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Final and Forward Construction Stage Analysis
for a PC Cable-Stayed Bridge (Part I)
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Final and Forward Construction Stage Analysis fora PC cable-stayed bridge (Part I)

Summary

Cable-stayed bridges are structural systems effectively composed of cables, main
girders and towers. This bridge form has a beautiful appearance and easily blends 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 bridge is a bridge type where inclined cables transfer member forces
induced in the girder. High compression is induced in the tower and main girder due to
the structural system. Considering the above features, PC cable-stayed bridges using
Prestressed Concrete material for the main girder, have following advantages:

e High buckling resistance compared to steel cable-stayed bridges because of
the high stiffness ofthe tower and the main girder

e High wind and earthquake resistance compared to steel cable-stayed bridges
because ofthe higherweight, stiffness, and damping ratio

e Concrete cable-stayed bridges are better than steel cable-stayed bridges in
terms of serviceability as the stiffness of main girder is large, and thus the
deflection due to live load is small (resulting in good control of noise/vibration).

e Lowcostandeasy maintenance compared to steel cable-stayed bridges

o Efficient constructability because it essentially consists of cantilevers, and
can be built by constructing outfrom the towers.

e Economical because the minimized girder depth allows large space under the
bridge and this type of bridge allows shorter approach length.

Figure 1. Cable-stayed Bridge



ADVANCED APPLICATIONS

Initial cable pretension analysis considering construction
stages

The dominantissue of the design and build of a cable-stayed bridge is to compute and
achieve the initial equilibrium configuration at the completed state. The initial
equilibium configuration of cable-stayed bridges is the equilibrium position due to
dead load and tension forces in the stay cables. It is called “initial cable pretension
analysis” to optimize the cable pretension in order to improve section forces in the
main girders and towers and supportreactionsin the bridge.

In order to guide the construction of each erection stage, backward analysis is
commonly adopted, in which the bridge is disassembled stage by stage from the
completed state until just before the first pairs of cables are jacked. The forward
analysis starting from any construction stage will predict the states in the successive
stages by simulating the actual construction procedures.

This tutorial uses an example of non-symmetrical, cable-stayed bridges. Ideally in
backward stage analysis, at key segment closure, shear force and bending moment
should be close to 0. However, if backward analysis is applied in this case, non-zero
shear force and bending moment occur due to non-symmetry. Thus, itis impossible to
apply backward stage analysis in this case. In addition, with backward stage analysis,
concrete material effect cannot be considered. Errors due to concrete construction
with time can be eliminated by forward iteration analysis. Sequential tensioning and
erection sequence, as shown in Figure 2, cannot be represented by backward analysis.

On the other hand, forward stage analysis follows the real erection sequence. It takes
more time for the designer as helshe has to conduct trial-and-error analysis to
determine the limiting member forces due to cable tension up to a certain range.

In this tutorial, forward stage analysis is used. In the forward stage analysis, it is
necessary to know the cable pretensions at each construction stage, which give the
initial equilibrium configuration atthe completed state due to dead load.

Figure 3 shows the sequence for initial cable pretension analysis with construction
stages considered.



Final and Forward Construction Stage Analysis fora PC cable-stayed bridge (Part I)

(=
i

&

a) girder installment

b) cable installment and 1™ tensioning

-

.

e

()

'f_.x;,;,,;_m;x:zh' |
|

- ks

~

™~

Lo
=t

X

T

c) slab casting

d) slab hardening and 2

tensioning

Initial cable pretension
analysis starts

'

Final stage
analysis

‘

Assign constraints
satisfying initial
equilibrium state

{

ISpecify design cable]
tension

!

Generate camber fo

igure 2. Construction Stage Cycle

Construction

stage analysis|| o
<+

Construction -
P stage analysis
Adjust cable
l pretension
VeriP/ member T
forces
(NG)
} o

tower and PC girder

Adjust design cable

tension

(MG)

considering
camber

1

Compare final cable]
tension and design

Adj

pretension

ust cable

(NG}

cable tension

l (0K}

Verify cable tension

(NG)

at each stage

l (0K

Verify member forces at]
h stage

each stag

l (0K

Compare final

(NG}

(NG)

displacement and
camb

J' (0K

Adjust camber for
tower and PC girdi

Verifry member
Ol

(OK)

Initial

rces

analysis ends

| cable pretensiof

Figure 3. Flow chart for the initial cable pretension analysis considering
construction stages




ADVANCED APPLICATIONS

Bridge Dimensions.

This tutorial has been based on a real project of a PC cable-stayed bridge, and has
been simplified since it will still suffice for educational purpose. We will leam how to
calculate the initial force in the cable from this tutorial. Before performing initial cable
pretension analysis with Construction Stages, initial cable forces due to the dead load
at the final stage should be firstcalculated.

The figures and loadings forthe bridge are as follows:

Bridge type: PC cable-stayed bridges

Bridge length: L = 46.5+113.5+260.0+100.0 =520.0m
2 pairof cables, diamond shape tower

Main girder: Beam and Slab type concrete section
Tower: concrete section

Number of cables:52x2 pair= 104

Install 4 Key blocks in 1,2,3,4 spans

Put 2 elasticbearings on PY1, PY2

Figure 4. General Layout of Bridge Structure
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Loading

Self-Weight.

Automatically calculated by the program.

» Superimposed dead load.

Unit weight (kN/m) Remark
Pavement 35.75 2.3x0.08x19.43
Railing 7.28 -
Parapet 14.76 -
Sum 57.75

Self-weight of cross beams.

Enter the weight of cross beams, which were excluded in the modeling, using Nodal
Loads.



ADVANCED APPLICATIONS

Work Environment Setting

§ The Status Bar is
located on the bottom
of the screen and the
units can be changed
by clicking on it
Jo e [,

To perform the analysis of a PC cable-stayed bridge open a new file (E New Project)
andsave it (E Save) underthe name ‘PC.mcb’.

Assign ‘kN’ for Force (Mass) unit and ‘m’ for Length unit. This unit system can be
changed any time during the modeling process as per the convenience of the user.

File/ D] New Project
File/ HE| Save (PC)

Tools / Unit System @
Length>m ; Force>kN .

"'i Uit Sistem ﬁ

Length Force (hMass) Heat
@m Mo (kg) cal
cm & kN (ton) @ kcal
kgt (ko)
mrm J
tonf (ton)
f b (Ib) e
in kips (kips/g) Btu
Temperature
@ Celsius Fahrenheit

Mote © Selected units are displayed in relevant
dialog boxes, Yalues are NOT changed with
units,

Set/Change Default Unit System

0K Apply Cancel

Figure 5. Assign Unit System
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Definition of Properties (Attributes)

Definition of Material Properties

Input material properties of cables and bridge deckin the Material Data dialog box.

[Unit: kKN, m]

Type of Modulus of | Poisson’s| Thermal | Weight
ID | Name . Standard o . - .
Design Elasticity Ratio | Coefficient| Density
1 | Main | Concrete None 2.7389e7 0.167 1.0e-5 24 .52
2 | Sub | Concrete None 2.6063e7 0.167 1.0e-5 24.52
3 | Cable Steel None 2.0594e8 0.3 1.2e-5 76.98
Properties / Material Properties
< Material Data X
2 Properties ol
laterial [0 3 Name Cable
Material | Section Thickness
- Elasticity Data o
1D Mame Type andard t!. Type of Design | Steel v
1 Main Conc Cfncrete = - " = Standard | Nona =
2 Sub Conc  Concrete Modify... ' DB =
3 Cable Steel Concrete
foks Standard =
copy Type of Material Code -
@ Isotropic Orthotropic DB v
Irnpiort
Steel
Rerumber Modulus of Elasticity 205982 8] kh/m2
Poisson’s Ratio 3
Thermal Coefficient 1.2e-5 1/[C]
Weight Density 76,98 kN/m?
Use Mass Density: kN/ms/g
Concrete
Modulus of Elasticity Ki/me
< > Poisson's Ratio
Thermal Coefficient 1/IC1
Close Weight Density kh/me
kN/ms/gq
Plasticity Data
Plastic Material Name  MONE v
Thermal Transfer
Specific Heat [ keal/kNIC]
Heat Conduction 2|0 keal/m-hr[C]
Damping Ratio ;|ame
oK Cancel Apply

Figure 6. Material Property Input Dialog Box
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Definition of Section Properties

With Section Property Calculator (SPC), section properties for irregular shape can be
easily obtained and even the shape can be depicted in MIDAS/Civil. Import the *.sec

file drawnin SPC to define main girder sections (101,102 and 103).

Properties /

Section Properties / Add

PSC tab > PSC-Value (drop-down menu)
SectionID (101) ; Name (D_center)

Click on
“‘D_center.sec’.

Import from SPC,,

(under

Section data) button and

invoke

Referring to the guide diagram, enter the design parameters in the “Param. for Design
Input” cell. These parameters are used for section capacity check, but not used for

analysis.Forsections 102 and 103, enter the same parameters.

% Section Data

% PSC Viewer

DBfUser | wale | SRC | Combined | PSC | Tapered | Composite

Section 1D |101
Mame |D-center

Define by Coordinates...
Section Data -
art 0 _center sec
Param. for Design
T & m
T2 B m
BT |24 m
HT |16 m

Thk, for Torsion(min,}
Auto
E m

» Gonsider
Shear Deformation,
Shear Check
Pasition Qy
FARBER- m
22 Centroid
23: %5 m

Offset: Center-Center
Change Offset ...

Figure 7. Input dimensions for PC box section

& PaC-vale v

Area 1.064522+001 | m:
Asy 5.731572+000 m2
hsz 3.00354e-001 m*
(503 2.18407=+000 | m*
lyy 2.721268+000 m*
lzz 8.62175e+002 m*
Cyp 121200/ m
Cym 121200 m
Czp 0.6125/m
Czm 1.1819/m
Qub 0.6952 mz
Qzb 1740752 m2
Peri:0 5.37640e+001 'm »
Auto Thi. for Shearitotal)  Auto
me & m -
m m e
me v m v
Display Centroid
3 Cancel #pply

HT

BT

Wiewer
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* PC Section
ID Type Sub Type Name *.sec File Name Remarks
101 PSC PSC-Value D_center D_center.sec Center part
102 PSC PSC-Value D_spt D_suppot.sec Support part
103 PSC PSC-Value D_py D_pysec Tower part
* Tower Section
ID Type Name ID Type Name
201 Value PY1_ head 211 Value PY2_head
202 Value PY1_top 212 Value PY2_top
203 Value PY1 down 213 Value PY2_down
204 DB/User PY1_cross 214 DB/User PY2_cross
205 DB/User PY1_footing 215 DB/User PY2_footing

* Pier Section

Input 301~304 in Section ID in DB/User Type for modeling the pier section.

* Cable Section

401~409 sections to be used for cables are defined by Value Type. Import *.sec file to
define the main girder section. To define other sections, copy the data on the section
tab of Struc.xls file and paste itinto the section table. Classify Section Types into each
tab as the type of data and the number of data are different from Section Type to
Section Type.

Properties / Property Tables / Section Table
DB/User tab; Value tab (using the provided excel file (struc), copy data

accordingly)

<DRIUEer Typer

TP T AL DB/User £] 4 Fre.-

Chrl+F

fed £ Tapered A4

Ehedr |GEe 1| Bke? | BEe d| GEed | Gke 6| BEe @
[la] Heme Bnepe DB Bection offaet oo tipe | Bult=up| oo | s | o ) P
204 | pvi_eross [ Hone Oenter—Denter Bultt-Up| 1 E [ 1 1 [ 0]
206 | PY1_footing 5B Hone Denter—Denter Bultt-Up| 1 245 N o o o o
213 | Pva_cross B Hone Oenter—0enter Bult-Up| 1 46| 4B 1 1 0 0
216 | Pvd_footing BB Hone Oenter—Oenter Bultt-Up| 1 18 28 [ o [ o
an P_top BB Hone Oenter—Oenter Bultt-Up| 1 4.8 446 [ o [ o
202 | A_down [ Hone Denter—Denter Bultt-Up| 1 29| 236 o7 0.7 o 0
202 | P_cross 8B Hone Denter—Denter Bultt-Up| 1 a.g 2.5 o o 0 o
20%_| p_tootng BB Hone Denter—0enter Buit-up| 1 11| _=oE 0 o 0
1D Name Shape DB Section Offset CC type | Built-Up Shear izel
Deform (m)
£ |
Copy

Ee

Figure 8. Section Table Input
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Modeling of Structure

Input Nodes

Input node data in Struc.xls file and copy the node information from the file into the

Node Tables.

Node/Element>Node Tables

To copy and paste Node Data into Node Table, activate the Node Column as shown

below. Right-click over the Node column and select “Enable Edit”. Now the Node

columnbecomesenabled.

10

Figure 9. Node Information and Input Table

Nodel\ X(m) ¥{m) Z(m) > (([Node)  x(m) ¥(m) Z{m)
y y
Copy the Node Data from the MS-Excel (Struc) file and inputitin the Table.
NDE:E]N& xn(.n;énuus — 0 —Zn(.n:;nsss ot X(m) ¥(m) Z(m)
e 0. 950005 o -0.0o0sal 101 0.200005 0.000000)  -0.120999
103 3,49903 0 -0, 02553 102 0.950005 0.000000 -0,080331
104 5,49795 0 0.037513 103 3.439080 0.000000]  -0.025530
105 7.39972 0 0.045447 104 5. 497960 0.000000 0.037519
108 3.60077 a 0.087361 > 105 7.399720 0.000000 0.045447
107 11,2363 O] 0187265 106 9,500770 0,000000 0.087951
}gg :g ggg; g g: ggg: gg 107 11.296900]  0.000000]  0.187265
T i eaT i Tl 108|  14.596700 0.000000 0.762125
T 1. 2957 0 0. 450133 103]  16.296700 0.000000 0.328129
112 24,5957 il 0.521044 110 17996700 0.000000 0394131
113 26,2967 0 0.581956 111 21,296700 0.000000 0.450133
114 27,9967 i} 0. 642868
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Input Elements

Likewise, enable the Element No. Column for pasting the data into the table. Copy the
ElementData from Excel File and paste itinto the table.

Node/Element>Element Tables

* Main girder
Main girdernumbers are 101 ~ 317 from the left.

101 o — 317

* Cable
Cable numbers are 1001 ~ 1032, 2001 ~ 2052 from the left. Numbers in parenthesis
indicate the rear cables.

1001(2001) -

e b e
"l

1033(2033) 1052(2052)

NS

* Tower and Pier.

Main tower Small tower Pier

l I

------- 1
1 I

501to561 601to656 701to719

11



ADVANCED APPLICATIONS

Input Boundary Conditions

Input Supports

Input the supports as shown in the figure below.

Boundary/ &% Define Supports

£ select Single (Node: 389, 390, 397, 398,2311, 2780, 3106)

Support Type>Dx (on), Dy (on), Dz(on), Rx (on), Ry (on), Rz(on)

Figure 10. Input Supports

Input Beam End Offsets

Input the width of Beam End Offset at the pier step.

Boundary/ L Beam End Offset

[Unit: m]
Elem Type RGDXi RGDYi RGDZi RGDX RGDY] RGDZ
710 Global 0.0 1.72 0.0 0.0 0.0 0.0
715 Global 0 0 0 0 -1.72 0

12
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Rigid body connection

Enter rigid body connection between the main girder and cable anchorages, and

between the tower and cable anchorages. Copy the data on Rigid Link tab of Struc.xls
and pasteitinto Rigid Link Table.

Boundary/ Boundary Tables / Rigid Link Table

Later inputthe rigid body connection at the same location

* PC girder, tower and cable anchorages.

115141

Tower and cableanchorage

PC girder and cable anchorage

13



ADVANCED APPLICATIONS

Modeling Bridge Supports

Input Elastic Links at bridge supports connecting the bridge superstructure to the
substructure.

Boundary/ Elastic Link

¢+ General Type ¢ Rigid Type

’rLink Type

¢ Tens,-only ¢ Comp,-only

S0x IW KM/m
soy [TeTl kiim
sbz [I Wi/m
SAx [T kmelrad]
sy [0 khem/lrad]
SRz [I mylrad]

[~ Shear Spring Location
’7 Distance Ratio From End |

SDy: [0.5 SDz: [0.5
Beta Angle : |0 ~| [degl

2 Modes : |39E|, 392

f

. Pot Support

I:l Elastic Support |:|Wind Shoe

Figure 11. Locations for Installing Bridge Supports

Input the data for elastic links atthe bridge supports as shown in the table below:

[Unit: KN, m]
No. Nodel Node?2 Type SDx SDy SDz Remarks
1 390 392 GEN 1E+11 1E+11 0 Pot support
2 389 391 GEN 1E+11 1E+11 0 Pot support
3 567 394 GEN 25230100 20670 20670  Elastic support
4 561 393 GEN 25230100 20670 20670  Elastic support
5 667 396 GEN 23870000 19810 19810 Elastic support
6 661 395 GEN 23870000 19810 19810 Elastic support
7 398 400 GEN 1E+11 1E+11 0 Pot support
8 397 399 GEN 1E+11 1E+11 0 Pot support
9 1009 168 GEN 0 7808220 0 Wind Shoe
10 1010 275 GEN 0 7808220 0 Wind Shoe
11 3013 3015 GEN 1E+11 1E+11 0 Pot support
12 3012 3014 GEN 1E+11 1E+11 0 Pot support

14
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Input Loads

Define Loading Conditions

The loading conditions used in the analysis are defined.

#| Redraw
Load/ Static Load / Static Load Cases
Name (Self) ; Type>Dead Load (D)
Name (2nd Dead) ; Type>Dead Load (D)
Name (Cross W't) ; Type>Dead Load (D)
Name (Pre01) ; Type>Prestress (PS)
Name (Pre02) ;. Type>Prestress (PS) d
Name (Pre03) ;. Type>Prestress (PS) d
Name (Pre52) ;. Type>Prestress (PS)
4 Static Load Cases X
Name :\ Add
Case |4l Load Case v Madify
Type : v Delete
Description @
No Name Type Description E
41|Pre38 Prestress (PS)
42|Pre3g Prestress (PS)
43| Predd Prestress (PS)
44|Predl Prestress (PS)
45|Predz Prestress (PS)
46| Pred3 Prestress (PS)
47| Predd Prestress (PS)
48| Preds Prestress (PS)
43| Preds Prestress (PS)
50|Pred? Prestress (PS)
51|Preds Prestress (PS)
52| Predg Prestress (PS)
53|Pres0 Prestress (PS)
54| Prest Prestress (PS)
55| Pre5z2 Prestress (PS)
* .

Close

Figure 12. Define Load Case Dialog Box

15



ADVANCED APPLICATIONS

Input Self Weight

Input the selfweightas follows.

Load/ & Self Weight
Load Case Name>Self
Load Group Name>Self
Self Weight Factor>Z (-1)  Add | o

Superimposed Dead Load

Then apply the 2nd dead load by inputting it as Element Beam Load.

Load/ Static Loads/Beam Load /T Element

¥ oa3rl 2] 101t0317 o
Load Case Name>2nd Dead

Load Group Name>2nd Dead
Load Type>Uniform Loads

Value

Relative ; x1(0) ; x2 (1) ; w(-56.633) ﬁnnlv|

Figure 13. Apply 2nd Dead Load

Self weight of Cross Beams

Enter the weight of cross beams, which was excluded from the modeling, using nodal

loads. Copy the loading information from the Load tab in Struc.xls and paste it into
Nodal Load Table.

Load/ Load Tables / Static Load / Nodal Loads

16
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Input Pretension Loads

For the case of a symmetric cable-stayed bridge, as is the case in this tutorial,
identical initial pretension in the cables will be introduced to each of the corresponding
cable symmetric to the bridge center. Therefore, we will input identical loading
conditions to the cable pairs that form the symmetry.

Load/ Temp./Prestress/ «= PretensionLoads

21 Select Intersect (Elements: 1001,2001)
Load Case Name > Pre01; Load Group Name > Default

Options > Add; PretensionLoad (1) d

| Select Intersect (Elements: 1002, 2002)
Load Case Name >Pre02; Load Group Name > Default

Options > Add; PretensionLoad (1) o

| Select Intersect (Elements: 1052,2052)
Load Case Name >Pre 52; Load Group Name > Default

Options > Add; Pretension Load (1)

Load Case Name
“prem I

Load Group Mame
’7Default

Options
’V(‘ &dd ¢ Replace ¢ Delete

Pretension Load

[i ki

[Pretension Loads =i

Apply LClose

Figure 14. Input Pretension Loads

17



ADVANCED APPLICATIONS

Perform Structural Analysis

After completing all the processes for modeling and load input, structural analysis is
performed.

Analysis/ B Perform Analysis

18
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Calculate Initial Pretension

Create Load Combinations

Create a load combination from the 52 unit pretension load cases introduced to each
cable, self weight load case, and superimposed dead load case and cross beam self

weightload case.

Results / B Load Combinations

Load Combination LisLCBt> Name>LCB1

LoadCase > Self(ST)
LoadCase >2nd Dead(ST)
LoadCase >Cross W’t(ST)
LoadCase >Pre01(ST)

LoadCase >Prel6(ST)
LoadCase >Prel7(ST)

LoadCase > Pre52(ST)

Factor (1.0)
Factor (1.0)
Factor (1.0)
Factor (1.0)

Factor (250)
Factor (250)

Factor (1.0) 4

& Load Combinations
I —

General | Steel Design | Concrete Design SRC Design
Load Combination List

No ‘Name Aclivel Type Description

-

1 [EERI Active Add
]

Capy Import... Auta Generation, .

File Name: |Ci#Documents and Settingst#fuseritHHEr 5H01

=P
Load Cases and Factors
| J LoadCase | Factor Ea3

" |G 1.0000
___|2nd Dead( 1.0000

| |Cross W' 1.0000
__|PreQl(ST) 1.0000
__|Pre02(ST) 1.0000

| |Pre03(sT) 1.0000

| |Pre04(sT) 1.0000
___|Pre0s(sT) 1.0000
___|Pre0&(sST) 1.0000
___|Pred?(sT) 1.0000
___|Preds(sT) 1.0000

| |Pre0s(sT) 1.0000
__|Preld(sT) 1.0000
___|Prell(sT) 1.0000
__|Prel2(ST) 1.0000
__|Prel3(sT) 1.0000
___|Prela(sT) 1.0000
___|Prel&(ST) 1.0000
__|PrelB(ST) 250.0000
___|Pre1?(sT) 250.0000
|__|Pre1&(sT) 1.0000
___|Pre19(sT) 1.0000
___|Pre20(sT) 1.0000 ~

Spread Sheet Form Copy intor Steel Design -
Browse iake Losd Combination Shest Close:

Figure 15. Input Load Combinations

19



ADVANCED APPLICATIONS

20

Calculate Unknown Load Factors

Calculate unknown load factors that satisfy the boundary conditions by the Unknown Load
Factor function for LCB, which was generated through load combination. The constraints are
specified to limit the deflection of the tower and the main 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 /Bridge / Unknown Load Factor
Unknown Load Factor Group > __AddNew_ |
[tem Name (Unknown) ; LoadComb>LCB
Object functiontype > Square ; Signof unknowns >Both
LCase >Pre01 (on)

LCase >Prel5 (on)
LCase>Prel8 (on)

LCase >Pre52 (on)

£ Unknown Load Factor, Detail x

ftern Mame:  Unknow Constraints
Load Comb ¢ |LCB 1 v Add

Object function type Modify

Linear @ Square Max &bs .
Sign of unknowns
Table

Megative @ Both Positive
| unknown | LCase | _Factor | Weighted Factor |~
1 r Zelf 1.000
2 r 2nd Dead 1.000
El r cross W't 1,000
4 i\l Prei Unknawn 1.00
5 i\l Pre0z Unknawn 1.00
B = Pred3 Unknown 1.00
7 ~ Predd Unknown 1,000 ~
imultaneous Equations Method
Select Al Unselect All Get Unknown Load Factors K Cancel

Figure 16. Unknown Load Factors
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€ The boundary conditions
for the Unknown Load
Factors can also be applied
through the MCT Command
Shell.

Specify the constraining conditions, which restrict the displacement of the tower and
the main girders byusing the Constraints function.

¢ Unknown Load Factor Detail

Select All

Unselect All

Simultaneous Equations Method

Get Unknown Load Factors

© Inequality & Lower Bound |-0.001]

0K

Figure 17. Input Constraint Conditions

lten Name: | NI Constraints
. |Wispl3
Load Comb : |LCB i
: |Vispld
Object function type |wisp15
~ Linear @ Square ~ Max Abs (Csp16
}Dspl?
Sign of uf\knowns n 5@5918 Constraint Name : [sp13
* Negative © Both “ Positive lsD‘g Constraint Type : | Displacement
e
| _Unknown | LCase | _Factor | | Nodein: [isi
L r 1,000 Component
2 | 2nd Dead 1,000 b oy
3 I Cross W't 1,000 ) =
7 ) — e
5 v
3 u Equality/Inequality Condition
Equality « Upper Bound |0.001

Refer to the table below for inputting the constraint conditions for calculating the

unknown load factors.

Name Node Node ID Type Upper Lower
py101 554 RY Inequality | 1.00E-06 | —1.00E-06
py201 645 RY Inequality | 1.00E-06 | —1.00E-06
sp02 107 DZ Inequality 0.001 -0.001
sp03 111 Dz Inequality 0.001 -0.001
sp04 115 Dz Inequality 0.001 -0.001
sp05 119 DZ Inequality 0.001 -0.001
sp06 123 DZ Inequality 0.001 -0.001
sp07 127 DZ Inequality 0.001 -0.001
sp08 131 Dz Inequality 0.001 -0.001
sp09 135 Dz Inequality 0.001 -0.001
spl10 139 Dz Inequality 0.001 -0.001
spl1 143 DZ Inequality 0.001 -0.001
spl2 147 DZ Inequality 0.001 -0.001
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sp13
spl4
sp15
sp16
spl17
sp18
sp19
sp20
sp21
sp22
sp23
sp24
sp25
sp26
sp27
sp28
sp29
sp30
sp31
sp32
sp33
sp34
sp35
sp36
sp37
sp38
sp39
sp40
sp41
sp42
sp43
sp44

151
155
159
163
173
177
181
185
189
193
197
201
205
209
213
217
221
225
229
233
234
238
242
246
250
254
258
262
266
270
280
284

DZ
DZ
DZ
DZ
DZ
DZ
DZ
DZ
DZ
DZ
DZ
DZ
DZ
DZ
DZ
DZ
DZ
DZ
DZ
DZ
DZ
DZ
DZ
DZ
DZ
Dz
Dz
Dz
DZ
DZ
DZ
DZ

Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality
Inequality

0.001

0.001
0.001

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

0.001
0.001

-0.001
-0.001
—-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
—-0.001
—-0.001
—-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
—-0.001
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sp45 288 DZ Inequality 0 —-0.001
Sp46 292 DZ Inequality 0 —-0.001
sp47 296 DZ Inequality 0.001 —0.001
sp48 300 Dz Inequality 0.001 -0.001
sp49 304 Dz Inequality 0.001 -0.001
sp50 308 Dz Inequality 0.001 -0.001
sp51 312 Dz Inequality 0.001 -0.001

We now check the constraints used to calculate the cable initial pretension and unknown load
factors in Unknown Load Factor Result. ®

Unknown Load Factor Group > Get Unknown Load Factors | |

Figure 18 shows the analysis results for calculating the Unknown Load Factors.

% Unknown Load Factor Result =S
Self 2nd Dead | Cross W1 | pre0l | pre02 ‘ pre03 ‘ prend ‘ pre0s ‘
Factar 1,000 1,000 1.000 ez 5130.381 6102.953 5786585 3845, 261
Canstraint pyl0l py20l sp02 sp03 spld spl5 splE spl7
Walue 0,000 -0.000 -0.001 0.001 0.000 -0.001 -0.001 -0.001
“ Make Load Combination M 0,000 0,000 0,001 0,001 0,001 0,001 0,001 0,001
uses the Unknown Load w ~0,000 ~0,000 -0,001 -0,001 -0,001 -0,001 -0,00m -0,00m
Factors which ae
automatically created for
the Load Combination.
€ Generate the Influence
Matrix as a MS-Excel File < 3
from the calculation results ® Result Influence Matrix Make Load Combination Generate Excel Fils oK

of Unknown Load Factors.

Figure 18. Unknown Load Factor Calculation Results

We will now check whether the calculation results satisfy the constraints by auto-generating a
new load combination using the unknown load factors in the Make Load Combination
function.

23



ADVANCED APPLICATIONS

e Load Combination

Mame

2 |ULF

Description : |

(1]

Cancel

Figure 19. Automatic generation of “ULF” load combination
using the unknown load factors

Confim the results of the load combination that is automatically generated using the

unknown load factors.

Results /Combinations

nad Combinations

General | Steel Design | Concrete Design | SRC Design |

~Load Combination List

~Load Cases and Factars

No | Name |Aclive Type Description LoadCase | Factor £
1|Lce Active  Add » 1.0000
4 2 Active  Add 2nd Dead( 1,0000
* Cross Wi 1.0000
pre01(sT) 50779116

pred2(5T) 5130.3813 3
pre03(sT) 6102 9531
prefd(sT) 5756, 5850
pre0s(ST) 3845, 2607

pre0s(ST) 3996.3115 |
pre07ST) 4328.7729
pre0s(sT) 3896, 7227
pre03(ST) 3435.1426
prel0(sT) 3219.5176
prel 1(5T) 30826792
prel2(5T) 289379755
prel3(5T) 25553145
preld(ST) 2583.6264
prelS(ST) 3286.16873
prelB(ST) 250,0000
prel 7ST) 250,0000
prel8(ST) 30255456
prel3(ST) 2252, 7969

pre20(ST) 2167.0458

Copy Impott. .. Auto Generation... Spread Sheet Farm Copy inta ﬂ

| File Wame: ‘CIWDucumems and SetlingstWuser®HIZ 218 growse

Make Load Combination Sheet

Close

Figure 20. Automatic Generation of “ULF” Load Combination
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Review Analysis Results

Review deformed shape.

Review the deformed shape for the “ULF” load combination, which includes the
Unknown Load Factors calculated for the initial tension.

Results /Deformations / £~ Deformed Shape
Load Cases/Combinations > CB:ULF
Components >DZ
Type of Display> Undeformed (on); Legend (on)

s s+ | THReis © | T ol Corrl = @

A rf s+ 16 TH G Te * | | CamberiRsscon ©

: Reals
P — 0B,

| Mowgload | TmeHstwy Tabkes |

| T ®F S S ® % BN - EESPE A CAOWE M A R R

- WA v
5 e Ik s wocE
Deformatons k

veronees o

prs—

Camgunerrs :
i o eDz .
[o4d T 2 L)
ez . 1%
Tupe of Display -
@ Undedormed a

Values ¥ Legend =
@

@

nerty | cone =
=3 @

=

o

-

e pacrest wii b saved by e wco-save featuce 1 ot

ot M mpe R T 1Lal
e e [ +m e

Figure 21. Deformed Shape Results
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Review Member Forces

Review the memberforces forthe “ULF’ load combination.

Results /Forces / Beam Diagrams
Load Cases /Combinations > CB: ULF
Components > My
Type of Display> Undeformed (on); Legend (on)

L mode shases -

G e o fowes s - i res © | T TH Resuls
A Peformatons ~ £ biagram ~ H+ Local Ciectin. A infu, Surfaces * | [ THGaph/Text * | b=

oo ¥ Fortes - £ 4 Rty + | 4= Reduction Morment 3 Movrg Tracer - o |

Combinatin | Bty I Getal T od shage Mowglosd | Taerbtoy | Bidge Text | Tabes |

e Nl L Y

- S Dl A

ATDAS/Civil
soT- ar.

Beam Diagrams.
Laad Cases/Combinations.

CBiLLF @z - 19754484000

Sten - 5. 655084003
27347904003

) P

Compornts: i 0. 00000e+000
Pan | Tos - | R,
Fa M » <4, 7466004003
Fy F2 oRz | | 5. a6105e4003
oM oM oM | i ppeinpis
| | S | 11107804004

BANY e U T INN -1.3228104004

Disglay Opsons

oB: LF

Exact No Fill
® SPaints | | g Line Fil

Scale: T00000 |~ S Fill

Tyme of Display

 Corfous Deform
Vahies @ Legend

Animate |, % Undsformed
Mirered ., Oulck View .,

Output Secton Locasan

[Tue project: will be saved by the suto-save feature.

Comenang Wessaon AT W Jlal |
Mo [l (] b ol I G 2 o

Figure 22. Review Member Forces



