et | Resits

Taes

oo [V EoL 3 H Resuts *_ - Reduction Mament 3 Movag Traces ~ s
atio Detal | Mot shape 17 Mowng Load Tane Hetory. Bndge Text
% @1 % zns - EES PRI HA0EE SN

LG

! Beam agras.
£ pote ForceyMaments L Sk
£ pite st e Dagram

% comor | [ oefom .|
e L B ged L o
irimste .| [ Undeformed %

i
s|i-
B0 =E008 08 £5

&
\y/\
@
1 , Model View : 1/
Ol SUUTION T2 2.4 (SEE)

Fig. 40 Max tension forces in the cables (LC1)

41
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Review the cable axial forces in tabular format.

Results / Tones - ResultTables / Truss / Force
Records Activation Dialog>Node or Element>
Select Type>Material>1: Cable m
Loadcase/Combination>LC1, LC2, LC3 (on)

Force | Force-t =
Bem | Load | “gong | oan)
¥ 0T [15412574 | 15485257

2[Lct [1s8e7148 1sss7ser
3[Le1  [1s623184] 15634528
4[LC1 | 15704988 15717281 _
S[LC1 [ 15792638 | 15805801
6[LC1 [ 18a5180 ] 1580.0255
T[Le1 | 1596.5674 16000864
B[LC1 | 1608.1223 ] 16107130
S[LC1  [18202%60 | 16218787

10[LC1 | 16320718 16338465 Y Records Activation Dizlog =
T1[LC1 | 1se0s00z | 15sndaes
12{Let 1581.2005 | 1579.8774 Mode or Element: Loadase Combination

T3[C1__[T572.1508 | 15708200 —
i e 8| _rere | v | e | PERTERED
TE[LCT|isse0izt resesees — o]
16LC1 | 15488957 | 1567.9408] —

TT[LCT | 562,404 15415406
16[LC1 | 1535329 1535.7608
19LC1 | 15312786 | 1530.5087
20[LCT | 1526620 1560522
21|LCT | 15026184 15221196
Z2[LC1 | 15192080 1518.8001
23[LCT | 15164130 1516.0858.
26[LCT 15142020 15140155

25 |LC1 [ 15127187 | 15125829
26|LCT | 15119284 | 15118730
27[LC1 15118730 1511828
26LCT | 15125628 15127187
Z9(LCT [ 15140155 | 15142420
30[LCT | 1516.0958| 15164130
31|LCT | 15188001 15192080
32[LCT | 15221186 15226184
3BLCT | 1506.0522 | 15066420
3[LCT | 15305987 | 15512796
3|LC1 | 15357608 | 15065329
FLCT | 15415406 | 150240000
37[LCT | 1547.9408 | 1546.8957
BLCT | 1554965 | 15560121
3[LC1 | 15626214 15637589

0[Lc1 [15T092m [ 15721508 lj
»

[ 1+ ]\ Truss force / L«

4 Result-{Truss Force]/ >

Fig. 41 Table of tension forces in the main cables

* The above output of axial forces shows the additional axial force in the cables. At the
initial equilibrium state, tension forces due to the selfweighthave already occurred.
Therefore, the total member forces in the cables and hangers then become the
summation ofthe above axial forces and the Initial Force for Geometric Stiffness

introduced during preprocessing.
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The following procedure will generate the total axial forces, which include both the

initial forces and additional forces determined previously.

Load / = Initial Forces ™ /Sma|| Displacement/t% Initial Forces Control Data
Add Initial Force to Element Force (on)
LoadCase>LC1

Initial Force Control Data @
[+ Add Initial Force to Element Force
Load Case : LC1 - J
u
LC1 J
L
Load Case | Scale |

il

v Check to Reflect Initial Axial Forces into Geometric

Stiffness
OK | Cancel |

Fig. 42. Initial Force Control Data

24

Perform
Analysis / Anavss Perform Analysis
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Review the cable axial forces in the tabularformat.

Results / ResultTables / Truss / Force

Results
Tables ~

Records Activation Dialog>Node or Element>
Select Type>Material>1: Cable _fieplace |
Loadcase/Combination>LC1 (on) J

Forced | Forcas
Fem | Lowd | o | poon)
3 5] 1547 2974 | 15485237
15547148 1585 787

2
3[LET | 15623164 | 15634528
a[Let [ 157040881571 T200
5|LC1__| 15782639 | 1580.5801
0
7
8

LCT__ | 15886180 | 1500.0255 |
LCT__| 1580.5674 | 1600.0664
LET | 1609.1223 | 1610.7130

5LCi | 1620258 | 1621 78T
T0[LCT__| 16320718 16338468 £ Records Activation Dislog [=
T1[Let | 15508002 1588 4844

EHE] _|_|_5m.2006 15790774 Mode or Bement
T3[LCT | 15721508 | 1570.8201 .
1a[Let | isma7sne 1ss2m21a A Nove | twerse | prev
15[LC1 | 1sse01a1 [ 15468 e o] [wmwmm
18 [Ler 1548 8957 | 1547 8408 ement o2 10212183

T7[LC1 | 15624080 | 15415406, e

TB[LC1 | 15365329 15357608 |
18[LCT | 15312708 15308887 el =] s |

H

20 |LC1 1526 6420 | 1526
] 15228184 | 1522.1196 2 : Hanger 4
3 iDeok

Z2[L61 | 15182000 | 1518.0001

BLE1 15164130 15160958 Bk [
2¢[LC1 | 1514ze20 [ 15140158

- I | ttersect

as[ic1 | isiarier | 1stasezs

S5 [ior it
F7[ccr [ tsTiar[ i)
Ss[ici [ isi2ssss| si2ier
e e —x | o |
oic | isimessa e 0
3t [Let st [sraameo
Safici s Teaeies
Lot sz sas s
Lt esmsosy | 1sr s

B 115357608 [ 1536 5328
36 [LCT | 1541.5408 | T4z 00
E1 5] 1547.9408 | 1548 8957
se[Lct | 1554 9885 158802
wict

40 [er 115708201 | 1572.1508 |

«[» |\ Truss Force ]«

i

B
g
i
4

+ VD Fesutt (Truss Forcel/

Fig. 43 Sum of initial forces and additional forces in cable
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Modeling for Construction Stage Analysis

A suspension bridge is relativelyunstable during construction compared with the

completed state. Therefore,geometric nonlinear analysis (large displacement

analysis) mustbe performed instead oflinearized finite displacementanalysis or P-

Delta analysis. Moreover, construction sequence analysis is warranted to reflect the

forces and displacements of previous stages in the subsequentstages.

In this chapter, we will perform a backward construction stage analysis for the

construction ofa suspension bridge starting from the completed state analysis model

that was created earlier. The backward analysis sequence used in this tutorial is

showninFig. 44.

EaModel View
Completed state

Backward Construction staae 1
Pin connection for
the deck

Backward Construction staae 6

Backward Construction staae 7

Fig. 44 Sequence of backward construction stage analysis
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ADVANCED APPLICATIONS

Assign Working Environment

To generate a construction stage analysis model using the final stage analysis model,
we firstsave the completed state analysis model data under a differentfile name.

E-, Save As (Suspension Bridge Construction.mcb)

To generate a construction stage analysis model, the following should be added to the
completed state analysis model.

Modeling
» Define construction stages
Define elements, boundaryconditions and loadings pertaining to each construction
stage.
» Define Structure groups
Group elements thatare added / deleted at each construction stage.
» Define Boundary groups
Group boundaryconditions thatare added / deleted at each construction stage.
» Define Load groups

Group loads thatare added / deleted at each construction stage.

Analysis
» Nonlinear Analysis (geometric nonlinear analysis)

» Construction Stage Analysis
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Completed State and Construction Stage Analyses of a Suspension Bridge

@ Define the names of the
construction stages
using the same prefix
and different suffix
numbers.

@ When generating output
for each construction
stage, the output for
each construction stage
is saved and produced.

Define Construction Stage Names

Define construction stages for backward construction stage analysis. First,define all

the names to be used for the construction stages byusing the Construction Stage

dialog box. Then, define Structure Groups, Boundary Groups and Load Groups

pertaining to each construction stage, and assign each group to a corresponding

construction stage.

In this tutorial, there are eight construction stages defined including the completed

state as shownin Fig. 45.

Load/

Define

C.S

Construction Stages__ === _|
Stage>Name (CS) ; Suffix (0to7)
Save Result>Stage (on) ®

LY SETEIIET] S5 7% Y J!L‘ﬂtf Define Construction Stage

Construction Stage

Name Duration | Date Step Result

C50 o 0 1}
Ccs1
cs2
C53
C54
C55
C56
C57

Stage
Stage
Stage
Stage
Stage
Stage
Stage
Stage

coooooo
coocoooo
coocoocoo

58

Add

Insert Prev

Insert Mext

Generate

Modify /Show
Delete

Close

Define Construction Stage @
Stage
o @
Suffix
Duration 0 = dayls)
Additional Steps
Add Delete
Day : 4 Q
o ( Example: 1,3, 7,14 ) M M
il Step Day
Auto Generation
Step Number : 0 Eli
Generate Steps
Save Result
[ Additional Steps
oK. | Cancel | Apply ‘

Fig. 45 Define the construction stage names using the Construction
Stage dialog box
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48

Assign Structure Groups

Assign elements, which are added or deleted in each construction stage, to the
Structure Groups. First, create the name of each Structure Group, and then assign
the corresponding elements.

Tree Menu>Group tab
Group>Structure Group> New... (right-click on Structure Group)
Name (S_G) ; Suffix (0, 2to7) 4

) suticLoads  (F) S P yE. P-\ Hf U
Temp.Prestress [ (@) Construction stage | (%) Load Tables. Iy} J —
Maving Load Heat of Hydaton b

1) ) Jﬂ @ D
| T s
B e
§ :ziﬁﬂ‘] i E
WW g
i
=
@)
|

Vour aaimvensnce pecicd expices ia 162 dayial.

Fig. 46 Define Structure Groups
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Assign elements, which are added/deleted in each construction stage to a
corresponding Structure Group. At the completed state - final stage (CS0) and the
stage in which the deck is pin connected (CS1), the corresponding elements are
identical, and only the boundary condition is changed. Therefore, we will define the
construction stage as Structure Group S_GO.

Tree Menu>Group tab
® Select All
Group>Structure Group>S_G0 (Drag & Drop)

Statc Loads sesc 2
%) Temp/Prestress | @) Construcson Stage | () Load Tables o =)

DmomgLead (3 Heat o wydatan Dafe Comooste | ESLads

Construction Stge et |

BESDEIA SAaQEE X LB

S0

N

0o e

Drag & Drop

...d"r‘[ﬁ_g—-/p)/ LLJ‘_EIDJ}TI_W: st JT-l’l' MMMTL

= E0060 00 €90

Fig. 47 Define Structure Group (S_GO0)
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Define the deck and hangers, which are deleted in the backward
construction stage CS2, as Structure Group S_G2.

% When selecting elements, all Tree Menu>Group tab
elements intersected by the [ Select Window (Elements: Fig. 48 D, @)%

selection window can be

selected i the selection Group>Structure Group>S_G2 (Drag & Drop)
window is created from right S G2>Inactivate @
to left. -

@ To define the structure group
precisely, inactivate the
previously defined element
group to prevent it from being
selected in another element
group.

A ® 1 F 3015 5 G| "% 2541601962 - ¥ Grsaiszisi2- = b b A D3 -Q 0| 8 N e

Drag & Drop ®
\'_il
I TT s T e e
Assign ¢
Assign Plus E
Assign Minus Inartivvata- Q M2 =]
=]
Select o
5]
— mﬁﬁmfﬂﬁmﬂm X
Active ] | =
Inactive -
Delete
Rename

Y
I ‘/(‘-\J

T Pt Vievs v

ftous mainzessace pericd expires in 183 day(s)

Fig. 48 Define Structure Group (S_G2)
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Completed State and Construction Stage Analyses of a Suspension Bridge

Define the deck and hangers, which are deleted in the backward construction stage
CS3, as Structure Group S_G3.

Tree Menu>Group tab
[ad Select Window (Elements:Fig. 49 @, @)
Group>Structure Group>S_G3 (Drag & Drop)
S_G3>Inactivate

Dsatciads () seamc Sattimar N L 2
© rerg rooen S coam ] Ot s L E)
EmongLaad () Heat o Hyaaton T
Constructon SiageOta |
By (8] "w, 5061 950099 1 - ¥ 5660 941098 1 - 17 [ G
- ) - —
e Drag & Drop
1 Nodes 1o be odated | Node=30 . B
a
,_,_IT IBneSS TS S - ]—:L_, . E
©) ®
Assign Plus o
5 . =
Assign Minus [
Select . %
Unselect Inactivate: S_G3 2
&
Active s
=
Inactive M -
Delete l J
Rename

®
9,

@

4 Model View,

foir saincensnce pericd exprres in 162 dayiz).

Fig. 49 Define Structure Group (S_G3)
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Define the deck and hangers, which are deleted in the backward construction stage
CS4, as Structure Group S_G4.

Tree Menu>Group tab
QA Zoom Window (Fig. 50 D)
[al select window (Elements:Fig. 50 @)
Zoom Fit
QA Zoom Window (Fig. 50 ®)
[l select window (Elements:Fig. 50 @)
Group>Structure Group>S_G4 (Drag & Drop)

S_G4>Inactivate

i B

B _EESURIZ HIOEE L BE ﬁ
ag & Drop .

@/ T - ‘LLU__‘IG%

,,,,,, 4

R ] This image [x] This image
: cannotjcurrehtly a rently

=

Sertamant/Erc

@ @
Inactivate: S_G4

AL=00080I0R: ¢l BLe50

ftous mainzeasace pesiod expizes in 1632 dayls).

Fig. 50 Define Structure Group (S_G4)
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Define the deck and hangers, which are deleted in the backward construction stage
CS5, as Structure Group S_G5.

Tree Menu>Group tab
[ select Window (Elements:Fig. 51D, @)
Group>Structure Group>S_G5 (Drag & Drop)
S_G5>Inactivate

%) static Loads. %) Sesmc ) settement/Etc. = » i
) Tamg./Prastress | ®) Constructon stage | %) Load Tables L}?’ 34 L'
G MovngLead ) Heat o yiation e
Troe I |
- '&E\SIK’.\ B[ % 6hosh BN 1<} 600 Mot - PAS U NI A DAGEE NN B
B | e =4k
Drag & Drop
g
2
s
¥
Activ sl
Deiee . . 2
o Inactivate: S_G5 g
B
&
o
3

Fig. 51 Define Structure Group (S_G5)
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Define the deck and hangers, which are deleted in the backward construction stage
CS6, as Structure Group S_G6.

Tree Menu>Group tab
[ select window (Elements:Fig. 52D, @)
Group>Structure Group>S_G6 (Drag & Drop)
S_G6>Inactivate

%) static Loads %) Selmic ) Sattamant/Etc, = &) 1
() Temp.{Prestress [ @) Construction stage | () Load Tables LH“ Bﬁ L
B MovngLond () e of mtion vefne _ Capeses 5 Loads
I [
TEETIES -5 CEESPMB DACER A B
e
) Drag & Drop 3
X e e a
B et L — e a
P : ST NS - ~— ;
5.6 | Node=36 : Bement=36 _ B 4 T, o
& Goup '
e @ @ ~
Assign Minus d|
Seect B
Unselect 5
Adwe s)
e nactivate: S_G6 2
Deete @
sl El
a
&
a
3
®
@
4\ Model View,/
ey
1 il

Fig. 52 Define Structure Group (S_G6)
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Define the deck and hangers, which are deleted in the backward construction stage
CS7, as Structure Group S_G7.

Tree Menu>Group tab
A Zoom Window (Fig. 53 @)
[ select window (Elements:Fig. 53 D)
Group>Structure Group>S_GT7 (Drag & Drop)

S_G7>Inactivate

® satcioabs @ sesmic Py e T ——
) Ta, eses [ consucton ] ) Lond Tais ;??f i mL
Movng Load (=) Heat of Hydration = ==

Corirucion Sam Oata__ |

b=
e @

.
‘3
4
Y
PR
/
/
/
/
'.‘
/
|
|
\I
A
\
§
/
/
I
f
/
]
5]

Inactivate: S_G7

GAE =008 068 %R

ftous mainzeasace pesiod expizes in 1632 dayls).

Fig. 53 Define Structure Group (S_G7)
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Assign Boundary Groups

Assign boundaryconditions for each construction stage to Boundary Groups. First,
we generate the name of each BoundaryGroup, and assign boundaryconditions for
each construction stage to a corresponding Boundary Group already generated.

V Activate All
Group tab>Boundary Group>New... (right-click on Boundary Group)

Name (B_G) 4
Name (Stay)
Name > (Pin Connection) already exists

(%) Settlemant/Exc

B R O

(7) statx: Loads ) sesmic

(5) Temp, fPreswess [ (®) Construction Stage | (5) Load Tables S S

= e Composte  C.SLoads
Movng Load Heat of Hydraton e

| Constructen Stage Dsta |
1% % @) ¥ CEEYCMIE DACEE X ABE
>/

G
Hodes olbe updsed | Hode:30 : 5

Sag [ Nede=2 : Bemert=0 ] -
560 [ Node=273 ; Bement=278] o]
5_G2 [ Node=6 : Bement=E | *
563 Node=10 ; Bemert=30] 4
Gd | Hode=20 ; Bemert=18] - LY
(B 135671020672 e a

18] 1] 2] 4] | ’tﬂ:ﬂm a

P Corectin vodty i F 2

s — ,ﬂaﬂ-‘-m H cf

{—] peee i | W 1 %
— == ==

i =

@

i

@

]

]

[Your mainsemance period expazes in 162 dayla).

=
[ 4] [+ ]\ Command tessaqe /_inayss Hessege | Jl4|

SF ] 10 o] | [

ot

Fig. 54 Create Boundary Group Names
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We now group boundaryconditions for the pylons, cable anchorages and deck ends.
Using the Drag & Drop function, we change the boundary condition group name
(Default) already defined to B_G.

& setect Al

Tree Menu>Group tab
Group>BoundaryGroup>B_G (Drag & Drop)
Select Boundary Type

%) staticloads (%) Sesmc (2) Satthrment/Etc. : = [H‘ﬂ D
) Tamp.fPresress (@) Constucton stage| (%) Load Tabls —
| Mowng Load (] Heat of Hydration T oy e

el e l 1
= EEITYEEGIE RS ® - Y io2s6 20l - (EES PRIB DIQEE XL BE

a

a

o

L

(e

=]

=1

@

R 5]
Drag & Drop B

foor masncensnce peried expares im 162 cay(a).

=
[ 4] #[» ]\ Command Measage  Ansss iessige |

e s P ol B

Fig. 55 Changing boundary condition group name
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Grouping center span stay

Assign the center span stay, modeled by Elastic Link, as a Boundary Group named
“Stay’”.

Tree Menu>Group tab
&) select All
Boundary Group>Stay (Drag & Drop)
Select Boundary Type>Elastic Link (on) J

= Tie wormontaly
11 Tie verticaby

I view Pore -
5 o Vi

= M-
B o

Y e [ Pt | B cuscate
it GoisSap | Oepby | Wnoow | WniowTe |
- % teasesmosi- CEFES P MIA HADEE| S ARG

[=

&

5.8 [ Mode«36 : Bemert<35] ['3
567 [Neden21 . Boneri0)]

Geup -3 &

o

£ 4

[E=i]

=]

Q)

L=l

=]

5]

A

[l

{r:]

Ffous mistensmce pesiod eapizes ia 182 dayial.

p>
A5 [, commans wesssce {_ s e 7

) ¢l ] T T

Fig. 56 Grouping center span stay
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Pin connections at deck

We assign hinge conditions to the deck in the same way as we did for the completed
state analysis. We specify Beam End Release about moment My at the i-end of the
deck in the parts ® & @ of Fig. 57 and assign them to the boundary group, “Pin
Connection”,atthe sametime.

Boundary/ a;;re;aggd Beam End Release
Boundary Group Name>Pin Connection
Options>Add/Replace
Cal select Window (Elements:Fig. 57 D, @)
(Elements:204t0211 230t0243)

General Types and Partial Fixity>My (i-Node) (on) J

@ A @@ b omalsmo - (L] ] B Lnear Constrants. T Effectwe width |
bave | port sut

I Intargra Brge | e 5 Panel Zone Effects 5 Defne Label OF
e e | % vose Locd s ey,

= Portt Surfac
Supports | Spig  Sprig

 GFERE  Cde

EEEE

@bl =008 00 €9 4

FT‘/k.
]

47\ Madel View/

ices in 182 dayis).

et lessoge {_Hasysi o |

Fig 57 Define Pin Connections at deck
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We specify Beam End Release about moment My at the j-end of the deck in the parts
@® & @ of Fig. 58 and assign them to the boundary group, “Pin Connection”, at the
sametime.

bl
Boundary/ s=meda Beam End Release

Boundalf;%?oup Name> Pin Connection
Options>Add/Replace
|E| Select Window (Elements:Fig. 58 @,®)
(Elements:214t0228 246t0253)

General Types and Partial Fixity>My (j-Node) (on) 4

. 5 Lnear Constrants 7 Effe

poh
= =7 e vr.in [ Fanel zonw efecus o Defne LabelDr |
efne P ghn e, oundary
Spots  Sping o RebeEnd 2 Hode Local s =
Supperts 3 fables |

- s as- (PG D@ DAQBEE 0N BE

2 B #

HLI=0008 08 €3 5

1\, Modl View,

to matnzensnce perics expizes i 182 day(s).

>
[ 4] [\ Command essage { nus iessoge |

o =2 ] [ T

Fig 58 Define Pin Connections at deck



Completed State and Construction Stage Analyses of a Suspension Bridge

¢ The load type that is
applied to construction
stage analysis must be
selected as Construction
Stage Load.

Define Construction Stage Loads and Load Groups

We will remove the loads used in the completed state analysis since theyare not
used in construction stage analysis. Since the loads in construction stage analysis
were not defined in the completed state analysis, we will define the loads for the

construction stages and define the Load Groups simultaneously.

Load/ (® static Loads|/ Static Load Cases

Static Load
Cases

No 2~4 (LC1, LC2, LC3) selected _ LelEte |
No 1 (Self Weight) selected

. 4] Modify
Type (Construction Stage Load)

Static Load Cases =l Static Load Cases
Case Al Load Case > Modify e Modify
Type B |User Defined Load (USER) - ( Delete <) Delete ‘

1 No | Name Type Description w_ * Description
1| Self Weight | Dead Load (D) Self Weight N
2|LC1 User Defined Load (USER) | Static Load Test -
3jLcz User Defined Load (USER) | Static Load Test
» 4 User Defined Load (USER) | Static Load Test
g
\k/ E
Close Close

Fig. 59 Define construction stage static load

We will use the Load Group (L_G) already defined for the completed state analysis.
When elements are eliminated in construction stages, the self weights of those
elements are also eliminated. In construction stage analysis, the Equilibrium Element
Nodal Forces calculated in the process of the completed state analysis are applied to
the member intemal forces. Therefore, the construction stage process is modeled
such that only the deck and hanger elements are eliminated in each stage and their
internal forces are redistributed 100% to the contiguous elements.
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Define Construction Stages

Assign the previously defined structure groups, boundarygroups and load groups to

the corresponding stages. Table 4 shows the elements, boundaryconditions and

load groups thatare activated or deactivated in each construction stage.

Table 4 Element, boundary condition and load group for each construction stage

Stage Structure Group Boundary Group Load Group
Activate Deactivate Activ ate Deactivate Activate Deactivate

CSo S_GO0 B_G, Stay LG

CS1 Pin Connection Stay

CS2 S_G2

CS3 S_G3

Cs4 S_G4

CS5 S_G5

Cs6 S_G6

CS7 S_G7

CSO0: Completed state (final stage)

CS1:justbefore the decks (main girders) are rigidlyconnected (pin connection stage)

CS2 ~ CS7: construction stages in which the decks (main girders) and hangers are

erected (refer to Fig. 43)
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Define the construction stage CS0 (Completed state stage)

_ -
Load /| @ Construction Stage |, Dﬁﬁﬂﬂ Define Construction Stage
erine

5

Name>CS0Q | Madify/Show |

Save Result>Stage (on)
Element>Group List>S_G0 ; Activation>
Boundary> Group List>B_G, Stay ; Activation>
Load>Group List>L_G; Activation> Al J

Add
Add

Construction Stage Compose Construction Stage =
N [Duration_| Date Stey [Resut | = Adeitonl Step:
ame uration | Dat D esul @ - =
cs0 0 0 0 Stage F— Stage o K Day: [0 | oot |
cs1 0 0 0 Stage —I Name : [0 (Bl 1,3,7, 14 ) Modfy | Clear
cs2 0 0 0 Stage InsertNext — s low |
cs3 0 0 0 Stage Duaton: [0 = day)
cs4 0 0 0 Stage Generate Auto Generation
Css 0 0 0 Stage
cse 0 0 0 Stage Modify/Show steptumber : JO =
cs7 0 0 0 Stage Ul ¥ Stage I Additonal Steps o
Delete Generate Steps
Current Stage Information. .. |
Close Element | Boundary | Load |

Group List - [ Dea

Mades to be updated Slement Force

Sag ,ﬁ 100 -

B age: [0 =] dayle) | | Redstrbution o

S_G3

scq Group List Group List

g—gg Name [age [ Name [ Redist. |

o7 5.60 0

-
( Add lodfy | Delete Add Modify | Delete

3 Cancel Apply

Compose Censtruction Stage. =
Stage Additionai Steps. Compose Construction Stage =
Stage : [esa =1 pys [t | pete Stage Addsore Steps
anei [ (Bone:1,3,7,10)  _Medh | _cow | ;= = oor: [0 st | _paee |
= B . Modify Chear
owwn: [0 =R oo Tow | o[ (G 137,10) oot |
Auto Generation Duration O I devts) e Tow |
Save Resut ﬂ Auto Generation
@ Stepumber = [0 Jr—
I~ Addonal Steps. N =
= | — ——
[ Current Stage Informaton | Genera Stzps
Cirrent stage informaton. |
Bourdar
Eement ¥ |vosd | 1
gt =] Actvanon T— _— .
P Comectian Support | Spring Positon opur - o
 Orgrsl @ Deformed ActveDay: [Frst =ldan) | macweay: [Fet =]davis)
Group List Group List [ e
= [ Postion | Hame. — Tosr | — Toer |
(3 Defurmed e Frst
Stay Deformed
5 Doty | _oeke s | osem | <: ‘“3‘1" boes | || s | _waty | _ose
oK Cancel
T | o | ona | s |

Fig. 60 Define construction stage CSO
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Define Construction Stage CS1(Pin Connection stage).

@ i = . P
Load /| @ Construction Stage |, ,&:‘ﬁ Define Construction Stage

Name>CS1

Define
C.s

Modify/Show |

Save Result>Stage (on)

Boundary> Group List> Pin Connection; Activation> fdd

Boundary> Group List> Stay ; Deactivation> J
Compose Construction Stage ==
Stage Additional Steps
stage: ot B bay: o Ak | oeete |
Name : [cst ( Example: 1, 3,7, 14 ) _Modfy | _Cear |
‘ = =8 Auto Generation
Save Result
Step Number : 0 3
[ Stage I Additional Steps e
Generate Steps
T~ Current Stage Information... ‘
E\Emgt Boundary )ad |
Group List Activation Deactivation
BG Support / Spring Position
 Grignal & Deformed
Group List. Group List.
D — Name
Deformed stay
Add Modify | Delete | add | Delete |
oK ‘ Cancel ‘ Apply ‘

Fig. 61 Define Construction Stage CS1
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Define Construction Stage CS2.

Load /| @ Construction Stage |, J}rﬂﬂ Define Construction Stage
Define

Lo
Name>CS2 | Madify/Show |
Save Result>Stage (on)
Element> Group List>S_G2 ;

@ When elements  are ElementForce Redistribution 100%; ©

deactivated, a percentage Deactivation> Add
of the internal forces of the
elements being deactivated Compore Comstraction Stage =
is redistributed to Stage Additional Steps
- . ] Add Delete
contiguous elements. Stage: Jes2 == oay: [0 L sl
Name : [csa ( Bxample: 1, 3,7, 14 ) Modify QC‘EE'
Duration 0 =1 Step Day
wraten ‘ = vl Auto Generation
Save Result
¥ Stage I Additional Steps ot ||
Generate Steps
Current Stage Information... |
Biement | Boundary | Load |

Group List J gcinatay

Nodes to be updated Element Force

gagn age: [ =] dayte) \| Redistbution:  [100 =5 o

S:gi Group List .

g—gé Name Age

5 G7

Add Modify Delete: Add Modify Delete:
oK | Cancel ‘ Apply ‘

Fig. 62 Define Construction Stage CS2
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For efficiency, we willuse the MCT Command Shell even though the remaining
construction stages (CS3-CS7) can be defined using the same procedure as above.
Repetitive inputsuch as defining the construction stages can be easilyinputusing the
MCTCommand Shell. The techniques used to inputthe construction stage
information by the MCT Command Shell is as follows:

TOOIS> MCT Command
Shell

Command or Data (*STAGE) _mertsts |

7] MCT Command Shell o |2 ][5
= E Command or Data : ‘ - Insert Command (| InsertData ’ Delete Data
. i -
SAVESTEF ; line 1
STEP=DARY1, DAYZ, ; line 2 F
/: LELEM=GROUP1l, AGEl, GROUPZ, AGEZ, ... s line 3
‘ ; DELEM=GROUP1, REDIST1, GRCUP2, REDISTZ2,)... ; line 4
: BABWDR=BGROUF1, PO51, BGROUFZ, POS5Z2, .. : line 5
\ ; DBHNDR=BGRCUP1, BGRCUPZ, ... ; line &
H ORD=LGROUP1, DAY1, LGROUFZ, : line 7
; DLO. CUP1, DAY1, LGROUEZ ; line 8
NAME=CSd, O, "
AELEM=S GO, 0 il
- - T - T 3
Run Clear | Goto Line : Close

Fig. 63 MCT Command Shell

As shownin Fig. 62, the construction stage information comprises eightlines of

commands. Each command is defined below.

NAME: construction stage name, number of days of construction for the
stage, flag for saving output
STEP: time Step
AELEM: activated structure group and its initial age
DELEM: deactivated structure group and its internal force redistribution factor
for its section forces
ABNDR: activated boundary group and location
DBNDR: deactivated boundary group
ALOAD: activated load group and time step
DLOAD: deactivated load group and time step
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Modify the information for the construction stages CS3-CS7 usingthe MCT
Command Shell as shown in Fig. 64.

7] MCT Command Shell o =[5
*STAGE - Insert Data ‘ Delete Data |
; /ALORD=LGROUP1, DAY1, OUBZ2, DAYZ, ... ; line 8 g
NAME=CSO, 0, YES, NO

NWAME=CS1, 0, YES, NO
NAME=CS2, D0, YES, NO
NWAME=CS3, 0, YES, NO
NAME=CS4, D, YES, NO

O,

o,

O,

m

NAME=CSS, YES, NO
NAME=CSE,

YES, NO
NAME=CS7, YES, NO

3

Run Clear ‘ Goto Line : Close

Fig. 64 MCT Command Shell

After inputhas been completed inthe MCT Command Shell, we then simplyclick the
w button to compose the construction stages with the following messages

generated.

[Warning in line 27 : *STAGE CIDIEIJF |
[Warning in line 30 : *STAGE OIOIEAJH
Warning in line 33 : *3TAGE OIOIEAJH
Eecute ICT comvand - O error(s), 3 ammtng(s) :|
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ADVANCED APPLICATIONS

Confirm whether the construction stages have been correctly defined or not on the
Model View.

L] Display
Boundary tab
Support (on) ; Beam End Release Symbol (on)
Rigid Link (on); Elastic Link (on)
Load tab
Load Case>All (on); Nodal Load (on)

@ Construction stages can
be easily viewed on the Stage>cs3
Model View by simply
selecting the construction
stages using the direction
key on the keyboard, if the
Stage Toolbar is activated.

@

- @ vewpont -

[4) T H [ T o
<] = © et v HLA |~ 2 nea
Red B Pes g o g (g . O e I Previ
Dynamc View | Render View | Sect At GndsiSap | Oeolay | Wdow

— = EEITEEOI BN RG® - BEEEENDERT O TEEr—

= " x = St by Deecton

g
G

£, Corstuction Stge s | Sager| mTers)

5 It Fomoes (Lamge | Qi ar) -
R Sructures a

. Nodes : 237 2
o1 5 Bty 260 ay
[T] Propaties |
2] M a
o T St § =
Sa ]

- Loais
i) ailshdﬂuﬂﬂwdl E
i Lowis
= 5 oo Sagn 8
© B Cs

B >E008 08 €340

™ Cispay by Seection P Dgley by Member Wm—‘*
[ Hdden Labels

oot oo | s |

o concel | oy |

o

[0 15\ Command Wessage {_raves ssase |

Fig. 65 Check the defined construction stage (CS3) shown on Model view
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Input Construction Stage Analysis Data

Select the Last Stage and analysis type for the construction stage analysis. Select
the large displacement analysis option, as the effect of large displacements cannot be
ignored when calculating forces for construction of a suspension bridge. Nonlinear
construction stage analysis is carried out while reflecting the Equilibrium Element
Nodal Forces calculated in the completed state analysis.

Stage>Base

Analysis / Q{{‘? Construction Stage Analysis Control

Construction
Stage

Final Stage> Last Stage (on)
Analysis Option> Include Nonlinear Analysis (on)
> Independent Stage (on)
§ Equilibrium Element >Include Equilibrium Element Nodal Forces (on)“

Nodal Force calculated Convergence Criteria>Displacement Norm (on)
in the completed state

analysis is reflected in
the interna member

forces. Construction Stage Analysis Control Dats Nonlinear Analysis Control ===
Final Stage Nonlinear Analysis
(% Last Stage " Qther Stage CS0 Mumber of Load Steps : n
30 :I:

Maximum Number of Tterations/ Load Step : = |

I Res hiss Convergence Criteria Ergy Norm : o

Analysis Opton / [ Displacement Norm : 0.04

¥ Include Norinear Analysis Noniinear Anal I Fo T.01
&  Accumulat

tage

¥ Indude Equibrium Element Nodal Forces Cancel
itz Effect Or
[ o) |

[ odes to be updated
I~ Indude Time Dependent Effect
= Nodes to be updated
Load Cases to be Distinguished from Dead Load for C.5. Output
r
Load Case :  [seff we
oad Case elf weight =] Load Case & c e
4 Beam Section Property Changes
(g} [
Load Type for C.S. (Erection Load) : Dead Load of Wearing Surfaces an.
Frame Output
=
~
r
Remove Construction Stage Analysis Control Dats oK Cancel

Fig. 66 Construction Stage Analysis Control Data dialog box

Perform Structural Analysis (Construction Stage Analysis)

Now that we have completed the construction stage analysis model, we will perform

structural analysis.

Analysis / @ Perform Analysis

Perform
Analysis
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Review Construction Stage Analysis Results

Review the change in the deformed shapes and section forces for each construction

stage.
Review Deformed Shape

We will examine the global behavior of the structure by checking the deformed shape
at each construction stage. The deformed shape atthe construction stage CS7,

which represents the completed pylons and main cables, is shown in Fig. 66.

@ If the basic Deformation Results , H beformations ~ / [ Deformed Shape...

Scale Factor is too large, ) . .
adjust the factor to view the Load Cases /Combinations >CS: Summation

deformed shape. Components>DXYZ
Type of Display>Undeformed (on) ; Legend (on)
@ Review the deformed Deform 2:d>Deformation Scale Factor (0.2) ® .
shapes for different P
construction stages by Stage Toolbar>CS7

changing the construction
stages by using the Stage

El-a_:-ﬁnl ¥

H Rasubs ™ 2 Cable Contral ‘M E‘.. |§I1

Toolbar.  Mouse wheel or [F2, 55000 Tomnee” s |
S osfermatans * £ Oagram * A . Surfaces ¥ GraphfTest * | = Camber/Reactin = B | b
up/down keys on the | wx Gl S P p—— Bt | Tec | S,
Combinatin Resuks Detsi Mode shape Mogload | TameHstary Bidge | Tem | Taes |

keyboard may be used. e = ; T
% TEHE® S S5%® Y - ¥ LBESPSIA HACESE A BAR

g Ot Deat

Defrmaton Scie Focto: | IR

Defermaton Tz

il G| 5 0 O 1 (1 F £ 9 L

41, Hodel View,

o o b 6] =l

Fig. 67 Check the deformed shapes for different construction stages
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Review the change of the center span sag, which is used as a measure of erection
precision during construction ateach construction stage, by a graph.

Results / [ Stage/step Graph Stage/Step History Graph

Define Function>Displacement> Add New Function |
Displacement>Name (Sag) ; Node Number (27)
Components>DZ

Mode > Multi Func.

Step Option > Last Step

X-Axis > Stage/Step

Check Functions To Plot > Sag (on)

Load Cases/Combinations > Summation

Graph Title > Sag
Graph N

T Rasits™ ! Cabio Contrul - =

be
F - - |& THGaphiText = |~ Camber/Reaction -
B Rk - Moo Trcer - vt | Tem
Gmbran esits | ol Hode #ape Wowg Lot T ety e | Ten | b |

M Sag

‘Define Puncten Displacement

r— e Name: | sag
st ven
Node Mumber: ’27—
voie :
& Wi, ‘wments: Dz < /
/

j‘ﬂ__-m\ oK Cancel /
= Completed State /

Lo Camanmatens

515 T Command snssgn (R ossrge

Fig. 68 Changes of the Sag magnitudes through construction stages
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Determine a setback
Review the magnitude of a setback for the pylons at the stage when the deck (main

girders)and hangers have not been erected.

Results / H defomations */ = peformed Shape
Stage Toolbar>CS7

Load Cases /Combinations >CS: Summation
Components>DX

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

s- K BervBerentt L Mode Shies -

itrol ~ M =)
- 0| G| @
i i | 75 | i

i

e

|
|
- B008 00 €% 08

FIRE

e e ] =

Fig. 69 Review setback value

Setback value

Suspension bridges are designed to have no bending moments in pylons atthe
completed state stage by maintaining the applied horizontal forces in equilibrium at
the tops of the pylons. However, if the cable is erected with the same centerspan
length of the completed state stage, the resulting horizontal forces atthe tops of the
pylons are notin an equilibrium condition,and hence, cable slip will likelyoccur. The
tops of the pylons are relocated (a type of horizontal camber)to set the horizontal
cable forces balanced leftand right. Generally, the tops of the pylons are pulled

toward the side spans bywire ropes, and this is called setback.
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We will now review the horizontal displacements changing with the construction
stages at the top of a pylon by using a graph. As shown in Fig. 69, the horizontal
displacement in backward construction stage CS7 becomes the setback value of the

pylons.

Results / [ stage/step Granh Stage/Step History Graph
Define Function>Displacement> __Add hew Function
Displacement>Name (Right Tower) ;
Node Number (43)
Components>DX .
Mode > Multi Func.
Step Option > Last Step
X-Axis > Stage/Step
Check Functions To Plot>Right Tower
Graph Title (Right Tower Displacement)

Graph o

|mEnzem -

it ; 94 suesas T BoamfEkrant © | & Moda Stapes© e o L b T Resuts * Ei]

. ‘; - {5 Dingram * # Infu. Surfaces ~ | [& TH GrphyTest = | CamberfReaction i A

= . . - :
conearon | ¥ Forcss & Resits o Movmg Trace vt | e
ek ol wode shape Womalod | Tmeneoy odoe Tem | Tabks |

4 Cable Contrul~ =]}

Nods Number: 43

omponents: o -

oK Cancel -

d State Stage

= R IZET] 0 T . I - i
et Displacement Tower Displacement
o : Marne: Right tower qntbaCk Value

Backward Analysis /

Fig. 70 Horizontal displacements of a pylon with changing construction stages

73



ADVANCED APPLICATIONS

74

Review moments

Review the momentsin the deck (main girders)and pylons (towers)foreach
construction stage. It is the characteristic of an earth-anchored suspension bridge that
the deck (main girders) are subjectto no moments due to dead loads during the
construction stages and atthe initial equilibrium state. Whereas, the towers are not
subjectto moments atthe initial equilibrium state with the horizontal forces in
equilibrium,butmoments are developed during construction as shown in Fig.70.

Results/F'I Forces ™ | *.‘| Beam Diagrams...
Construction Stage > CS2
Load Cases>Combinations>CS: Summation
Components>My
DisplayOptions>5Points  ; Line Fill
Type of Display>Contour (on) ; Legend (on) J

4 strasses © & BeamiBlement b Lnes - | 2 T Resits

22 cable Cortal - @ = @

T
S

' Deformatons * {5 bagam * £ W, Surfaces *| [ TH Graph/Text * | = CambegReaction ~ L
P [ P Pt 20 Howng Tack - & sageston G | B e
Resuts. Dkl Mode shape Hoving Laad Time Htary Brilge

CEEITRE® IR IS5 ® FEESDNIA IO EE NN falli}

R Cm
r
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i
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r
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', Model View/

JFcacding Ensed
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Fig. 71 Review of moments at each construction stage
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Review axial forces

Review axial forces in the main cables & hangers foreach construction stage.

Results / F|I Forces = / ﬁﬂ‘ Truss Forces...

Construction Stage > CS2
Load Cases /Combinations>CS: Summation
Force Filter>All

Type of Display>Contour (on) ; Legend (on) .

) i Svosas | T boamarant * L ModnStapss o B THRedtst | U Cabie Conrol -
= ;) & . & T4 GaphText ~ | Camben Reacton *
ooy | WEFOTE T GIHY Resits 6 woma Tracer | [ Staoe/sten Grach

Compraton Resuts Dl Mods shape Movng Load Tme Hitory.
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Fig. 72 Review of axial forces in the main cables and hangers
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Review the change in tension forces in the cable adjoining the top of the right pylon
for each construction stage.

Results / [ Stage/Step Graph Stage/Step History Graph

Define Function>Truss Force/Stress>  Add Mew Function

Truss Force/Stress >Name (Cable Force) ; ElementNo (43)
Force (on) ; Point>i-Node

Define Function>Beam Force/Stress>__Add Mew Function
Beam Force/Stress >Name (Tower Axial Force) ; ElementNo (261)
Force (on) ; Point>i-Node ; Components>Axial

Mode > Multi Func.

Step Option > Last Step

X-Axis > Stage/Step

Check Functions To Plot>Cable Force ; Tower Axial Force

Graph Title > Cable Force and Tower Axial Force
Graph N

I + - E brarySemn & rfutnes” b THRmks T | bl Contol - CINE]
k“ﬂ n = £ Disgeam ~ A T, Surfaces * | [& TH GraphiTest = | | Camber/Reaction = AL =

o Vs @iy - = =
combraten Resits oesal Hods o woma Lsd Tme sy | odne Ton | e |

< A i G g ® AR
_ Cable Force and Tower Axial Force
R ! Cable Force ..

Tower Axial Force

Backw ard Analysis
—_—

ecordiag Ended

[15 15 ]\ Commars essagn £ Fomyes Hessae

e ~— o :_I_l_dJ—Z

Fig. 73 Graph showing the change in main cable tension force at
each construction stage
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Review deformed shape using animation

Review the deformed shapes for each construction stage using the Animation

function.

View/ Hidden (toggle on)

Hidden
Results / £ Deformations - [ Displacement Contour...

Components>DXYZ
Type of Display> Contour (on) ; Deform (on)
Legend (on) ; Animate>_-

Animation Details>Animate Contour (on)
RepeatFull Cycle > (on)
Frames per HalfCycle (5~50)>(8)
Frames per Second (5~50)>(8)
Construction Stage Option>Stage Animation
From>CS0 ; To>CS7

B Record 4

| Close

* b THRemkst | Cable Contml -
[& T4 Graph{Test = | | Camber/Reaction -
& stageistes Grash

ns * 94 Stroses ~ | T, BayBment | L Mode Srapes *
| £ bigam -

Animation Details

Animation Mode
¥ Animate Contour

o [l (% Repeat Half Cyde " Repeat Ful Cyde

coy  ror rog AV Options

Bits per Pixel : [High Color (16 bits) hd
” Compressar...
Frames per Half Cyde (3~300) : 8

Frames per Second (5~60) 8

Cousiualiansiage Option
(% Stage Animation (" Current Stage-Step
From:  [CSO ~| To: fcs7 -

[~ Only Model Animation

Save Close

]l ¢l el ] E—:

Fig. 74 Review of deformed shapes for each construction stage
using the Animation function
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