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FINAL AND FORWARD CONSTRUCTION STAGE ANALY SIS FOR APC CABLE-STAYED BRIDGE (PART II)

Summary

In an initial cable pretension analysis of PC cable-stayed bridge, initial cable forces
are calculated based on the composite section properties of girder and slab.

If a large amount of cable pretension is introduced at one time 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, exreme moments may occur and the slope of girder may become large,
which can cause cracking ofthe casting slab.

In order to consider this kind of construction feature in the model, it is necessary to
perform construction stage analysis reflecting the section properties before and after
the composite action and multiple cable 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 installment

Pt
i AVAVAVAY, VAVAVAVAS,

c) slab casting d) slab hardening and 2" tensioning

Figure 1. Construction Stage Cycle



ADVANCED APPLICATIONS

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 figures for the bridge are as follows

Bridge type: PC cable-stayed bridges

Bridge length: L = 46.5+113.5+260.0+100.0=520.0 m
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

Install 2 elasticbearingson PY1, PY2

Figure 3. General Layout of Bridge Structure
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Construction stages

[CS10] Generating towers and piers

lﬁ g £

[CS11~CS64] Generating cantilever and supportfor 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

1D Name Type of Design | Standard Elasticity Ratio Coeff. | Density

4 Tendon User Defined None 1.9613e8 0.0 0.0 76.98

5 | Mainwho Concrete None 3.7e7 02103 | 1e5 | 00

weight
€ Input zero for the
weight density of
slab because the Properties / Material Properties / Add
self-weight of the
slab  will  be Material ID>(4) ; Name>(Tendon) ; TypeofDesign> User Defined
assigned ustng Standard>None ; Modulus of Elasticity>(1.9613e8) ;
beam loads.

Poisson’s Ratio> (0) ;

Thermal Coeff.>(0) ;

Weight Density> (76.98)

Material ID >(5) ; Name>(Main w/o weight) ; Typeof Design> Concrete

Standard>None ;
Poisson’s Ratio> (0.2103) ;

Weight Density> (0.0)

|
atertal Sadion | Thidmss
©_tane Standad o6 .
1 Main Con
2 Sub Con'c Modify..
3 Cabls
4 Tendor Delete:
6 Main w/ -

cooy

Inoert
Berusber

M odulus of Elasticity>(3.7e7)
Thermal Coeff.>(1e-5) ;

5

Material D

Elaslicity Data
Typa of Desian | Concrete

Orthatrapic

Weight Density

Standard

Type of Material
® Isolropic

Name  Main w/o welght
Steel
Standard

(B8]

None
Cods
DB

Ki/ms
1/IC1

Kifme
/g

Concrite
Madulus of Elasticity | ERMINEION| iy/m+

Paisson’s Ratlo

Themml Coeficient ©
Weicht Density

Use Mass Density

Plasiicity Data
Plastic Material Name  NONE
Thermal Transfer

Specific Heat

Heat Conduction

Damping Aistio + 0B

0.2103
T.000-005| 1/

0] i
K/mefa

koal/ M [C]
keal/mhr-[C)

Figure 4. Material Property Input Dialog Box



FINAL AND FORWARD CONSTRUCTION STAGE ANALY SIS FOR APC CABLE-STAYED BRIDGE (PART II)

Definition of time-dependent material properties

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

Properties / [ER Time Dependent Material / Creep/Shrinkage / Add
Name>(Creep/Shrinkage) ; Code> CEB-HP(1990)
Compressive strength of concrete at theage of 28 days>(40000)
Relative Humidity of ambient environment (40~99)>(70)
Notational size of member>(1.5)

Typeof cement>Normal or rapid hardening cement (N, R)
Age of concrete at the beginning of shrinkage>(3)

Properties/ ¥ Time Dependent Material / Material Link
Time Dependent M aterial Type>Creep/Shrinkage>Creep/Shrinkage
Select Material for Assign>M aterials>1:Main, 5:Main w/o weight ﬂ

Operation> _#Add / Modify |

Time Dependent Material Link [N

& Add/Modify. Time Dependent Material (Creep / Shrinkage) X Time Dependent Material Type

Creep/Shrinkage | Creep/S

Code | CEB-FIP(1930) v Comp, Strength |[MOMNE [»
Select Material to Assign
CEB-FIP{1990 Sttt
. . Materials EECG
Characteristic compressive strength of concrete 40000 kh/m2 Rzl
atthe age of 28 days (fck) ¢ Iiain Con'c
2:5ub Con'c
Relative Humidity of ambient environment (40 - 99) : 0 % Jigable
. . BiMain wio w
Motational size of member : 15 m <

h=2+A/u (Ac: Section Area, u Perimeter in contact with atmosphere)

Type of cement

Operati
Rapid hardening high strength cerment (RS) peraton
Add / Modify Delste
@ Normal or rapid hardening cement (M, R)
Mo Mat Creep/Shr _Comp. St

Slowly hardening cemnent (5L) Main,.. Creep...

1
L X 5 Main,.. Creep..,
Age of concrete at the beginning of shrinkage ¢ 3 day

Shaow Result, . 0K Cancel Apply

Close

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

Construction stages of the cantilever

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

[Stagel5] [Stagel6]

Girder installment Create side-span cable, 1% tensioning
[Stagel7] [Stagel8]

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

2" te nsioning (mid-span, side-span) Move form-travelerload

L

Figure 6. Typical cycle of segment




FINAL AND FORWARD CONSTRUCTION STAGE ANALY SIS FOR APC CABLE-STAYED BRIDGE (PART II)

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 occurs. Thus, it is important that the girder and rigid links are activated
simultaneouslyin order for cable anchorages to be activated inthe deformed position.

Case A

Case B .—E—.—B—.

|
.

[

Figure 7. Activate girder and rigid links

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, self-weight of the slab needs to be assigned as a uniform beam load. Therefore,
we inputzero value for the weightdensity of 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 girder has the
composite section properties after the slab concrete is cast. Form-traveler load is
moved for installing the next segmentin stage 20.
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Repeatall the 6 stages mentioned above to install the other segments.

Structure / Group/ B Structure

Note that below is to only explain how to use the “define structure group” function.
For our case, where massive amounts of input are required, we will use MCT command
shell to import “structural group” data to facilitate the process, as described in the next

page.

Girder LS 2 _ &4 |

Y 815867

& 157160

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.

(Select nodes and elements which will be

Construction Stage Group Name Element No. Node No.
girder_LS 2 157t0160 159,160,815, 867
Stacels girder_ LM _2 167t0l170 168,169,818, 870
® girder_ RM_2 260t0263 260 to 263, 841, 893
girder_RS 2 270t0273 271 to 274, 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

Figure 8. Assign the Structure Group to nodes and elements



FINAL AND FORWARD CONSTRUCTION STAGE ANALY SIS FOR APC CABLE-STAYED BRIDGE (PART II)

Input all the Group information by using the CS_info_Group.txt file and MCT
Command Shell.

Tool / MCT Command Shell
Copy thedata from CS_info_SGroup.txt file and pasteitto M CT Command Shell.
Click on Bun o

MCT Commar

= | || command or Data : |+NODE v | Insert Command Insert Data Delete Data

*GROUP : Group
; NAME, NODE LIST, ELEM LIST ]
windshoe ,
pylan , 501 502 507 508 511toS55 601 602 607 608 611to650 905tol00s,
S501to552 S61toS68 601to647 661to66S
pier , 3001to3013 3031 3101te03107, 3001to301Z 3101to3107

girder L3 1, 161ltoldd 393 394 509 510 816 868, 1l6ltolel
girder LM 1, 165tolg7 817 869, 164tol6e6

girder L3 2, 155 160 8515 867, 157tolé&0

girder LM 2, 168 162 8§15 570, 167tol70

girder L3 3, 156 514 866, 153tolse

< i |
Run Clear Goto Line : l:l Close

Figure 9. Input Group data by using MCT Command Shell
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10

Definition of composite section for construction stage

It is necessary to tension the cables twice 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 1sttensioning of cables. Creep/Shrinkage and composite section
properties can be detemrmined by using the “Composite Section for Construction Stage”
command. Itis necessaryto assign section data before defining the composite section
for construction stage. This section data is not used for calculating the composite
section properties, but used for selecting elements, displaying hidden section, and
defining the neutral axis for assigning tendon profiles.

By dividing the whole 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 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.

Importsection data from the Section_info.mcb file.

Properties / Section Properties
Import J

Select Section_info.mcb file.

ok |

< Import Section from other Praject x
I ——m——.

Section List Selected List

All

None

N T R R RO
ko e e e s e

Nurnbering Type
® Keep ID, (if ID, already exists, It will be replaced)
New ID, -

ok Cancel

Figure 10. “Import Section from other project”dialog box
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The girder becomes

composite in Stagel9

when the curing of the

slab is comnpleted.

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 “1) Section No.” tab of
CS_info.xls 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
ElementTable. By default, the elementtable is sorted as perthe elementnumber.

Node/Element/ < Elements Table

& B [ c D Sub .
ent| Type | L | Material| Property

Section No. 3 B 7

Element Ka. Froperty Mol 101 {BEAM

235 e Yl 102|BEAM
103|BEAM
104/ BEAM
105|BEAM

0 ro
)

o
o
=]

297 242
2% 243

239 23 105 BEAM
200 203 107|BEAM
30 243 108|BEAM
302 244 109| BEAM
303 244 i BEAM
204 204 1 11| BEAM
305 244 112|BEAM
06 244 113|BEAM
420 255 114]BEAM
BEAM
1 16|BEAM
117|BEAM
116|BEAM
11| BEAM

o
=}

o
(=]
)

o
(=]
[

o
=3
1=

o
o
Gl

o
=
&
=

o
=}
=

o
=}
&

o
=]
@

o
=)
=

o
=

Figure 11. Change of the section assignment.

This process for defining ‘Composite Section for Construction Stage’ requires
Construction Stage, and Construction Stage requires Boundary Group and Load
Group, which are not defined yet. Therefore, we will revisit this page below
after we complete all these processes.

We will proceed with the following steps
Defining Boundary Group > Load Group > Construction Stage > Composite
Section for Construction Stage’

Go to Page 16to define Boundary Group.

Following steps show the procedure for defining “Composite Section for Construction
Stage” in Stage 15. Below explains, for the purpose of leaming, how to define
“Composite Section for Construction Stage”. Do not apply these as we will import all
data at once.

Load / Construction Stage Load Type/ Composite Section for Construction Stage
Active Stage>Stage_15 ; Section> CEB-HP202: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); h>(1.5)
stiff>_ | (Copythe data from CS_info.x/s and paste.)

Part>(2) ; Material Type>(Material)
Material>5:Main_w/o weight ; Composite Stage>Stagel9

11



ADVANCED APPLICATIONS

Age>(7) ; Cy>(12.12); Cz>(1.474); h>(1.5)
Stiff>_.. | (Copythe data from CS info.x/s and paste.)

Girder (Part 1) is activated in Stage 15, slab concrete is poured at Stage 18 and after 7
days, slab (Part 2) is activated in Stage 19. This indicates that the girder has
composite section properties in Stage 19. Assign material data in which the weight
densityis zero, and assign selfweightofslab using beam elementloads.

& Composite Section for Construction Stage

Section
STAGE (S 202:D_L5 2 User 6
TAGE|S 218 DLM2 Lser 2B
STAGE ]S 2% DASE  Lser 3B
STAGE 15 26 : D_AM.2  User S8
STAGE 2! 203:DLS.3 User SB
STAGE 2l 213:D_LM 3 User S8
STAGE 2| 2% :D_AS3 User SB
SiaaE s Giibina b &
X DS 4 Dser 7 .
0 STAGE 2 220 D_LMi 4 User SB GEHELS 20 M| STAGE 15
| STAGE2F 237:D_RS 4 User SB Section 02 |[eiDi52 |v
2 STAGE2F 248 D_AM 4 User SB -
5 M5 Dser -
PR mibms e @ | i O
X AV Dser i
7 STAGE® 205:DLSE User S8 Sectonkiiene =8
8 STAGE® 222 : D_LMG User SB[v || | Elementlist  [15%ol60
i 24 Part Mumber |2 =

Construction Sequence

; p ¢
Part M?;z’f‘ Material c”g“;’g”j“g || @ ‘ cz| h ‘ Stift ‘5‘
|1 |Material [1:Main Active Stag 71212 08 o .. ||
"2 Imaterial [5:Main |STAGE_I3 71202 4e] 0 Il
< >

oK Cancel Apply

Figure 12. Composite Section for Construction Stage dialog box

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

Al B [ =
N Value Unit
Stiffness 5 3120005+000]|
1
2 Part 1 0.000000e+300 | ¥
3 A 1 4.511000e+000 | ¢
4 0.000E+00 1.318000e+001 [m*
5 A.511E+00 1.113000=+000 | m*
5 1.318E+01 1.087E-01 lzz 6.712000e+002 [m®
7 1. 1136 +00 2785602 Cup 1.212000e+001 [m
g 6.TI2E+02 1.907E+02 Cym 1.212000+001 |m
a 1. 212E+01 1,040E+01 Czp 8.000000-001 | m
10 1.2126401 1. 040E+01 Cam 8.000000e-007 [m
11 8.000E-01 1,259 01 Oyb 0.000000=+000 | ¥
12 8.000E-01 2 281E-01 Qzb 0.000000e+000 | e
13 0.000E+00 0.000E+00 fil 0.000000e-+000 | m
14 0.000E +00 0.000E +00 zl 0.000000+000 | m
15 0.000E +00 0,000E +010 |y2 0.000000e+000 [ m
16 0.000E +00 0.000E +00 |z2 0.000000e+000 | m
17 0.000E+00 0,000E+00 ¥3 0.000000e+000|m
18 0.000E +00 0.000E +00 |23 0.000000e-+000 | m
19 0.000E +00 0,000E +00 [ 0.000000+000 | m
20 0.000E +00 0.000E+00 E] 0.000000=+000 | m
21 0.000E +00 0,000E +010
22 0.000E+00 0.000E +00 mport_| 0K | _Cancel |
23

Figure 13. User Stiffness dialog box

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

Tool / MCT Command Shell
Copy datafrom CS_info_Composite.txt file and pasteinto M CT Command Shell.
Click on _8un |

12



FINAL AND FORWARD CONSTRUCTION STAGE ANALY SIS FOR APC CABLE-STAYED BRIDGE (PART II)

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 construction stages. All the groups, except
these, are also used inthe completed stage.

Rigid Link is used in connecting the centroid of the girder/tower and the anchorage of
cables.ltis alsousedin modeling the towers and piers.

RL_LP 01~17

RL_RP 01~11
01~18
o~

y N : - RS =
DL B ) —
\\ RL_LS 01~16 \ RL_LM 01~16 RL_RM 01~10 / RL_RS l]1~1l]/
/
RL_A1 4
RL_Pier RL_Pyloni_ws RL_Pylon2_ws RL_A2

RL_Pier_footing

Figure 14. Boundary Groups of Rigid Link

Elastic Link is used in modeling the bearings. The boundary groups whose name is of
the order *_dis_const”, are activated and deactivated during the construction stages in
orderto restrain the rotation of the structure.

o
ELA11 X EL A2 1
EL A1 2  EL_Pier1 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.

!
[ g
I A=A\ iz o
SP_A1 é @ é SP_A2
SP_Pier SP_Pylon1 SP_Pylon2

Figure 16. Boundary Groups of Support

13



ADVANCED APPLICATIONS

Input Boundary Group

Define boundary groups and assign boundary conditions into the group as per
construction stages. Copy data from CS_info_BGroup.txt file and paste it into MCT

Command Shellin orderto define the Boundary groups.

Tool / MCT Command Shell

Copy datafrom CS_info_BGroup.txt file and paste into MCT Command Shell.

Click on

Bun J

Assign boundary conditions to the boundary groups by using the tables. Refer
construction stages and Figure 14,15 and 16 to assign the appropriate group.

Boundary > Boundary Tables > Elastic Link or Support or Rigid Link

Boundary Group Group |Nodel|Node2| Type
<Elastic Link> 1ELAI_T 390 392|GEN
2 EL_AlI_2 383 391 |GEN
Ho. e, 3 EL_pylan 57| 394|GEN
2 EL AL D 4/EL_Pylon 561 393|GEN
3 EL_pylonl_1 5 EL_pylon B67 396 | GEN
4 EL_Pwlon1_2 6 EL_pylon 661 395|GEN
5 EL_pylon2_1 7IEL_AZ2_1 398 400|GEN
g EL_pvlonZ_2 BIEL_42 2 397] 399 GEN
A 9 EL_pier_1 3013 3015/ GEN
3 TR DELpier2 | 3012 3014/GEN
10 EL_pier_2 1 |Last_pylo 164 564 |GEN
11 Last_pyvlont 2 Last_pylo 257 664 |GEN
12 Last pylan2 3 EL_paylan 5BV 394GEN
13 EL_pylont_1_dis_const 4/EL_pylon 551 393 GEN
14 EL_pylon1_2 dis_const 5 EL_pylon Be7 396 GEM
15 EL_pylon2_1_dis_canst
16 EL_pylon2_2_dis_const IS TH T 661 395 |GEN
<Support> de | Dx| Dy | Dz| Rxz| Ry| Rz| Group
o B 3 11 1 11| 1[sPal
289 SP_AT J 3900 1 1 1 1 1 1RISP_AT
333 §$2; ] omw o [a  )spaz
T EEN o mmm o o i) spoaz
] SP_pylont ] st | 1) SP_pylon
= ggg:}g;; | osm2 v a0 [ | 1)sPopylon
E P_pviong _1oem ot | [ 1l SPopylon
3106 5P _pier | sz v [ [ | 1)sPopylon
w1 gl
<Rigid Link> 2 (gl WIRRRAN
GIRRL_RF2 it
M Nusgze No. Hir_u;;ﬁ 1Tli.'l‘zle1 Slave Mode List salrL_rr3 11
643 AL_RP3 1111 G4 AL_RP3 [RARAN!
a0
536 RL_RPI0 [N 354 584 GIQAL_ AR [ARARN
648 AL_RF11 i E47 649 B9 AL_RPS [RARAN!
3107 BL_pier footing ARRARNI 3001 3002 fos [=TIN=T=lS 111111
[= (=TI T IERRER]

14

Figure 17. Assign Boundary Group



FINAL AND FORWARD CONSTRUCTION STAGE ANALY SIS FOR APC CABLE-STAYED BRIDGE (PART II)

Check temporary boundary conditions
Check additional temporaryboundary conditions to restrain the rotation of the girders.

!

EL_Pylon1_1_dis_const EL Pylon2 1_dis_const
EL_Pylon1_2_dis_const EL_Pylon2_2_dis_const

Figure 18. Positions of temporary restraint

These boundary groups are activated to restrain the rotation of the girder at an early
stage when it is a cantilever. They are deactivated when the cantilevers on both sides
are connected to the piers, andthe key segmentofmain spanis installed.

[Stagell] Activate Pier Table
Activate EL_Pylonl_1_dis_const
Activate EL_Pylonl_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
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Boundary > Boundary Tales > Elastic Link Table

Check below data in the Elastic Link Table, which will be used as temporary boundary

conditions.
[Unit: kN, m]
Nodel Node2 Type SDx SDy SDz SRx SRy SRz Group
567 394 Gen 0 0 0 lell 0 Tell [ 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
i Base als

16

Figure 19. Temporary restraints
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Definition of Load Groups

Load cases to be used in construction stages

Load cases inthis tutorial are as follows.

Load Case Name Description Remarks
Self Weight Self weight. Auto calculation by the program.
Ten_* 1™ tensioning before composite. Cable Pretension.

10 to 20% of initial cable force.

Cable Pretension.

* nd R H
Ten2_ 2 tensioning after composite. 80 to 90% of initial cable force.

Cable force adjustment after

3rd Tension . Cable Pretension.
closing key segment.
FT Form traveler load. Nodal load. .
Moveas per construction stages
Cross&sSlab Self weight of cross beam and ]
slab.
Counter Weight - -
Tendon Prestress Prestress by tendon. -
2nd Dead Superimposed dead loads. -

Self weight of the structure and superimposed dead load are already inputted in the
completed stage model. 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 girder. If large pretension forces are introduced at
one time before the composite action occurs, it will not only be difficult to control the
member forces, it will also cause cracking of concrete. Therefore, 10 to 20% of initial
cable pretension is applied before the composite action occurs, and the balance
pretension is applied separatelyafter pouring the concrete slab.

Define Load Groups usingthe CS_info_LGroup.txtfile.

Tool / MCT Command Shell
Copy datafrom CS_info_LGroup.txt file and paste it into MCT Command Shell.

Click on _ B | J
Input loadings considering construction stages.

Figure 20 shows the procedure for constructing one segment of the PC cable-stayed
bridge using the cantilever method.

17
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a) girder installment

b) cable installment and 1” tensioning

-

i

e

T

S

) )

c) slab casting

d) slab hardening and 2™ tensioning

Figure 20. Construction Stage Cycle

For example, Stagel15to Stage20 are typical stages in which asegmentis installed.

Stage Description Load
Stagel5 Girder installment Self weight of girder
Stagel6 Side-span cable installment 1% tensioning
Stagel7 Mid-span cable installment 1% tensioning
Stagel8 Slab and cross beam casting Self weight of slab and cross beam
Stagel9 Composite section properties 2" tensioning
Stage20 M ovement 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 L2 1, Ten_sc R2 1 -
Stagel7 Pretension | Ten_mc_L2_1, Ten_mc_R2_1 -
Cross&slab_LS 2
Stagels Nodal Load | Cross&slab LM 2 )
% Beam Load | Cross&slab RS 2
Cross&slab RM_2
. Ten_sc_L2_2, Ten_mc_L2_2
Stage19 Pretension Ten_sc R2 2, Ten_sc R2 2 )
FT_LS 2, FT_LM_2 FT_ LS 1,FT_LM_1
Stage20 | Nodal Load | cr=p\73™ =7 Re) FT RS 1, FT_RM_1




FINAL AND FORWARD CONSTRUCTION STAGE ANALY SIS FOR APC CABLE-STAYED BRIDGE (PART II)

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

Self-Weightis calculated automaticallybased on the material and section data.

Load / Static Loads / (% SelfWeight
Load Case Name>Self Weight ; Load Case Group> Self Weight
X>(0) ; Y>(0); Z>(-1) _&dd | 4

Mode | Element | Boundary | Mass  Load |
[Self Welaht =

—Load Cage MName

Self Weight -] .
Load Group Mame
“self welght vI _I

— Self Weight Factor

wat.z Wty
4 Mat. X
X
® |0
¥ |0

4| | B
~Operation—————————————
Add | Modify | Delete |

LClose |

Figure 21. Self-Weight dialog box
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Input cable pretension forces using the “Pretension Loads” command.

Load / Temp./Prestress/Prestress Loads / #* 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

J

Elernent B

Pretension Loads

Load Case Mame
Ten_15

Load Group Mame
Ten_sc_L2_1

Options
@ &dd Feplace

Pretension Load

1025.29

Apply

Delete

kM

Close

Figure 22. Input cable pretension forces

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

Load / Load Tables / Prestress Load / " Pretension Loads

al s [T ¢ T o ] E |
q Cable Pretension
2 Elemant Load Case [Tension(kh) | Load Group ]
203 1543 3rd Tension 784.53 An ar R ARARD [ .
204 1550 Ten_50 2041.25 Elem Lerrsen TE'I:I:_;II‘UI'I Grou
206 1550 Tenz_50 3674, 26|
206 1550 3rd Tensian 882.6 1401 |Ten_1 980.66|Ten_sc_L16_1
207 | 1551 Ten 51 2131, 55 1402|Ten_2 1643.47|Ten_sc_L15_1
208 1551 Tenz 51 2‘9‘-35.: 1402 Tenz_2 3432.36| Ten_sc_L15.2
% e ST Salnﬁfl 1403 Ten_3 197126/ Ten_sc_L14_1
== 1403|Tenz_a 418,78 Ten_sc_L14_2
1404|Ten_4 1666.76|Ten-_sc_L13.1
1404|Tenz_a 4903.32|Ten_sc_L13.2
1405|Tan_5 1601.18|Tan_sc_L12.1
1405 |Tanz_5 1961.33|Tan_sc_L12.2

Figure 23. Input cable pretension forces




FINAL AND FORWARD CONSTRUCTION STAGE ANALY SIS FOR APC CABLE-STAYED BRIDGE (PART II)

Input self-weight of cross beams and slab using “Nodal Loads” and “Beam Loads”
commands. Below is to show how to manuallyinputnodal loads and beam loads.

For the purpose of this tutorial, all data will be imported with using the provided excel
file

Load / Static Loads / ¢+ Nodal Loads
[=dSelect by Window (Node. 158, 160)
Load Case Name>cross&slab ; Load Case Group>Cross&slab_LS 02
X>0) ; Y>(0); Z>(-254.973)
Do not press “Apply” button. We will import all data at once.
Load / Static Loads / T Element Loads
[sSelect by Window (Elem. 157t0160)
Load Case Name> Cross&Slab ; Load Case Group>Cross&slab_LS 02
Direction>Global Z
Value
x1>(0) ; x2>(1); w>(-127.486)
Do not press “Apply” button. We will import all data at once.

Wodal Loads

Load Case Name
CrossasSlab

Load Case Mame

Crossdslab - Load Group Name
Crossaslab_L5_02
Load Group Name

Crossdslab L5.02  |v

Options
© Add Feplace Delete
Options

@ Add Replace Delete

Load Type
Uniform Loads -

Modal Loads ©
7S N ——————0N:
=
MZKI}MY FY i_"—JX‘
2 e
E’ SR Eccentricity
¥ X
Direction @ Global 7
Fx |0 KN Projection Yes @ No
Fy |0 kN Walue
Fz |-254973 W © Relative > Absolute
i] =10 we -127 485
MK kh:m weli
my |0 kN-m %3
Mz |0 kN x4
Unit: kN/m
Apply. Close

Apply Close

Figure 24. Input self weight of cross beam and slab

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

¥

Load / Load Tables / <+ Nodal Loads
Load /Load Tables / 2! Beam Loads

21



ADVANCED APPLICATIONS

Construction Stage Analysis

Define construction stages.

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

Following steps show the method for defining construction stage in Stage15.
For the purpose of this tutorial, all data will be imported with the following steps in the
next page.

Load / Construction Stage Load Type/ [ﬁ% Define C.S (Construction Stage)
Add
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

£ EumHuse Construction, Stage x
Stage Additional Steps
e Day: [0 add Delete
Name : Stage_15 { Example: 1,3 7,14 3 | Modfy Clear
Duration : 14 2l | Step  Day
= dants) Auto Generation
Save Result
e Step Mumber |0
| Stage Additional Steps

Generate Steps
Current Stage Information. .

Element | Boundary | Load

Group List Activation Deactivation
windshoe IS Element Force

pylon fge ¢ I ) day(s) | | Redistibution : 100 25

=
>

Group List Group List
Mame Age HName Redist,
CEEARR I

Oonrt Bomdary 150

it] geal @ Determad

CooCoooooooooooao
=1 <
@
=
()
oy bl i iy, e ol
%
1

=1
@
=
=
=t

rder_LS_1
Aae-m

n

Figure 25. Compose Construction Stage dialog box

The whole construction schedule is summarized in “7) Stage” tab of CS_info.xlIsfile.
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FINAL AND FORWARD CONSTRUCTION STAGE ANALY SIS FOR APC CABLE-STAYED BRIDGE (PART II)

Construction Stage

MAME Durat Element Boundary Load
lon active deactive active deactive active deactive
STAGE15 | 14 girder_L3_2(7). girder LM _2(7), RL_LE2(D), RL_R32(D), RL_LM2(D),
- girder_RM_2(7), girder_RS_2(7) RL_RM2(D)
STAGE_16 | 14 |Cable_L3_2(0), Cable_R3_2(0) Ten_sc_L2_1(F), Ten_sc_R2_1(F)
STAGE_17 | 14 |Cable_LM_2(0), Cable_Ri_2(0) Ten_mc_L2_1{F), Ten_mc_R2_1(F}
Crogsgslab_LS_2(F), Cross&slab_LM_2(F),
STAGE_18 | 5 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_T(F),
STAGE.20 | 14 E,;gjz((l?) FT_LM_2(F), FT_RM_2(F), ET_LM_I(E),
it ET B 1(F}
STAGE_21 14 girder_LS_3(7), girder_LM_3(7), RL_LS3(D), RL_RZ3(D), RL_LM3(D)
- girder_Rk_27), girder_R3_3(T) RL_RK2(D)
STAGE_22 | 14 |Cable_L5_3(0), Cable_RS_3(0) Ten_sc_L3_1(F), Ten_sc_R3_1(F)
STAGE_23 | 14 |Cable_LM_3(0), Cable_RM_3(0) Ten_mc_L3_1(F), Ten_mc_R3_1(F}

Figure 26. Construction schedule Stagel5 to Stage23

Input construction stage data using the CS_info_Stage.txtfile.

Tool / MCT Command Shell

Copy datafrom CS_info_Stage.txt file and pasteitinto MCT Command Shell.
Click on Bun o

Go back to Page 13 to complete the process of defining ‘Composite Section for Construction
Stage’.
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ADVANCED APPLICATIONS

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 initial cable pretension is applied at the time of 1st
tensioning, and 80 to 90% is applied at the time of 2nd tensioning. Iterative
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 |[™ L
camber Adjust cable
Assign constraints l pretension
satisfying initial
equilibrium state Compare final cable] TGy
tension and design
¢ cable tension
Construction | +——
M stage analysis i (OK)
Adjust cable
L pretension Verify cable tension (NG
at each stage
Verify member T
forces
(NG} i (0K
oK
Verify member forces at]
h st:
Specify design cable] each stage (MG}
tension l (0K
l discli]cigrkpeal%eefnipglnd (MEY | Adjust camber for
Generate camber fo camber tower and PC girde
tower and PC girder|
l (oK)
Adjust des‘ign cable (NG} Verify member Lok Initial cable pretensiof
tension orces analysis ends

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

Perform Analysis and Review Results

24
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FINAL AND FORWARD CONSTRUCTION STAGE ANALY SIS FOR APC CABLE-STAYED BRIDGE (PART Il)

Review deformed shapes

Review horizontal displacements oftowers and vertical displacements of main girders.

Results/ Deformation / 2 Deformed Shape
Stage_114
Load Cases/Combination>CS:Summation
Components> DX
Stage_114
Load Cases/Combination>CS:Summation
Components> DZ

Wil 2013 - |C:Wsers\Ravi Kraiv | DssKTop) tutorals £ be checked| 12 Cabse Stayed Bridge_lay Park|Part 2_mods! review required | 12]

EJ\_'IAH'JLH
" Ve Shucwe Wefe/emest Propetes Bondary lLoad Andbss Remds PSC Pushowes Desgn Query Took

9% [1 [ moselview (B vodeivew 13

Uesiage_y Anstsie Message ‘
Nodad12 Ui 193,701, 2,8689, 93,890, G: 199,701, 2.5689. 93,890

Figure 28. Deformed shapes
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Review member forces

Review member forces in towers and main girders.

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

g e mEEa: O 0 st ot 12 e e,y Pt . e s 2 e o Cax
B o st s Sy ot bk b EE Db Do Gy Toh

= Moo

{

g g 0 PPy g PP

Hassage iWndow

Figure 29. Bending moments

26



FINAL AND FORWARD CONSTRUCTION STAGE ANALY SIS FOR APC CABLE-STAYED BRIDGE (PART II)

Review analysis results of composite girders

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

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

Member forces by section parts

Section Axial womenty | Momentz
Elem | Load |Togt | Part | g dem | oy

105 Com 1 1| —zsoeasy 1261.64 0,03 .
105 Com z || -zosesml 0,87 0,02 Stresses by section parts
108/ Com 1 I -saseese 758,15 016
106 Com 2 ! 24006, 20 1247 0.034) | Bend{~y) | Bendi+z) | Bend(-2) | Coimin/max)| Chbif-yr2) | ChHey+z) | Chd+y=2) | Cha(-y-2)
107/ Com 1 1| -apsanes 188923 020) | kW/me) | eN/me [ G | GNme | Gelme) | kNme | GkNme) | (kN/me)
07| Eerm = UL =Eedsel a2 00505 00 ~540.1 5401 ~37AT0 -3r47a| 37478 -3m4ra  -avang
) S I 0 SEEIEE U 02348 00 ~100.8 1792 -4287,3 42673 —4ee73|  -42e73| 42873
15 Eaim 2 UL cEsnses N 0.0 g 00 -3826 3826 -a566.8)  -45663| 45068  -45668| 45868
() Eim il LI 17y D 0.27/g 0.0 B0 1071 -so0z| 30082  -4o082|  -4g093)  -ao082
] Eaim £ Ul =EEEs D 0.05 g 00 -o5B4 9534 33533 -4353,3| 43533 43533 -43533
10 € I UL =ClerilEl  SEERE 002 4§ 00 -508 2684 -51808  -51608| 51608 51608 -5160.8
0 Eem = UL sz =Y 00045 [ -836.2 9362 -4298,2  -42082| 42082  -42082| 42082
illcom il OL__=Eshinsy SBUL 0.05 48 00 -1474 262,1 -5087.0)  -s087.0|  -s087.0|  -s087.0  -5087.0
ilCom 2 UL il e 0.01fg 0.0 1798 1798 —45T%6|  -45TRE|  —457i8|  -457i8| 45718
2| Eam il LI 2155 BEED 0.05/g 0.0 283 504 -MgBE|  -M25E| 44263  -MZE3|  -44283
1z e e UL =EE=mily 5 0.02fg 0.0 6504 -69d 65515 -5551,5| 65518  -5551,8)  -55518

110 Com 2 -4 00 00 1039 -1845 -4396.2)  -49962 49952  -49962| -49952

111 com 1 1| -szing 0.0 00| -1mEs 166,6 -5210.7 -5210.7

111 Com 2 || 53578 -00 0.0 234 52.3 -5367.9 -5367.8

112|Com 1 1| -sam.o 0,0 00 -4:03 30,3 -5071.0 -5071,0

112|Com z 1| -sams 0,0 00 675 1205 54336 54338

113 Com 1 1| -sesaT -0.0 00 61| 3161 -5258,7

113 Com 2 1| a3 0.0 00 498 -85 -4932.3

114/Com 1 || 2858 -00 0.0 6735  -b735 -6285.9

114/ Com 2 I|_-5mies 0,0 00 1051 -188,8 5784

15| Com 1 1| -seen 00 00 -10880) 10980 -5BE0.3

115|Com z 1| -essza -0.0 00 -17z6 E -65839

Figure 30. Result tables of the composite section
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