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01. Overview

A cable-stayed bridge is a structural system that effectively combines cables, girders and the pylon into an
esthetically pleasing structure. It is a versatile bridge type since different pylon forms and cable layout
forms can be adopted depending on the surrounding environment.

By inducing initial pretension to the cables, it can reduce the moments acting on the girders and make a
light long span bridge possible. The calculation of the initial pretension of the cables can be difficult and
complicated, and in the past the initial pretension was determined by the designer’s discretion,

experimental values, etc.

The ‘Unknown Load Factor’ function in midas Civil calculates the initial pretension that needs to be
applied to the cables for a cable-stayed bridge. However, with the ‘Unknown Load Factor’ the designer
cannot get the desired initial pretension in one go. The designer should do many iterations by fine-tuning
the pretension using the influence matrix in order to get the initial pretension that produces the desired
bending moments and deformations.

‘Cable Force Tuning’ in midas Civil is a function that makes the iteration process required for the design of
the bridge easy.

‘Cable Force Tuning’ allows the user to adjust the cable force and to check the displacements of the
girders or the pylon inreal time, without reanalyzing.

This tutorial explains how to calculate the initial pretension for a three span cable-stayed bridge using the

‘Unknown Load Factor’ and ‘Cable Force Tuning’ functions.

STEP 1. Modeling of a cable-stayed bridge

v

STEP 2. Generate the dead load case for the girder and unit load cases for the cables

v

STEP 3. Enter the dead load and unit pretension loads

v

STEP 4. Combine the dead load case and the unit load cases

v

STEP 5. Calculate unknown load factors using ‘Unknown Load Factor’

v

STEP 6. Compensate the initial pretension using ‘Cable Force Tuning’

v

STEP 7. Review the analysis results and obtain the final initial pretension

| Flow Chart for calculating initial cable forces |
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02. Example Model

1. Openthe example model

From the Main Menu > l=* Open Project

1. Select ‘Cable Force Tuning_Before.mcb’ and click ‘Open’.

2. Overview of the example model

1. Type: 3 span concrete cable-stayed bridge

2. Span:40m + 125m + 40m = 205m

3. Pylon: 20m (lower) + 40m (upper) = 60m

4. Elements: Girders and Pylons (Beam Element), Cables (Truss Elements)

5. The cables are symmetrical about the centre of the mainspan. Both abutments are
free to displace in the x-direction and rotate about the y-axis. The pylons are fully
fixed at the base.

6. Bearing for the deck-pylon connection: Elastic Link-General Type
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| example model —3 span concrete cable stayed bridge |

3.Loads
1. Dead load: Automatically calculated Self Weight
2. Secondarydead load: 72.57 kN/m uniform load in the Global (-Z) direction
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02. Example Model

3. Counter Weight : apply a 600 kN/m uniform loadin the Global (-Z) direction as shown

below
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| Counter WeightLoad |

4. Cable Pretension Load : apply Unit Pretension Load to all cables
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T12~ 717 T6~ T1 T1~T6 ] T7~T12

| Cable Pretension Load |

4. Unit Load Combination

Make a load combination of the twelve unit pretension load cases, the two dead load cases and the

Counter Weight load case as shown below.

Fie Name:  [D+#04_Technical Materia#f55_Cable Force Tuning e, Browse |

Make Load Combination Sheet | ‘

Load Combinations BT
General | steel Design | Concrete Design | SRC Design |
|- Load Combinaion List - Load Cases and Factors
Mo | Name | Active| Type Description - LoadCase | Factor -
3 1 Activ Add 3 1.0000
% SIDL(ST) 1.0000
TI(ST) 1.0000
T2(sT) 1.0000
T3(sT) 1.0000
T4(ST) 1.0000
T5(ST) 1.0000
T6(ST) 1.0000
T7ST) 1.0000
L T8(ST) 1.0000
1 T9(ST) 10000 |%
T10(ST) 1.0000
T1(sT) 1.0000
T12(ST) 1.0000
counter we 1.0000
*
< I ] b 3
Import... Auto Generation. | spread sheet Form Copyinto | [steel Design =

Close |

| Generate a UnitLoad Combination |
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03. Unknown Load Factor

¢ Sign of unknowns :
Define the sign for the
unknown load factors.

- Negative Limit the

range of the factors to

negative (-).

- Both : Do not limit the
sign of the factors.

- Positive : Limit the range
of the factorsto positive

(+)-

¢ Simultaneous Equations
Method :

When the selected
constraintsare all
Equality Type, and the
number of unknown loads
isthe same as that of
constraints, this option
can be checked.Then the
program uses
simultaneous equations
method rather than
optimization technique to
find the unknown load
factors.

For the unit load combination created in the previous page, calculate the unknown load factors using

‘Unknown Load Factor’.

Set the constraint conditions for ULF load combination by limiting the moment (My) in the deck on the
right hand side from 5000 kN-m to -5000 kN-m. In order to use ‘Unknown Load Factor’ the analysis

should be performed.

1. Set Unknown Load Factor Details

Main Menu>Results> Cable Control >Unknown Load Factor

Click #dd Mew

Load Comb. : ULC

N o vk w N

Item Name : unknown

Objective function type : Square

Sign of unknowns : Positive ¢

-
Unknown Load Factor

===

Unknown Load Factor Group

unknawn

| Add New |I
Modify |
Delete |

Cancel

Check the cable pretension Load Cases (T1 ~ T12) as Unknowns.

Two ways of entering Constraints (‘Add’ or ‘Table’) are explained on the next page

B " Unknown Load Factor Detail

. |

P

| l Item Mame: | I Constraints
[wM1001
% Load Comb : IULC ;II [WM1002 m Add
[ [wM1003 .
‘ (" Object function type VM1004 _lMod'Fy
Q  Linear (% Sguare (" Max Abs v M1005
‘ [#M1008 Delete
Sign of unknowns Emﬁ?ﬁ
e' [F MNegative i~ Both {+ Positive [ - Table |
Unknown LCasze Factor Weighted Factor -
1 I Self Wiight 1.000 L
6 2 SIDL 1.000 1
3

r ]
el [~ Simultanecus Equations Method

Select All I Unselect All I

Get Unknown Load Factors

[ o 1|

Cancel

| Unknown Load Factor Detail dialog box |
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03. Unknown Load Factor

2.Set Constraints

1. Click Add

2. Constraint Name : M1001

3. Constraint Type : Beam Force

4. ElementID : 1001

5. Point : 2/4

6. Component: My

7. Equality/Inequality Condition : Inequality

8. Upper Bound : 5000 , Lower Bound : -5000

9. Click 'OK’

10. Enter the same value for M1002 , M1003 , M1004 , M1005, M1008 , M1009 ,

M1010, M1011, M1012 by changing the Name and Element ID
11. Foreasier input of constraints, Copy&Paste using Excel is possible (refer to

Unknown Load Factor Detail.xls)

~
5 Unknown Load Factor Detail r
b= UnknowN\oad Factor Constraint ﬂ
Item Name: Constraints
[WM1001 pr I Add |
Load Comb : uLC A — N
Eﬂﬁﬂi Constraint Name : |m
Object function type #M1004 Modify )
’V(* Linear @ Square " Max Abs ¥ M1005 Constraint Type : IBEEITI Force 'l
v M1008 Delete
Sign of unknowns Emllgig 1
e o e || R | e

Unknown LCase Fa Weighted Factor | —Paint

1 [ Self Wight I " I-end 14 o« 24

2 SIDL 3

3 i 3/4 " J-end

4

s —Component

< ; 2 o Fx " Fy CIFz
[~ simultansous Equations Method M & My Mz

| oK. I Cancel

Selectall | Unselect Al Get Unknown Load Factors

—Equality/Inequality Condition

= Equality |v Upper Bound 5000
f+ Inequality |¥ Lower Bound  |-5000

-
Constraint Table ﬂ
oK I Cancel
Reaction | D\splacementl Truss Force  Beam Force I
Mame Elem Pos. | Compo| Type Value | (0)| Other | (U)
1 1001 [24Pos [MY  |Inequalif r [
2 M1002 | 1002 |2/4 Pos |MY Inequahﬂ =] v
3 M1003 [ 1003 [2/4 Pos My Inequalif [5] I
4 M1004 | 1004 [2/4 Pos MY Inequalif [=] I
5 M1005 | 1005 [2/4 Pos MY Inequalif [=] I
6 M1008 | 1008 [2/4 Pos MY Inequalif [=] I
7 M1009 [ 1009 |24 Pos MY Inequalif [=] I
] M1040 | 1010 [2/4 Pos [MY Inequahﬂ =] v
] M1011 | 1011 |2/4 Pos [MY Inequahﬂ =] v
10 M1012 | 1012 (2/4 Pos [MY Inequahﬂ =] v
11 | r r
Name Element Point Compo. Type Value
M 1001 1001]2/4 Pos _ [MY Inequalit
M 1002 1002]2/4 Pos _ [MY Inequalit 1 1
M 1003 1003]2/4 Pos  [MY Inequalit 1 1
M 1004 1004]2/4 Pos  [MY Inequalit Q 1 5000 1 —5000
M 1005 1005|2/4 Pos MY Inequalit; 4] 1 5000 1 -5000
M 1008 1008[2/4 Pos MY Inexqualit; o] 1 5000 1 —-5000
M 1009 1008]2/4 Pos  [MY Inexqualit; o] 1 5000 1 —-5000
M1010 1010]2/4 Pos  [MY Inexqualit; o] 1 5000 1 —-5000
M1011 1011]2/4 Pos  [MY Inexqualit; o] 1 5000 1 —-5000
M1012 1012]2/4 Pos MY Inexqualit: 4] 1 5000 1 -5000
]

| Set Constraints |
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03. Unknown Load Factor

3. Get Unknown Load Factors

Click et Unknown Load Factors |

Select ‘Result’

Check the unknown load factors to be applied to the cables
Select 'Influence Matrix’

Check the unknown load factors in the Influence Matrix

Check the influence matrix

N o vk wN e

Generate a Load Combination (Name: ULF) where the unknown load factors are

applied to the unit pretension load cases.

87 Unkeen Lsad Factos Detad

[ 5 Unknown Lood Factor Result [ ]
I
e setwign| s T T n T 5 RS
Fackor 1000 1000 a18088 | wa170sa | Ta04872| aTi07s0| sscnero| 2499000 wseseaz] aviezna & |
Canstrant L) | M0z MI003 M0 0G5 Mioes il o l won i Wz |
valug 5000000 | S000.003 | 5000.001| $999.999 | S000.000 | 4099.998 | S000.000| a4188s| a27azs0 -1eE0zE0
Uipper Deund S000.000 | S000.000 | S000.000 | SO00.000| SO000.000 | S000.000| S000.000 | 5000000 5000000 S000.000
Lot Bound -5000.000 | -5000.000 | -5000.000 | -5000.000 | -S000.000 | 5000000 | 5000000 | -5000000 | -5000000 | -5000 000

¥ n v
Q = mewit | e Hav Mk Load Combnaton Genernte el e [0
51 Unknown Load Factce Result [ ]
Consiraint]  M1001 M0z M1003 ui00d M1005 u1008 uo0e J w1010 | M1 [ -
‘:'F“F:; 5000.000 | 5000.000 | S000.000 | S000.000 | 5000.000 ( 5000000 snwoanl EWM‘ mann_
:::1 -5000.000 | -5000.000 | -5000.000 | -5000.000 | -5000.000 | -5000.000 -SMDODI -MOM‘ -mm_
Sell Wiight 35 1420!.51? ZH0E. ﬂe 2651.“112 -IHD-I:’A: -2042:3: -‘?40:6\3: -lmﬁﬁiﬁl- -11613’:5‘
0L 2l 7es. SSE 47“.0& 529.\]729: -BEWm -GD?)m -R{WEOJE -2?91?‘52. -?JS-‘:::‘
mn 0324404 | 1270531 | 1707044 | 1369740 | 0118449 | 0279507 | 0204351 | 0221688
T2 1852018 | 0558408 | 1408421| 1440122 | 0088591 n.nnzuni 098329 | 0079299 | &
T 18sa1es | 1430812 | 0500188 | 1200439 | 0280053 | 0.100718| 0.024908| 0.004904 |
T4 0311071 | 1972437 | 1575298 | 0554419 | oaresss| ozo7ssa| oossers| ooasnas
5 0327282 | QABT7T44 | 2 142843 | 1569250 | 0660701| 0279951 0113799 0085219
T8 03330 | 0107167 | 0484819 | 1920978 | O6TEGZZ| 0276703) 0100919 0043782
L] 52 442000 102263 | 0072787 | 0005319 | 0190007 | 0504135 | 2137561 | 0720033 | 0192905 | 0 0&T2E
8 0 249945 | 0200895 | O0ITH04 | 0111858 | 0509116 | -1878800 | 2399171 | 0780280 | 0270568
18 04504 | 0428474 | 0264002 | Q050151 | 0258456 | 0300895 | 1417950 | 1780386 | -0 658961
T10 5636 418) TTBAZI | QBLIT | 037035 | HAZITTS| O4BHS4 | DRIFERT | OI0SEEA | -DTTOG0 | 0044844
™ 6473 47all RO 653005 | 0722663 | 433835 | 0184375 | 0126713 | 1210307 | 1003505 | 0455083 | -0.293550
Ti2 1146858 | 0857744 | 0504073 | 0170378 | 0101186 | 150058 | 1aesvyal 170sstal 1200338 -

[ 1
e_——‘.

Make Load Combination -

Name : |UF

Desarition: |

e

| Check the Unknown Load Factor Result and generate a Load Combination |
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04. Cable Force Tuning

The user may not find the desired unknown load factors from ‘Unknown Load Factor’ when there are

many constraints or the structural system is complicated.

Using the ‘Cable Force Tuning’ function, the user can find the desired pretension.

In this section the ‘Cable Force Tuning’ function and how to calculate the initial pretension for a cable-

stayed bridge are explained.

1. Function Overview

Overview of ‘Cable Force Tuning’:

1. Adjust the cable force (or load factor) using the table input or bar graph.
2. Select the desired result item to check along with the change in cable force.
3. The resultitem selectedin 2. is displayed as Line Type or Bar Type. The influence of the

adjusted cable force (or load factor) is reflected in real time.

4, The current load combination is updated with the adjusted load factors (‘Save Load
Combination’) or the cable pretension loads are updated with the adjusted cable forces
(Update to Present Model’).

% Model View %3 Cable Force Tuning | 4 b
t.rLuad Combination :  |LILF - Zoom - | + Full | ™ Show Result 2
5000
0 —1—a 1 11—
Self Wiight SIDL T T2 T3 T4 Ta T6 T7 T8 T9 T10 ™ T2
4| | v
L.C. SIDL T T2 T3 T4 5 T6 T7 T8 9 T10 T11 T12 | counter
Factor 1 6000 T000 7200 5000 3000 2000 2000 3000 5000 6000 7000 9000 1
5| I
a FEIE
Result | [Deck Moment =] .. | Matiix | [line Type =] [-5000 | ~ [5000 Shaw Fange Search | <] >|
Range specified by the / \\ Factor Line by influence matrix
2500 -
designer (red) / \ (green)
1500 / Result by cable force tuning \
J 500 Vi (blug) ~
500 \7\‘ N
1500 Ve ‘*-\\!_// N
-2500
-3500 __,._---—"'""-'—;-F-_ “‘\\\
-4500
-5500
- o [=2] (=] — o
=1 = =] = =) =)
S = = 2 2 2
ag Save Load Combination i Update to Present kodel | ERplE e RGHE] | Close I
l 1 | »f

| Cable ForceTuningdialogbox |
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04. Cable Force Tuning

2. ‘Cable Force Tuning’ function

1. Adjust the cable force by the Influence Matrix Factor

Select Cable 13, as in the figure below, and the Relative Influence Value Line (green) thatis unique for
Cable 13is drawn. With the help of the Relative Influence Value Line, adjust the result.

When Relative Influence Value Line: (+) -> T (cable force) increases -> Result increases
When Relative Influence Value Line: (-) ->T (cable force) increases -> Result decreases

Check if the Relative Influence Value Line (green) is positive (+) or negative (-). As shownin the figure
below, if the Relative Influence Value Line is positive, increasing T (cable force) will increase (+)
the result. On the contrary, if the Relative Influence Value Line is negative (-), increasing T (cable

force) will decrease (-) the result. This method is useful when the result is fine-tuned through a

single cable force.

Check whether the Relative
Influence Value Line is
positive or negative

: positive (+)
v
| Influence Matrix Factor Line when Cable 13isselected |
Change T (cable force)
: Considering (+,-) of the Relative
Influence Value Line, change the cable
force so that the result will change to

the desired direction

\ 4

Check the Result graph
:Increasing the cable force increases
the result since the Relative Influence

Value Line is positive (+).

| The result whenthe cable force of Cable 13 was increased |

In this page, adifferent model is used for the explanation.

Tutorial | Cable Force Tuning in midas Civil 10



04. Cable Force Tuning

2) Find the optimal pretension using ‘Search’ option

O e WU SRR S St NP S S o ,I

Resuts = . A

Result 1 IDeck Moment;l Show Range I

Search
[ Losdtase | Defore | AfecSy Range |

~| |5DDD ~ |5oou

I Line Type

W e R

chk adv
i il Wigh 10| Wl el [
nd 0L | wee| bl 36|
r i wier| weor| el [
S ] [t | o] wel [
(2] ] | Teas| Tasr| 06|
F1 T [ enare| el ®e|
C i EE T C N T
r ™ Jumos| Jomm| T8 [
EX il | ims | vesa| 08| [
= ) t G el e
select il umelect Al |
™ mmm:::”amm. = [~Csect Funceon Tyoe
2 10011 R T Squre
1601 £ |
e 1 e
=N e |
4 s wn [o wh [o
= 1003 C p
= 10041
A o0 Befire Adpst
= * =l 1001 e At e
Comereny CouriTie o= e 1005 L
= et | nl = [T Cakadate |
atect 2 Lsebect T | e |

STEP 1. Matrix & Search

Confirm the pretensionfrom the Influence Matrix that affects
the elements at the greatestdegree and thenuse ‘Search’

:

STEP 2. Load Case
Pretension Load Case

:

STEP 3. Range
— Set the range for the pretension factor.
The initial rangeis-20~20%

:

STEP 4. Element No.

¢ lteration is necessary to Select the elements whose pretensions will
find the solution for the be adjusted within the targetrange
object function by using

‘Search’. l

When the result for ‘Before
Adjust’ becomes the same
as ‘After Adjust’, the result
has converged and the l

STEP 5. Object Function Type
Select the type of object function

pretension does not change
any more.
STEP 6. Boundary
Set the upper and lower limits within which
the solution for the object function will be found

:

STEP 7. Calculate & Apply
— The pretension that satisfies the given conditions
isfound and applied

:

STEP 8. Close
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04. Cable Force Tuning

3. Define Groups

1. Select Group Tree

2. Structure Group Add (Deck , Cable, Pylon)
Deck ( Element : 1001t01005 , 1008t01012 , Node : 1001t01012 ) assign by
Drag&Drop

Pylon ( Element : 17t027 , Node : 5001t05012 ) assign by Drag&Drop
Cable (Element : 28to41 ) assign by Drag&Drop

v

| Define Groups |

Tutorial | Cable Force Tuning in midas Civil
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04. Cable Force Tuning

& Type : the Type of x-
Axis for the Results

- Distance : the valueson
the x-Axis are represented
using the absolute length
ofthe elementsin the
group.

-Element : x-Axisis
represented by Element
number.

- Cable Name : x-Axisis
represented by Cable
location.

4. Define Result Items

From ‘Result Item’ define the result items to be checked through cable force tuning.

Beam Force, Truss Force , Displacement or Beam Stress can be checked.

Main Menu>Results> Cable Contro/> Cable Force Tuning

Click

Group :

X-Axis :
Click

0 o N o vk W N

Group :

= =
= O

. X-Axis:

e
w N

. Click

Deck

+ DX ,
Add / Modify

Pylon

+DZ ,

Close

Load Combination : ULF
of Results

Name : Deck Moment

Type : Beam Force (MY)
Type : Element ¢

Name: Pylon Displacement

. Type : Displacement (DX)
Type : Distance

. Click _tdd /Moy |

Result Item

Result Item
Mame :

Group :

Type :

IDeck Moment

IDeck

IEeam Force

" FX
MY

Y
& My

— X-AXiS

x-Axis

Type :

+DX b

" Distance
(" Cable Name

¥ Element

—Operation

Add [Modify |

Delete |

Result Item List

Pylan Displ

Mame I
Ded: Moment

Close

Result Item
Result Item
Name: |Pylon Displ
Group : |Pyion LI
Type : IDispIacement LI
& DX DY " DZ
i RX " RY " RZ
— X-AXiS
*-Axis @ +DZ -
Type : (¥ Distance " Element
(™ Cable Name
—Operation
Add /Modify | Delete |
Result Item List
Mame I
Dedk Moment
Pylon Displ

| Result Item dialog box |

Tutorial | Cable Force Tuning in midas Civil
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04. Cable Force Tuning

5. Cable force tuning

Main Menu>Results> Cable Control> Cable Force Tuning
1. Check 'Show Result2’
Results 1 of Result: Deck Moment
Show Range : enter -5000 ~ 5000, click _=how Range |

2

3

4. Results 2 of Result: Pylon Displacement

5 Show Range : enter -0.03 ~ 0.03 , click ' Show Range

The graph below shows the moments in the girder for the current pretension values.

Using ‘Cable Force Tuning’, adjust the pretension so that the moments fall within the defined range (-
5000kN-m ~ 5000kN-m). Also, the displacements of the pylons should fall within the set range of -
0.03m ~0.03 m.

Catie Forcas.

tond Comtwrmon g {F v ] Zem | o | Pl | & ShowRemk? [ oo vk e | oo |

o S aosEE

Sell Wagpt courter waght

LC Salf Wiight SIOL m 2 n T4 3 T 7 T T T T11 T12

Pont 1 [Omck Homers | e | [ireTpe <] lsam = P00 S ey D rarch

206749 —F

43506 —f

]
L8025 I i

1000 € —

g

By

1000

011

1062 | —
o
1003 | =
1003
1004 |
o
Y
T 1008 |
1005
005
1008 | =
1008
1006 | =
1009

00241397
000513968 =

4 tadac 1 t  — e e — e S —————  ——— ——
-0.0308603
0 0508503 —-l

o

145

19

M
7o
-]
2o
"l
¥
wE—
00—

o
- o

e | | _ com

| Distribution of the girder moments obtained by Unknown Load Factor |
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04. Cable Force Tuning

Inorder the meet the target displacements AND the target moment distribution, one must understand
the correlation between the displacement graph of the pylons and the moment graph of the girders.
Use the procedure ‘Adjust the cable force by the Influence Matrix Factor’ on page 10.

¢ The summation of the
cable forces (T1%T6) is 6. T11:8000, T12: 9000 &
greater than the sum of
cable forces (T7~T12).

Cade Forces
Therefore, the pylon is oo Comion: [ULF =] [Ton | o] B8] P SonBent2 [ Whome ke Uio] oo
deflected to the Global Dx | |
() direction. Adjust the e
cable forces of T11 and ! b
T12 t0 meet the target | Sl Wight S0 il T2 LE] T4 L) 6 m s cwllu“d!l.
displacement of the pylons. Lc [swwgm] sou | m | @ | ® | w | 1w | T 7| ®m T[T ™
Factoe | 1 [ 6815055406 | B417 042968 | 104 5TITTT | 6110.75 | 6528 970214 | 245 089047 | 1595 441054 | 4119210078 | 4751 128417 | 5635 41796

i i

xu [Dechtomere =] | Max | [reTope =] [0 - [B00  Swmfage| Sewch

9500 —f T T T T

500 o~ T

O S N Bt o e i e S R SR N

B S S e e L
& g & § 8 g & g &8 §y g8 & g & 3 B g B 3z ¥ § ¢

a7 [PoonDm v] | Maw | [CeToe ] [0~ [ Sowhage| Sewh

0027

0.007

0011

0.033 I

w w w
- E @

05—

s
320~
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05—
400~
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| Adjust the cable forces considering the displacements of the pylons |

Az [t 5] | Mam | [T 5] (B - [ Sewhas| S |

D.0e913ET
000913988 — |
00108803 - 1
00308503
<0 CE0BE03 I

ws——-H=

|
< 2

-

M5
Io—
|5

245
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2

| Displacement ofthe pylon whenT11:6471.79 and T12:7467.89 |

feaa? [PonDup =] | Mam | [lneTips <] [003 ~ i Showage| Seah
002t —f f 7 -
0.007 —|

0013

D033 =

w
-

ELE
45—

w
-

45
70—
95—

Fig
95—
20
L)

| Uodwars | | usbshimbiosd | Cow |

| Displacement of the pylon whenT11:8000and T12:9000 |
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04. Cable Force Tuning

Inorder to meet the target moment distribution in the girders, use the Relative Influence Value Line and

adjust the cable force of T8.

7. Check off 'Show Result2’

Check 'Show Influence Value’
9. Select T8 and check Influence Value Line
10. T8 : 6400

[T e T = I | fu rso-m: mm_[#

R T T Tw—

coumar waight

1001 | —|
1001 € —]
1002
1002 € —|
1003 | —
1003 € —]
1004
1004 € —
1005 | —
1005 € —
1008 4 —
1008 | —
1008 € —]
1008 | —
1005 € —|
1010 | —
100 ¢
1 | =t
1081 € —H—|
w2
1012 € —
torz —1——

o Lond Combaton | Lpdume 1o Powseet Model | | oo |

xc::w [ =] [Zem | <] Pl ][ sewBens 5 cmon v Undo| Redo|

| EEESm SooEl

™ ewi-.-;m

Fents
femd | [Decklemeiz] | Mew | [CeTiw =] [E00 - 00 Sewfiage| Sewch

521355

385

121355

OGS

2785 45

4TH5.45

TEE 45

BTG 45 i T

TS — 1 1 'since the Relative Influence Value Line is 1 v 1

"”“"“i—r—l—|mat Th?fﬂtmf'm— | T I 1 ! T I 1 ! !
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| Adjust the cable force using the Relative Influence Value Line |
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04. Cable Force Tuning

¢ Repeat the procedure
to find the solution that
convergesthe object
function of ‘Search’.

The value of My for element 1005 exceeds the set range. Select the cable that has the greatest influence

on Element 1005C and adjust the cable force Factor using ‘Search’.

11.
12.

13.
14.
15.
16.
17.
18.
19.

Click P atris

Confirm that the cable force (T6) has the greatest influence on Element

1005C from the Influence Matrix window

Click

Click | Search

Check: T6 , Range : 20 , Step : 4
Object Function Type : Square, Boundary : Low ( 0), High (0)

Click

Calculate

Click Apply

Repeat steps 15. ~ 18. &

Fesul 1 | Deck Moment = _| LieTope =] [5000  ~ [6000 | ShowRange
\

87 Influence Matrix

1001 ¢ 10021 100z 10031 10e3 e
Resut 18214133 | A2.39582 | 212284625 | 248875672 [E]
Seif wight SHO17 4356 | ABUTEG351 0308 5542 | Z9bHD81E | 206103135
o EZ00EE | STA0ETAZ [ GUV02607T | 475802067 38872642 G T
T 333276 | 1453317 | 0324404 | 0804S1D| 1770531 1707954 1060103 00
T2 26993 3168907 1882018 0184084 0.568408 1488421 1.228315 o1
T3 OSUNTY | OOTEES | 1b6ETes | zbzeess | 1435812 0564168 rassez| 03
@ T4 045343 | 02400 | 031190 | opesire | o erzen 1575296 1101335 |
T 6 04bp7az | 0386783 | 0328330 0270877 | 007ia7 _0 484513
i T TIMED | D IIE| DUTITET | 0OSGeEZ|  OUSSIS | BOBTIOT| 010007 0 887357
T8 02608 0240187 0200885 0161803 0.001804 0.021808 0111858 0.772808
T 545504 | 0500810 | 046474 | 036137 | 0266002 -0ATIGET | -0.050151 vawaes | oa
10 ey | vz | 0s0eny | passads | 0973038 | 0zs07s | oazzres|  oooswes vasszz| 10
i 0953005 | 0061552 | 0722663 | 050074 | 0433025 -0.203817 | -0.144275| -0.004533 0250057 | 1.0
iz A 145855 | 1030339 | 0857244 | -06B41SD| -0504073| 0323905 | -0170278| 0018554 0218950
counter weight | 1295.33041 | <1104 27464 | 1054 02230 | 523 TERGE5 | 541 151440 | 755 S50517 | H1A 103343 | 577 613785
. il

,
.
)

r M
Search M
chk LoadCase Before After Range adv from to step | »
1 r Self Wiight 1.00 1.00 20.0 r 038 12 4 ]
2 _ SIDL 1.00 1.00 20.0 _ 0.8 12 4
3 _ T1 6815.07 | 6815.07 20.0 _ 54521 | 81781 4 =
4 r T2 8417.04 | 8417.04 20.0 r 67336 | 10100.5 4
5 r T3 730457 | 730457 200 r 58437 | 87655 4
@ 5| T &71075 | 671075 | 200 [ | 53886 80s28| 4
o I= o gl C i -
8 = T6 2488.09 | 2896.91 20.0 - 1998.3 | 28898.9 4 I
. 7 T QA A L5 I
T —— £ Zannnn | mann e Taann | wsonal  «
Select All I Unselect All I
chk Element No. (Coor.) - [ Obiect Function Type
1 v 1007 1 B " Abs (% Sguare
2 rd 1001 C
3 i 10021 =| [ Target Boundary
2 d L Low [0 High IU
5 v 10031
61 e - Calculated Result
7 v 1004 |
T 1004¢C Before Adjust 238282026.073563
9| ™ 10051 After Adjust 234159831, 217167
0] & 1005 € Q
nj W I -3 Ealcilate il |
= e —
Select Al | Unselect All | L) Apply I Close |
L o

| Find the cableforcethathasthe greatest influence and adjustit |

Tutorial | Cable Force Tuning in midas Civil

17



04. Cable Force Tuning

Adjust the cable force Factor (T11) following the procedure ‘Adjustthe cable force by the Influence Matrix

Factor’ on page 10 to meet the target moment for the i-end of Element 1012.

20.

Cable Forcan.

LondConbrmsn: [AF <] [Zem - | +| B | [ Sowfesi? B e tee U] Tts|

T11: 7000

o —

5 Influence Matrix L_uﬂﬁ
wost | tosse | wemt | neme ]
[ Sl |31/ 20 | g 411 | 18141 0312 12007 4T Tl 6535
e £33 66805 | 673 645TE | 634 15D | amn o380 | i R | et | e RS R EER | aez ssmams
0 cooears | viesan| ozmema| ot | 0aamal | ogwis | oman airams | ooerass| oo
T GABIING | QGONNT | Q00BN | GOSN | -0GGETD | Suwdas | -owesi? A0R1ET | amamet | ae
™ GMSMN| 0200053 O060TA| BB07TID| 041158 | 0024805 |  Boopes: a00133 | 0o00ee8| 08
i) GEETIER| 047E9% | 0296708 | 0207863 | 018402| Q0mSIE|  opsent aoaneEz| oevsn | od
i3 coezs | oeaovnt| oavsesr| oaveest| ousat| sinmel oo aowsst| oo | oo
™ Gbeea7s | OATEI|  QaDmTo| 027873 | 37| otomn|  0osmor Gomom| oo | oc
™ SAMEH | 213781 | VSN | A7aad | -0aveses | o riwes| -amse anaeiz| e | oe
™ D134506 | -1ATDROD| -BNISTE| ZO0M7)| 1MB%AD6| B70036%| 03470 S1esd4| ooez| oo
™ GEZBETT| 0300896 | 0IAIS| 4VTOSD| 260MTE| 1TEOME| DES16 pwams| aimz| oo
1015453 Q) oneast| oxsies| ozueis| orwme| o w0 | oo
| T .
I TRMIE | LTI 1eapt 1200106 | TESNRET 0481730
B39 627040 | 4408 25962 | 7475 U15E | 12UOR 1T | TVE0 GG | TO00R I4FG | TH4AZ UAD | 137500564 | VOGUA SV | K671 R0

Garer ate Fxcml Fie Cloes I

| Moment ofthe girder whenT11:8000 |

EXBTY —
X087y —

e e e ) 1

Axara —
30873 =
e —
08Ty —
8N =

A

701268 —
T =
T =
&b
A2 =

NG

Ot |

ST I e
ose——p—1 1 L L

1006 J =ttt

1008 |

i =
B8

1001 €—
w0021}

1002 €= —f—+
W0y | —
et

| Moment ofthe girder whenT11:8000 |

™o

Since the Relative Influence Value
Line is negative (-), decreasing T11
Factor increases the result.

Since the Relative Influence Value
Line is positive (+), decreasing T11
Factor decreases the result.

I e I T e e e

B0 G
Mo-_;....ii:.:..
D
01 1

"“1¢Lg,1¢'i31',;,L1,5
g8 §882;:8§¢885%

W ¢
1021
LY. | e N o e o
iz 4

| Moment of the girder whenT11:7000 |
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04. Cable Force Tuning

6. Grouping through Cable Force Tuning

Fine-tune or group cable forces, while keeping the girder moment and the pylon displacement within the

target range, in order to simplify construction and erection.

1. Check ‘'Show Result2’
2. T1:6800, T2 :8400, T3 : 7300, T4 : 6700, T5 : 5500, 76 : 3600, T7 :
2400, T8 :5400, T9 : 5400, T10 : 5400

Cable Forces.

teatConbrien . [IF ¥ [T - | o | b W o ek 2 v;uummﬂ
|

5000 —]

6 —

SefWight 0L ™ "

| Lo | sofveige | suaitu |I |

[ Factar | i | g 400

Gzt
flend 1 [Deckbiomentw] | Mum | [reTiee =] [0 < [0 ShewPanps| Sewch

B LY —l ‘L | l | ‘L | ‘l .l cL _|‘ .l ‘l | ‘L — .l ‘l .l ‘L ! ‘l l
8§ § & g & g 8 g &8 g g B g @ @8 8 g &8 3 £ § ¢&
Aotz oDt v] | Mam | imTen v] [0 - i SwwRwps| _Seach
0027 —F ¥
0007 = ! 4
P [Pl S —— — O S 1 1
won ] 5 ! 5 5 3 I, . ! 1
- = b a 5 8 £ = B " =
Sove Lomd Conbavion | Upditn o Femarrt Mol | i |
| Confirm thefinal cable forces |
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04. Cable Force Tuning

7. Apply the final cable force

1) Save Load Combination

1. Click Save Load Combination |
2. Main Menu> Result>Load Combinations

Loaatombemen: [IG =] [Zom | | R | @ SowReed @ vimn Vo U |

s
¥
Sall Wight SioL

m 1] ™ 1] T Th m ™ 1¢] 10 ™m TI?  counter weight

LC | Setwagm | sou |
Factor 1]

':::. [Peccwonern ] . | Wam | [iraTice v] [5050 - [0 SowPangs| _Sewh

0379
T, i, e
7.am6s
o ~ W‘"\W ~_ _
[ A A A A A A AN S A AR A SR R S S
- o = o = o - © = o ] = o = o = © = @ = e 2
8§ g & g & 3 & g &8 3§ ¥ §E § 8 g £ § B 3 £ g ¢
ez [Ponbm ] | Mus | [retee =] [0 - [0 SowPangs | _Sewch
[ et —F - - = T
w7 — L 1
L R ———— S
R [ 1 T | 1 [ | T [ 1
e - = = 2 Bl 5 & & B E & E
Ismlu!c-vhm !wu-wn—-u| W | oees
Load Combinations [E=EER =)
General | Steel Design | Concrete Design | SRC Design
~Load Combination List ~Load Cases and Factors
No | NamelAmiv& Type Description |5l LoadCase Factor |l
1juic [Actv  |Add » 1.0000
3 2 Activ | Add SIDL(ST) 1.0000
* T1(ST) 6800.0000
T2(ST) 4000000
T3(ST) 7300.0000
T4(ST) 6700.0000
T5(ST) 5500.0000
T6(ST) 3600.0000
TIST) 2400.0000
L T8(ST) 6400.0000
TY(ST) 5400.0000 2
T10(ST) 5400.0000
T11(ST) 7000.0000
T12(ST) 9000.0000
counter we 1.0000
*
< ] ] v -
Copy | import.. futoGeneration... | Spread Sheet Farm Copy into | [steel Design =
FieName:  |D:#04_Technical Materialf55_Cable Force Tuning e Brawse Make Load Combination Sheet |‘ Close |

| ULFload combination updated with the tuned cable force factors |
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04. Cable Force Tuning

2) Update to Present Model

1. Click Update ta Present Madel |
2. Click 2|  Perform Analysis
Catin Fomes.

Loaatombemen: [IG =] [Zom | | R | @ SowReed @ vimn Vo U |
T

5000

Sall Wight S0

(T Salf S0
Factor 1

n LK ™
| n 7 | m
1] 6800 8400 | 300

':...:u [Peccwonern ] . | Mam | [retice v] 5050 - [0 Showhags| _Seach |

50379

p—e

78968

P "\-.,/ \/ _‘_‘_‘_____,_,-"‘.’_'_
E S S e S e O L |
g g 8 g & g & 3z & 3§ 3 & 3 & g § g § 5§ P g ¢
munay [PronDan v] | Wam | [reTie x] [0% - {5 Sowhgs| _Seach |

0T

0007
B~
QM:'e:x's:R;\:éms'

Sren Load Corbratn || Licdie to Fovenct ool | | Hiew W | oo

| Cable force factor isapplied asthe new PretensionLoad |
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04. Cable Force Tuning

3) Review the results

Check the target moments of the girders from Beam Diagram.

Select Group Tree

Select Deck Total
Clicki#| Activate

Main Menu > Results > Force>Beam Diagrams
Load Cases/Combinations : CB: ULF
Component : My

© ©® N o v A wN R

Type of Display : Contour , Values check
Output Section Location : abs Max off

Output Section Location : Center check
Click

fertt <= paacrions =

4 stresses = | 1 meam/Bemant -
e = =
[ Deformations ~ FF Dugram
Comiation | 1 Forces *

il

I Moda Shapes =
H= Local orecton.. B
£ HY Results = 5 Reduction Moment

A& 1. Lines =
Mesuts

b& TH Resuks =

87 cabla Contral =
A i surfaces ~ | [ T.H Graph/ Text -
W Moving Trcer *

BT EGFE S S m

it g2 =
I came ey Text  Resuks
2 Outnut _Tlh!e;‘
R R L LI
Crr— =]
Load Canes /Cambirason
feur =]
':Im| =l
-
Comprrenta
Part  |[Totsl -
(o My ;
Cr CR O b
I o I o L
=
r g
Doy Oobors "Iél'
T Ewset  hord &)
= 5Ponis & LreFl =
Scaes o000t | WA ey
Type of Desplay. ﬁ"
¥ Contour .| [ Defrm . i
7 ovehies L. Folegend L) = -
r_v j I_:n*, =2 s e 2\ L e e iiBRe
T e e - = T R 2 Y
r =
&
Lt Sertion Lacaton =
r r r a
W oampax T mnpar T v |
==
| =2
@
| My inthe girder at the center of the elements |
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04. Cable Force Tuning

Check the target displacements of the pylons from Deformed Shape.

1. Click[# Activate All

2. Select Group Tree

2. Select Pylon

3 CIickE Activate

4. Main Menu> Results > Deformations > Deformed Shape
5. Load Cases/Combinations : CB: ULF

6. Component : DXYZ

7. Type of Display : check Values and click i

8

9

Check MinMax Only and select Abs Max
. Click
10. Click

| Checkthedisplacementat the pylon |
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