Tutorial

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

Summary

In the initial cable pretension analysis of a PC cable-stayed bridge, initial cable forces
are calculated based on the composite section properties of girders and slabs.

If a large magnitude of cable pretension is introduced at once at the stage when only
the girder is installed in construction stage analysis, the cable forces can be controlled
effectively because the cable pretension at the 2 stage of tensioning is quite small.
However, excessive moments may occur and the slope of the girder may become
large, which can cause cracking of the slab.

In order to reflect this kind of construction features in the model, it is necessary to
perform construction stage analysis reflecting the section properties before and after
the composite action and appropriately distributed cable tensions over 1% and 2™
tensioning.

This tutorial shows the construction stage analysis process considering the section
properties before and after the composite action, by using the “Composite Section for
Construction Stage” function.

a) girder installation

had

R 'f*”;‘*%”“*’:‘if_'
| 5

c) slab casting d) slab curing and 2™ tensioning

Figure 1. Construction Stage Cycle
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Figure 2. Analysis model

Bridge dimensions

This tutorial has been based on a real project of a PC cable-stayed bridge, and has
been simplified. We are going to review the main features of MIDAS/Civil for the
construction stage analysis with the cable pretension forces calculated in an initial
cable forces analysis.

The data for the bridge are as follows.

Bridge type: PC cable-stayed bridge

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

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

Number of cables: 52x2 sides = 104

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

Place 2 elastic bearings on PY1 & PY2

Figure 3. General Layout of Bridge Structure



Construction stages

[CS10] Generating towers and piers

[CS11~CS64] Generating cantilever and support for abutment A2




ADVANCED APPLICATIONS

Definition of Properties

Definition of Material Properties

Input additional material properties for the construction stage analysis.
[Unit : kN, m]

. Modulus of | Poisson’s | Thermal | Weight
ID Name Type of Design | Standard | —py, iy Ratio | Coeff. | Density
Tendon User Defined None 1.9613e8 0.0 0.0 76.98
1\%;111 flvt/o Concrete | None | 3.7¢7 | 02103 | le-5 | 0.0
$¢  Input zero for the g

weight density of

lab b th i ]
slab because the Model / Properties / Material
self weight of the

slab will be
assigned using Material ID>(4) ; Name>(Tendon); Type of Design> User Defined
beam loads. Standard>None ; Modulus of Elasticity>(1.9613e8) ;

Poisson’s Ratio> (0) ; Thermal Coeff.>(0) ; Weight Density> (76.98)
Material ID >(5) ; Name>(Main w/o weight) ; Type of Design> Concrete
Standard>None ; Modulus of Elasticity>(3.7e7) ;

Poisson’s Ratio> (0.2103) ; Thermal Coeff.>(1e-5) ;

Weight Density> (0.0)

| section] Trickess |

ID[Name _ [Type [Standard [DE
1 Main Con'c
2 SubCon'c
3 Cable

Material D[4 Name [Tendon ‘

- Elasticity D:
User Defined

Type of Design [User Defined _~
Delste I = andat [iane

Copy gj o8 Bl
Wser
Import Defined Concrete
Fenumber Type of Material Standard | =
@ [86H3pIE ¢ Orthotrapic DB B

~User Defined

Modulus of Elasticity : [ 1.9613e 008 kN/m=

Paisson’s Ratio 0

Thermal Coefficient 0.0000e+000 1/[C]

Weight Densiy [ %% kyme

I™ Use Mass Density T k/me/a

&

Modulus of Elasticity : [TIT00 iy/ma
0

4 Tendon User Def
5 Main_w/o weight ~Concrete

Close

Faisson’s Ratio
Thermal Cosfiicient + [TI00E000 147¢)

Weight Density 1 kh/me

I~ Use Wass Density T kh/me/g

Plasticity D:

( Plastic Material Name [NONE - ‘
Thermal T
{ Specific Heat 0 Jg/kNIC] ‘

Heat Conduction 0 JfmhrIC1
Cancel ol

Figure 4. Material Property Input Dialog Box
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Definition of time-dependent material properties

Define the time-dependent material properties of concrete to reflect creep and
shrinkage for the construction stage.

Model / Properties / @ Time Dependent Material (Creep/Shrinkage)
Name>(Creep/Shrinkage) ; Code> CEB-FIP
Compressive strength of concrete at the age of 28 days>(40000)
Relative Humidity of ambient environment (40~99)>(70)
Notational size of member>(1.5)
Type of cement>Normal or rapid hardening cement (N, R)
Age of concrete at the beginning of shrinkage>(3)

Model / Properties / & Time Dependent Material Link
Time Dependent Material Type>Creep/Shrinkage >Creep/Shrinkage
Select Material for Assign>Materials>1:Main, 5:Main w/o weight ﬂ

Operation> _Add / Madify |

Add/Modify Time Dependent Material {Creep / Shrinkage) Time Dependent Material Link. .. ‘
MNarne : |Mair| Code : |CEB-FIP - ~ Time Dependent Material Type —
o Creep/Shrinkage [Main = J
MONE =] ..
Compressive strength of concrete at the age of 28 days : 40000 KAz (s, Biengly J
Relative Humidity of ambient enviranment {40 - 99) : [ = % - Select Material to Assign
q p g TG . Selected
Notational size of member‘ ; : ‘ m IMaterials Materials
h=2=+4Ac /u (Ac: Section Area, u @ Perimeter in contact with atmosphere)
T'Main Con'c TMain Con’c
Type of cement 2:5ub Con'c
0 a a 3:Cable
¢ Rapid hardening high strength cement (RS) A:Tendun ﬂ
& Pamal a7 fapid fiardening cement (N, ) SUELTG

¢ Slowly hardening cement (5L} ﬂ

Age of concrete at the beginning of shrinkage : 3 _‘: day

Operation
Show Fiesult, [ OR_] Cancel [ Annly | ’V Add / Modity | Delete

Mo | Mat Creep... | Com|
1 Main C...  Main
5 Mainow.. Main

Figure 5. Input time-dependent material properties
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Definition of Structure Groups

Construction stages of the cantilevers

The following figures show the repetitive process for generating the cantilevers. Define
the Structure Groups as per the construction sequence.

[Stagel5] [Stagel6]

Girder installation Create side-span cables, 1** tensioning
[Stagel7] [Stagel8]

Create mid-span cables, 1* tensioning Assign cross beam load and slab loads
[Stagel9] [Stage20]

2" tensioning (mid-span, side-span) Move form-traveler load

L

Figure 6. Typical cycle of segment installation
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The user must activate the girder and rigid links simultaneously in stage 15, as shown
below in Figure 7, Case B. If the rigid link is activated in the stage where the cables
are activated, as shown below in Figure 7, Case A, a vertical distance will exist
between the girder and cable anchorages. This is because the girder has a deflection
due to its self weight, whereas the cable anchorages are generated before the
deflection takes place. Thus, it is important that the girder and rigid links are activated
simultaneously in order for cable anchorages to be activated in the deformed position.

Case A

Case B —t 1

|
1

— -
1

[

Figure 7. Activate girders and rigid links

The side-span cables and mid-span cables are activated and tensioned at stage 16
and stage 17. Assign different Structure Groups to the side-span and mid-span cables.

Slab and cross beams are cast in stage 18 after 1st tensioning of cables. As explained
later, the self weight of the slab needs to be assigned as a uniform beam load.
Therefore, we input zero value for the weight density of the slab.

The stiffness of the composite section is automatically increased in the composite
stage. In this tutorial, the cross beams are considered as loads, instead of assigning
them as elements in the geometric modeling.

The 2nd tensioning of cables is introduced in stage 19, when the girders retain the
composite section properties after the slab concrete is cast. The form-traveler load is
moved for installing the next segment in stage 20.
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Repeat all the 6 stages mentioned above to install the other segments.

Model / Group / ﬂ Define Structure Group
Girder LS 2 249 |

Y 815867 - |°<_P° 157tale0

(Select nodes and elements which will be

assigned to the Structure Group defined above)
Select the Structure Group and assign a group by right-clicking the mouse and

invoking the Context Menu.

Construction Stage Group Name Element No. Node No.
girder LS 2 157t0160 815, 867
girder LM_2 167to170 818, 870
Stagel5 .
girder RM_2 260t0263 841, 893
girder RS 2 270to273 844, 896
Stage16 Cable_LS 2 1415, 1515 -
Cable_RS 2 1444, 1544 -
Stage17 Cable_ LM 2 1418, 1518 -
Cable_ RM_2 1441, 1541 -
Stagel8, 19, 20 - - -

&% MIDAS,/ Civil

(G Fle Edit Yew Model Load Analysis Resuls Design Mode Query Took  Window Help - 8%
i Fregue... ‘ Grid/Snap | UCSIGES | View Co...| Activation| |: Wizard | Hode | Element | Property | BC/Mass  Stage ‘ Load | Moving | Settlement | Result | Influence Li...| Query |

(e Fmgrr e @ . o) s TIPS I
DEE X Do SR BEILLEE G0 0 BY 55 ag| § s - | £, 1snoten | EI
Tree Menu 2% 4 & Model View 1 -
Menu | Tables  Group ‘ works |

% Group

E ﬂ Structure Group :

(= cirder LS de=( ; Element=D

; nl, Boundary Group : 0 M

‘% Load Group : 0 Assign Plus

‘i Tendon Group : 0 Assign Minus

Select
Unselect

Active
Inactive

Delete

Rename

[k @i%%l%@@@'lh%i-*l t Do® 50

Message Windaw 7 x
|
=

>

HIA]* ¥ command Message £ Analysis Message [

For Help, press F1 Node-12][U: 61,301, 10,61, 20.31](G: 61,301, 10.8L, 20.31[kN  ~|[m ~ _|_|_||W il_l?/

Figure 8. Assign the Structure Groups to nodes and elements
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Input all the Group information by using the CS info Group.txt file and MCT
Command Shell.

Tool / MCT Command Shell
Copy the data from CS_info_SGroup.txt file and paste it into MCT Command
Shell.

Clickon B | |

&) 5_info_SGroup.tst [_ O]
Fle () Edit(g) Help ()
=GROUP  ; Group -
; HAME, NODE_LIST, ELEM_LIST
windshoe .
pylon , 561 502 567 568 511to555 661 602 667 608 611to650 905t01008, W
i 5ﬂ1tﬂ55§ﬂf£1t;f‘:g g:; i MCT Command Shell [_[o[x]
pier N o
g;:gs:*lﬁ*:’ ::;ig:g? gzg = | & | command or Data : [-NODE ~| Insert Command | Insert Data | Delete Data |
girder LS 2, 159 160 815 8 [ f’
A H p
gi:ﬂs:—tg—; a3 BAB |5 MANE, NODELIST, ELEM_LIST
girder_LM_3, 172 173, incehoe
girder L5 &, 151 15 pylon . 501 502 507 508 5110555 601 602 607 608 B11to50 905to1008, #
girder LH_&, 176 17 5010552 B61t0568 BO1toB47 661to668
girder LS 5, 147 1 nier . 300103013 3031 3101te3107, 3001t03012 3101te3107
1 = girder-LS_1, 161to164 393 334 509 510 816 853, 16Itol63
derLM_1, 1E5tolE7 817 859, 164tal68

1
1

der_LS_2, 159 160 815 867, 157tolE0
2

168 169 8148 870, 167tol70 -
3

Bun Clear Goto Line : Cloge

Figure 9. Input Group data by using MCT Command Shell
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Definition of composite section for construction stage

It is necessary to tension the cables over two stages in order to exactly reflect the
construction stages in a PC cable-stayed bridge. The girders become composite when
the slab concrete is cast after 1st tensioning of cables. Creep/Shrinkage and
composite section properties can be determined by using the “Composite Section for
Construction Stage” command. It is necessary to assign section data before defining
the composite sections for construction stages. This section data is not used for
calculating the composite section properties, but used for selecting elements,
displaying hidden sections, and defining the neutral axis for assigning tendon profiles.

By dividing the entire section into several parts based on construction stages, and then
defining the stages to be activated, material properties, neutral axis, and section
properties by parts, the analysis is performed based on the composite section
properties.

It is important to understand that “Composite Section for CS” can be defined by
section IDs. Therefore, even though some elements could have the same section
properties, their section IDs should be different in order to define “Composite Section
for CS” for the elements which are activated at different construction stages. The 3
section types used in the completed stage model are stored separately. They are
named after the activated stages.

Import section data from the Section_info.mcb file.

Model / Properties / ﬂ Section
Import | A

Select Section_info.mcb file.
S Y

@ Keep ID, (if ID, already exists. It will be replaced)

© NewlD. Startin) o [i =
Cancel

Figure 10. “Import Section from other project” dialog box
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€ The girder becomes
composite in Stage19
when the slab is cured.

§ Refer to Figure 11
and input the stiffness
by parts.

Change section property data of all the elements with the section data named after the
activated stages. Copy section property data from the “2) Section No.” tab of
CS_info.xlIs file and paste it into the Property column in Elements Table. Make sure
that the sorting order of element numbers is identical in the MS-Excel spreadsheet and
Element Table. By default, the element table is sorted as per the element number.

Model / Properties / & Elements Table

Al B ‘ & LD nt| Type ?Ub Material| Property
Section No. 82

1 10| BE AhA 1
2 Element No Froperly BRSPS 101|BEAM 1
199 296 102| BE AW 1
200 297 242 103| BEAM 1
201 298 243 104| BEAM 1
202 293 213 105|BEAM 1
203 300 243 106| BEAM 1
204 | 243 107| BE AW 1
205 302 244 108| BEAM 1
206 303 244 109| BEAM 1
207 304 244 110|BEAM 1
208 305 244 111|BEAM 1
209 308 284 112|BEAM 1
210 420 255 113|BEAM 1
211 114|BEAM 1
115|BEAM 1

11E|BEAM 1

117|BEAM 1

118|BEAM 1

119|BEAM 1

Figure 11. Change of the section assignment.

The following steps show the procedure for defining “Composite Section for
Construction Stage” in Stage 15.

Load/Construction Stage Analysis Data/@ Composite Section for Construction Stage
Active Stage>Stage_15 ; Section> CEB-FIP202:D_LS_2
Composite Type>User ; Part Number> (2)
Construction Sequence
Part>(1) ; Material Type>(Material)
Material>1:Main Con’c ; Composite Stage>Active Stage
Age>(7) ; Cy>(12.12); Cz>(0.8)
Stiff>_... | (Copy the data from CS_info.x/s and paste.)

Part>(2) ; Material Type>(Material)
Material>5:Main_w/o weight ; Composite Stage>Stage19
Age>(7) ; Cy>(12.12); Cz>(1.474)

Stiff>_. | (Copy the data from CS_info.x/s and paste.)

11
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The girder (Part 1) becomes activated in Stage 15; the slab concrete is poured at
Stage 18 and after 7 days, the slab (Part 2) becomes activated in Stage 19. This
indicates that the girder will have composite section properties in Stage 19. Assign
material data in which the weight density is zero, and assign the self weight of the slab

using beam element loads.

| Active Stage STAGE_I5 |
& [ Section EE Fra|
s [Composits Tups  [Ter =
8 Section Type User
® Section Shape 58
& Element it [15A5160
38 | PartMumber [2 =]
S8 rc i
Material Composita siif, [ Carr
Par| MEeREl [ Material e | #as| Gy | cz |suf) S0 |0
| [Material_|1: Main C__|Active Stag 71212 08 -
2 [Material |5 Main_w | STAGE_19 7l 1e0z] an] e
Bl I I |

Figure 12. Composite Section for Construction Stage dialog box

Input the stiffness data of the girder and slab before composite action takes place, by
using the data in the “2) Composite Stiff’ tab of CS_info.xls file.

Al B I c [D] User Stiffness
. ~

q Stiffness Value
[2 ] Part | B 3120005-+000 | i

3 5 0.000000e+000 |7
[a] 0.000E+00 4571 000=+000 | %
[5 ] 4.511E+00 1.3180008+001 |m*
[5 | [ 1.087E-01 Iy 1.1130002+000 | m*
7 1.113E+00 2. 7802 lzz 6.712000e+002 m*
[s ] 67126402 1.307E+02 oo 1.212000e+001 |m
[9 | 1.212E+01 T 090E01 Cym 1.212000e+007 [m
[0 ] 1.212E 401 T.040E+01 Czp 8.000000e-001 | m
[t 8000E-01 1,259-01 Cem 8.000000e-007 |m
12 ] 8.000E-01 2 241E-01 Oyb 0.0000002+000
EER 0.000E+00 0.000E+00 Ozb 0.000000e+000 | ¥
[14] 0.000E+00 0,000E+00 [l 0.000000e+000 | m
[15 | 0.000E+00 0,000E+00 21 0000000000 m
s | 0.000E+00 0,000E+00 Iﬁ_ 0000000 +000 | m
(7| 0.000E+00 0,000E+00 2 0.000000e+000|m
EEY 0.000E+00 0.000E+00 =] 0L.000000=-+000 | m
[19 | 0.000E+00 00006700 |z3 0.000000e-+000 | m
20| 0.000E+00 0.000E+00 v 0.000000e+000[m
[o1] 0.000E+00 D00 | |E 0.000000=-+000 | m
% 0.000E+00 0.000E+00 Import I ’TI Cancel I

Figure 13. User Stiffness dialog box

Input the stiffness data of the girder after composite action takes place, by using the
MCT Command Shell as follows:

Tool / MCT Command Shell
Copy data from CS_info_Composite.txt file and paste into MCT Command Shell.
Clickon 80 |

12
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Definition of Boundary Groups

Boundary conditions to be used in construction stages

All the boundary groups are shown in Figure 14, 15 and 16 by the boundary types
such as Rigid Link, Elastic Link and Support. Some groups (*_dis_const) of Elastic
Links are activated and deactivated during the construction stages. All the groups,
except these, are also used in the completed stage.

Rigid Link is used in connecting the centroid of the girder/tower and the anchorages of
the cables. It is also used for modeling the towers and piers.

RL_LP 01~17
RL_RP 01~11
01~16
= 01~
N iy : — -
\ \\1\ RL_LS 01~16 RL_LM 01~16 RL_RM 01~10 / RL_RS 01~10
RLLAT N\ \ / /
\\‘- RL_Pier RL_Pylon1_ws RL_Pylon2_ws RL_A2

\
" RL_Pier_footing

Figure 14. Boundary Groups of Rigid Link

Elastic Link is used for modeling the bearings. The boundary groups whose name is of

the order *_dis_const”, are activated and deactivated during the construction stages in
order to restrain the rotation of the structure.

ELA1I1 & g EL_A2_1
EL A1 2  EL_Pier 1 EL_Pylon1_1 EL_Pylon2_1 EL_A2 2
EL_Pier_2 EL_Pylon1_2 EL_Pylon2_2
EL_Pylon1_1_dis_const EL_Pylon2_1_dis_const
EL_Pylon1_2_dis_const EL_Pylon2 2 dis_const
Figure 15. Boundary Groups of Elastic Link
“Support” command is used for assigning supports.
SP_A1 é ) SP_A2
$P_Pier §P_Pylond §P_Pylon2

Figure 16. Boundary Groups of Support

13
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Input Boundary Group

Define boundary groups and assign boundary conditions into the groups as per the

construction stages. Copy data from CS_info_BGroup.txt file and paste it into MCT

Command Shell in order to define the Boundary groups.

Tool / MCT Command Shell

Copy data from CS_info_BGroup.txt file and paste into MCT Command Shell.

Click on

Bun

Assign boundary conditions to the boundary groups by using the tables. Refer to the

construction stages and Figure 14, 15 and 16 to assign the appropriate groups.

Boundary Group Nadel Node2
- 390|392
<Elastic Link> 39 EEL
o, Group Nadel 567 354
1 EL &1 1 390 561|393
2 EL_A12 389 g7 398
R =
5 EL pyionz | N G du
5 EL_pylon2_2 661 397|399
7 EL_42_1 358 3013|3015
] EL A2 7 397 a0z 3014
3 EL pier_| 3013 1§ Last_pylonl 164] 564
10 EL_pier. 012 18 Lasi_pylonZ 2587 664
11 Last_pyloni 164
12 Last pylon2 267
<Support> Node | Dx| Dy | Dz | Bz | By | Rz
e i 383 1 [ 1 [ 1 [0 [ 1 [ 1fflsPai
389 SP_Al b= ) O O R DO = )
330 SP_A 397| 1 1 1 1 1 1 §ISP_AZ
ggg g';ig s 1 [ [ s
o SO 501 1 | | 1| 1 [ 1] 1)/SP_pylon
502 SP_pylonl 02| 1 1 1 1 1 1§ SP_pvlon
E01 SF_pylon2 BO1| 1 1 1 1 1 1§ SP_pylon
;UD?E S;PVET? Boz| 1 | 1 1|1 |1 18P pyion
£ 3106 1 1 1 1 1 1§ SP_pier
<Rigid Link> M-Node Type
M-Node No Group Type Slave Mode List 0 el (il
642 FAL_APE [TEEEE] 966 985 1o ALLSIE i1
543 AL_RFS T 962 987 IOgALLEIS  QUin
544 AL_APS T 955 965 VI§ALLS14 Q1111
645 AL_RF10 T 963 983 il [GETER (NEEE
546 FL_RP10 T 964 384 ndALLsiz Jiiin
648 RL_RP11 RRRRE] 647 643 128 RL_pier 1111
3107 RL_pier_footing JARARNI 3001 3002 128/AL_Ls11 1111

Figure 17. Assign Boundary Groups
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Input temporary boundary conditions

Input additional temporary boundary conditions to restrain the rotation of the girders.

EL_Pylon1 1_dis_const EL_Pylon2_1_dis_const
EL_Pyloni 2 dis_const EL_Pylon2 2_dis_const

Figure 18. Positions of temporary restraints

These boundary groups are activated to restrain the rotation of the girders at an early
stage while the girders remain as cantilevers. They are deactivated when the
cantilevers on both sides are connected to the piers, and the key segment of main
span is installed.

[Stagel1] Activate Pier Table
Activate EL, Pylonl_1_dis_const
Activate EL._Pylon1_2_dis_const
Activate EL._Pylon2 1 dis_const
|£ Activate EL._Pylon2 2 dis_const

[Stage77-2] Connect cantilever and pier

Deactivate EL_Pylonl_1_dis_const
Deactivate EL_Pylonl 2 dis_const

Deactivate EL_Pylon2_1_dis_const
Deactivate EL_Pylon2_1_dis_const

15



ADVANCED APPLICATIONS

16

Refer to the table below and input the temporary boundary conditions.

[Unit : kN, m]

Nodel | Node2 Type SDx SDy SDz SRx SRy SRz Group
567 394 Gen 0 0 0 lell 0 lell | EL_pylonl_1_dis_const
561 393 Gen 0 0 0 lell 0 lell | EL_pylonl_2_dis_const
667 396 Gen 0 0 0 lell 0 lell | EL_pylon2_1_dis_const
661 395 Gen 0 0 0 lell 0 lell | EL_pylon2_2_dis_const

Model / Boundaries / ﬂ Elastic Link

Boundary Group Name>EL_pylon1_1_dis_const

Link Type>General ; Part Number> (2)
SDx>(0) ; SDy>(0); SDz>(0)
SRx>(1e11) SRy>(0); SRz>(1e11)

2 Nodes>(567, 394)
2 Nodes>(561, 393)
2 Nodes>(667, 396)
2 Nodes>(561, 395)

5

Option> Add

Node | Element  Boundary | Mass | Load |
Elastic Link =
Boundary Group Name
EL_pylon!_1_dis_const = _|
Options
& Add £ Delete

; Elastic Link Data

i {Ref.

| =

N

: i

Link Typi
& General Type ¢ Rigid Type
© Tens,-only ¢ Comp,-only

sox [0 ka/m
soy [0 kgm
80z [0 /m
Shx [Tl khim/lrad]
shy [T kNm/lrad]
shz [TeTl khem/lrad]

I~ Shear Spring Location

Distance Ratio From End |

soy: [I5  spz: [i5
Beta Angle ¢ [0 ~| rdeq]
2Modes : [B67 3¢

~ I Copy Elastic Link
€ Node e, Distance
Finle Gl Oy C2
Distances: i
53 45, d@50)

Apply Clase

[ Example ¢
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Figure 19. Temporary restraints



Final and Forward Construction Stage Analysis for a PC cable-stayed bridge (Part Il)

Definition of Load Groups

Load cases to be used in construction stages

Load cases in this tutorial are as follows.

Load Case Name Description Remarks
Self Weight Self weight Auto calculation by the
program
L . Cable Pretension.
k3 st
Ten_ 1% tensioning before composite 10 to 20% of initial cable force
Ten2 * 2" tensioning after composite Cable Pretension.

80 to 90% of initial cable force

Cable force adjustment after

Cable Pretension
closure key segment.

3rd Tension

Nodal load

FT Form traveler load Move as per construction
stages

Cross&Slab Self weight of cross beam and )

slab

Counter Weight - -

Tendon Prestress | Prestress by tendon -

2nd Dead Superimposed dead loads -

The self weight of the structure and superimposed dead load are already inputted in
the completed stage model. The load groups for the loadings have to be defined and
activated at the respective construction stages. FT load case, which is the form-
traveler load, is activated only during the construction stages. Creep and Shrinkage
are reflected when calculating the prestress losses. Initial cable pretensions are
calculated based on the composite section properties of the girders. If large pretension
forces are introduced at one time before the composite action takes effect, not only will
it be difficult to control the member forces, but it will also cause cracking of concrete.
Therefore, 10 to 20% of the initial cable pretension is applied before the composite
action takes place, and the balance pretension is applied separately after pouring the
concrete slab.

Define Load Groups using the CS_info_LGroup.txt file.

Tool / MCT Command Shell
Copy data from CS _info_LGroup.txt file and paste it into MCT Command Shell.
Clickon 80|

17



ADVANCED APPLICATIONS

18

Input loadings considering construction stages

Figure 20 shows the procedure for constructing one segment of the PC cable-stayed

bridge using the cantilever method.

a) girder installation

=

e

~ ]
T _-f’”;“-“’;.”’“-’”;f’ti' o
| R

c) slab casting

d) slab curing and 2™ tensioning

Figure 20. Construction Stage Cycle

For example, Stage15 to Stage20 are typical stages in which a segment is installed.

Stage Description Load
Stage15 Girder installation Self weight of girder
Stagel6 Side-span cable installation 1* tensioning
Stagel7 Mid-span cable installation 1* tensioning
Stagel8 Slab and cross beam casting Self weight of slab and cross
beams
Stage19 Composite section properties 2" tensioning
Stage20 Movement of Form Traveler Deactivate/Activate FT load
Stage Load Type Load Groups activated Load Groups deactivated
Stagel5 Self Weight | Input Self Weight at 1% stage -
Stagel6 Pretension | Ten_sc 12 1, Ten_sc R2 1 -
Stagel7 Pretension | Ten_mc L2 1, Ten_ mc R2 1 -
Cross&slab_LS 2
Stagel8 Nodal Load | Cross&slab_LM_2 i
Beam Load | Cross&slab_RS 2
Cross&slab_RM_2
Stage19 Pretension %E_ZE_IIQZZ_ZZ’, 1]1?111_151,’::0_1%22 —22 -
Stage2) | Nodal Lowd | propi's b RS> FTRSLFTRM1




Final and Forward Construction Stage Analysis for a PC cable-stayed bridge (Part Il)

In this tutorial, the loading data is inputted using the tables. The input method of
loadings during Stage15 to Stage20 (described above) is given below.

The Self Weight is calculated automatically based on the material and section data.

Load/ ﬂ Self Weight
Load Case Name>Self Weight ; Load Case Group> Self Weight
X>(0) ; Y>(0); Z>(-1) _4dd | .

Mode | Element | Boundary | Mass  Load |

[Self Welght =]
—Load Case Mame

Load Group Mame
“self weight vl _I

— aelf Weight Factor

4] | Bl
~Operaton—————————————
Add | Modify | Delete |

Cloze

Figure 21. Self Weight dialog box

19
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Input cable pretension forces using the “Pretension Loads” command.

Load / Prestress Loads / ﬂ Pretension Loads
Select by Window (Elem. 1415, 1515)

Load Case Name>Ten_15 ; Load Case Group> Ten_sc_L2_1
Pretension Load>(1025.29) Add | 4

Mode | Element | Boundary | Mass  Load |

|Pretension Loads =] E

—Load Case Mame

[Ten_15 = L]

~Load Group Mame————————
[Ten_sc_L2_1 =l |

—Dptions
& Add " Replace ¢ Delete

—Pretension Load

[105.23 Kh

Apply | Close |

Figure 22. Input cable pretension forces

Input cable pretension forces using the data in “4) Pretension” tab of CS_info.xIs file.

Load / Load Tables / ﬂ Pretension Loads

Al B T ¢ 7 D | E [
g Cable Pretension
2 Element Load Case | Tension(kh) Load Group |

203 1543 3rd Tension 784.53 B0 sc B ARARA 1 .

204 1550 Ten_50 2041.25 Elem Leerleren Telrllil\un Grou,

205 1850 Ten2_50 3674.26 [—

206 1550 3rd Tension 862.6 1401 Ten_ 980,66 Ten_sc_LI6_1
| 207 | 1551 Ten.51 2191.88 1402/ Ten_2 1643.47| Ten_sc_L15_1
[ 208 1551 Ten2 51 2191.88 1402/ Ten2_2 3492.36| Ten_sc_LIE_2
% e e e 1403 Ter_a 1971.26| Ten_sc_L14_1

e 1403|Ten2_3 416,79 Ten_sc_L14_2

1404|Ten_4 1686, 76| Ten_sc_L13_1
1404 | Ten2_4 4903,32|Ten_sc_L13._2
1405 Ten & 1801.19|Ten_sc_L12.1
1405 Ten2_5 1961.33| Ten_sc_L12.2

Figure 23. Input cable pretension forces
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Input the self weight of cross beams and slab using the “Nodal Loads” and “Beam
Loads” commands.

Load / Nodal Loads / ¢ Nodal Loads
Select by Window (Node. 158, 160)

Load Case Name>cross&slab ; Load Case Group> Cross&slab_LS_02
X>(0) ; Y>(0); Z>(-254.973) _&pply | 4

Load / Nodal Loads / &| Element Beam Loads
Select by Window (Elem. 157to160)

Load Case Name> Cross&Slab ; Load Case Group> Cross&slab_LS_02
Direction>Global Z

Value
x1>(0) ; x2>(1); w>(-127.486) &eply | 1

Hode | Element | Boundary | Mass  Load \

l—_l D Hode | Element | Boundary | Mass  Load \
MNodal Loads -
Element Beam Loads 1]

Load Case Mame

CrossaSlab | | o
Load Group Mame

Crossdslab L5302 =] ..,
Optiong

@ Add ¢ Replace (" Delete

Load Case Name
CrossaSlab 2
Load Group Name
Crossssiab L5 02 = .
Options
& Add C Replace ( Delete

~Load Type

~MNodal Loads Unifarm Loads -
FZ o
MZQI;MY Fr Nl)—llllll o2
z =
. =
k“' @
o 1o
Direction : [GlobalZ =1
Fr [0 K Projection 1 Yes & No
~Walue
A7 0254 ETE] L @ Relative ¢ Absolute
=l 50 1[0 w127 456
wx [0 Khm 0 [ [
A KM P O i
Mz [0 kh-m B g
Unit: KN/m

Apply Close Apply Close

Figure 24. Input self weight of cross beams and slab

Input Nodal Loads and Beam Loads using the data in “5) Nodal” and “6) Beam” tabs of
CS_info.xls file.

Load / Load Tables / ¥ Nodal Loads
Load / Load Tables / & Beam Loads
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Construction Stage Analysis

Define construction stages

Construction stages are definded by the activation and deactivation of Structure
Groups, Boundary Groups and Load Groups.

The following steps show the method for defining construction stage in Stage15.

Load / Construction Stage Analysis Data/ | Define Construction Stage

Stage

Name>Stage_15 ; Duration> 14
Element Tab

Active Group>girder_LS/LM_2, girder RM/RS_2 ; Age>7
Boundary Tab

Active Group>RL_LS2, RL_LM2, RL_RM2, RL_RS2

Compose Construction Stage [x]
Stag Additional Steps ——————————————————
Stage : STAGE-T5 =]~ Y — Add | Delete
hame : STAGE-15 ¢ Examplei 1,3, 7,14 _Modify | Clear
Duration :  [14 =| [Step [Day |
St dayls) Auto Generation

Save Fesul
Step Number ([T =
( FEEGE [ Addilonal Steps P

Generate Steps

Current Stage Infarmation, ., |

Element | Boundary | Load |

Group List _I ~ Activatiol ~Deactivatio
windshoe - Elernent Force
Ea:f" . Age 1 [0 =1 dayts) | | Redistibution : [100 =] 5
girder_L5_
a rger_\[gf\_al Group List Group List
SiderLM3 Hame [Age | Name [ Redist.
girder_ 3.4 girder L5 2 7
rder LM._d girder LM-2 7 Boundary |
R airder AM2 7
e girder RS2 7 ) - Heactivat
;ds;iLMis Group List _I r - Deactivatio
rder 57 T = | - Sunport / Spring Pasition
g;gg;:kgj; K g " Original & Deformed
dirder 155 b Group List Group List
SroerLSn o | | Mot | el | || | A : [Fostion Name |
arce L0, o e N
Lalo eformed
'"‘ng efarmed
(15 eformed
IS I e
L5158
L5168
LMl
M3

LIM3

S o | A | Modiy | Delete Add Delete

ThaT

Figure 25. Compose Construction Stage dialog box
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Final and Forward Construction Stage Analysis for a PC cable-stayed bridge (Part Il)

The entire construction schedule is summarized in “7) Stage” tab of CS_info.xIs file.

Construction Stage

MAME Durat Element Boundary Load
lon active deactive active deactive active deactive
STAGE_15 | 14 girder_LS_2(7), girder_LM_2(7), RL_LS2(D), RL_RS2(D), RL_LM2(D),
- girder_AM_2(T), girder R3_2(T) RL_RM2(D}
STAGE_16 [ 14 |Cable_LS_2(0), Cable_RS_2(0) Ten_sc_L2_1(F) Ten_gc_R2_1(F)
STAGE_17 [ 14 |Cable_LM_2(0), Cable_RM_2(0) Ten_mc_L2_1(F), Ten_mc_R2_1(F)
Cross&slab_LS_2(F), Cross&slab_LM_2(F),
STAGE_18 | & Crosséslab_RS_2(F), Crosséslab_RM_2(F)
Ten_sc_L2_2(F), Ten_mc_L2_2(F),
STAGE_19 | & Ten_mc_R2_2(F), Ten_sc_R2_2(F}
FT_L3_1(F),
STHGE_20 | 14 E,lﬁss,g((?) FTLM2F, FLAM2EL e i),
- FT BM 10F),
STAGE_21 14 girder_L3_3(7), sirder_LM_3(7), RL_L33(D), RL_RS3(D). RL_LM3(D),
- girder_RM_3(7), girder_R3_3(T) RL_RM3(D)
STAGE_22 [ 14 |Cable_LS_3(0), Cable_RS_3(0) Ten_sc_L3_1(F) Ten_sc_R3_IF)
STAGE_23 [ 14 |Cable_LM_3(0), Cable_RM_3(0) Ten_mc_L23_1(F), Ten_mc_R3_1(F)

Figure 26. Construction schedule Stage15 to Stage23

Input construction stage data using the CS_info_Stage.txt file.

Tool / MCT Command Shell
Copy data from CS_info_Stage.txt file and paste it into MCT Command Shell.
Clickon B |
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Construction stage analysis

In the PC cable-stayed bridge, iterative analysis is required to obtain the optimal cable
pretension forces through forward construction stage analysis.

As mentioned above, 10 to 20% of the initial cable pretension is applied at the time of
1st tensioning, and 80 to 90% is applied at the time of 2nd tensioning. lterative
calculations are performed until the optimal member forces are obtained for reviewing
the analysis results.

In this tutorial, we have already input the cable pretension loads that are calculated by
performing iterative analysis.

Initial cable pretension
analysis starts

Final stage -
analysis Construction
stage analysis |
L considering |
camber
Adjust cable
Assign constraints l pretension
satisfying initial
equilibrium state

Compare final cable
tension and design (NG)
L cable tension

Construction -
—® stage analysis (0K)
Adjust cable
retension
l P Verify cable tension (MG)
at each stage

Verify member T

forces

(NG} l (0K}
JES
Verify member forces at
h st
Specify design cable each stage (NG}
tension
J, (K
l Compare final (NG) Adjust camber for
displacement and #tower and PC girder]—
Generate camber for camber
tower and PC girders

J' (0K)

Adjust design cable (NG) Verify member (0K)
tension DEEEE—— forces

Initial cable pretension
analysis ends

Figure 27. Iterative analysis procedure to obtain the optimal cable pretension



Final and Forward Construction Stage Analysis for a PC cable-stayed bridge (Part Il)

Review analysis results

Review deformed shapes

Review horizontal displacements of towers and vertical displacements of main girders.

Results / Deformation / ﬂ Deformed Shape
Stage_114
Load Cases/Combination>CS:Summation
Components> DX
Stage_114
Load Cases/Combination>CS:Summation
Components> DZ

[ MiDas; Civil [_[olx]
© file Edit view Model Load Analysis Resuts Design Made Query Tools Window Help
i Freque.,, | Grid/anan | UCS/GCS | View <o, .| Activation| |3 " Wizard [ Nede | Element | Praperty | B<CiMass | stage [ Load | Meving | Sectlement | Result | Infiuence Li. | query |

[EEEE TR 1) - | R o B B 2 R | A b |

DSR|X |2 -8R &%E LIER A0 BY 25 3@ 7 -1 =1
Tree Menu ax 1 Model View | & ModelView: 1 b x|
Reactions _ Deformati | Forces | Stresses |

Deformed Shape =
~Load Cases/Combinations
C5 Summaton ] L
Step [Last Step -
@ Displacement: ) Velasity
€ poceleration
€ phsolute Aoseleration

@ DX cov  CDZ
DRV CDVE ¢ DRZ
CDXVE

~Tupe of Display
I Deform .| [ Undeformed
I~ Values .| I Legend ..
I~ Animate | T~ Mirored ..
I Current Step Displ.
I Siage/5tep Feal Displ
I Hinge Status

Apply Close

S0 BB P2 A0 K+t D026

Message Window ax
|
=l
>
M>>I command Message £ 7 JLe |
For Help, press FL ode-25)[U: 516,08, -10.51, 107G 51608, -10.61, 10.7[kN_ ~|[m ] 4] 4| »ll[ron =] 2| H/ 2 H

Figure 28. Deformed shapes
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Review member forces

Review member forces in the towers and main girders.

Results / Deformation / M Beam Diagrams
Stage_114
Load Cases/Combination>CS:Summation
Components> My

STAGE_114 - BB Bl & ke

[-[=1x]
-

- Load Cases/Combinations
CS: Summation |
Step [Last Step gl

I¥ /i Diagram

~Comporents————————————
CFx CoMx
CFy  CF  CFy
GMy  CMz Mz
I Show Truss Foroes
I Oily Truss Forces,

~Display Optians

€ Exact  No Fil
& SPaints || & |ine Fill

Seale:[T.00000 | Solid Fill

I Animate .| [ Undeformed
I~ Minored .| Quick View ..
I Currert Siep Force

Output Section Location
Ll I~ Center. 71
| £ba ey = Minvas Al

AN

D ¥ 22 SRIGE LLHRAEDEIBY BE asl ¢ Br:3 o
Tree Henu 3% (4G Model View |

Reactions | Deformati... Forces | Stresses |

Beam Diagrams S|

Type of Display ———————
¥ Contour .| ¥ Defarm L. e [ S TR WGz AP I
I~ Values .| [ Legend .| .I

4L BB kdr<sPdIFI aiess t ODO

Figure 29. Bending moments
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Final and Forward Construction Stage Analysis for a PC cable-stayed bridge (Part Il)

Review analysis results of composite girders

Review member forces/stresses by section parts of the composite section.

Results / Result Tables / Composite Section for C.S. / Beam Force

Member forces by section parts

Figure 30. Result tables of the composite section

Section Axial Momenty | Momentz
i A sl ) domy’ | e
105 | Com 1 1| -zB0R4ET 126184 0,09
105 | Com 2 1| -20985,01 20,87 0.0z Stresses by section parts
106 | Com 1 1| -5938654 754,15 016
106 Cam 2 ! ~24006.20 1247 00388 Bendi-y) | Bend(+z) | Bendi-z) | Chimin/mac)| Cbil-y+z) | Cha(ty+z) | Ch3ley-z) [ Codi-y-z)
107 Cam 1 | -32597.25 1889.23 0.20 CkNAme) | (kNAme) | (kN/me) (kN/me) (kN/me) (kN/me) (kN/m=) | (kNS/me)
iL0lEon 2 S 77305 i) ) ao[  eand 6401 —F7%|  aMia  a41a  -31478|  amata
08| Com 1 1| -5718463 184541 0.23 a5 e e e
108|Com z 1| -zaEisae 30,52 0,04 00 sEzs 26 4568
109 Com 1 1| -s4ziETE 354,43 0.27 00 503 071 Y]
109 Cam 2 1| 2164459 5.5 0.05 00| -ssae w60 e
110/ Cam 1 || -mis7e0|  -1zsess 0.0z 20| s0g 2660 1608
110/ Com 2 || -pada3tes -21.50 000 | ez .2 ETE
111 Com 1 1| -ssmrar 367,92 0,05 THIRNEL o e
111 Com z 1| -26249,15 6,08 0,01 00 798 <1798 58
112|Com 1 1| -7 845,20 0,09 0 783 01 FTE]
112/ Cam 2 1| -26570.10 14.03 0.02 w0 594 6594 e
: . 00 1039 1846 -1936,2
111/com 1 1| -szog -0.0 00| 1866 186.6 —s210.7
111/ Cam z I -s3678 0.0 00 734 523 —5367.9
112|Cam 1 1| =som,0 -0.0 00 4303 4303 —5071,0
112/ Com z 1| -sasse -0.0 00 678 1205 54336
113 Cam 1 1| -sesa7 -0.0 00 3161|  -F161 52587
113/ cam z 1| -assz3 -0.0 00 42,8 885 -1952,3
114/ Cam 1 \| -sesss -0.0 0.0 6735 6735 62859
114 Cam z I -s7iEs -0.0 00 1081|1886 —5718,4
115/ Cam 1 1| -ses04 -0.0 00| -10360] 1090 —5660,4
115/ Cam 2 1| -ese3g -0.0 00 1726 3069 —6583.9
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