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Construction Stage Analysis of Prestressed Concrete Box Bridge (FCM) using General Functions

Construction Sequence and Construction Stage Analysis for FCM

In this tutorial the sequence for construction stage analysis is outlined. The example
selected is a prestressed concrete box girder bridge constructed using the Free
Cantilever Method (FCM). The construction stage analysis is performed using the

“FCM Wizard”.
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Note: This exampleis a 3-span FCM bridge constructed with 4 Form Travelers (FT).



ADVANCED APPLICATIONS

In the construction stage analysis, the construction sequence given below should be
followed precisely. The construction stage analysis capability of MIDAS/Civil
comprises an activate/deactivate concept of Structure Groups, Boundary Groups and
Load Groups. The sequence of construction stage analysis for FCM is as follows:

Define material and section
Structure modeling

Define Structure Group
Define Boundary Group
Define Load Group

Input Load

Arrange tendons

Prestress tendons

© © N o o ~ 0w N PR

Define time dependentmaterial property
10. Perform structural analysis

11. Review results

Steps 2 to 8 are explained in “Construction stage analysis using FCM Wizard”. In this
tutorial, the procedure for analysis of a FCM bridge from steps 1 to 8, using general
functions will be explained. The procedure for steps 9 to 11 is identical to the one
given in “Construction stage analysis using FCM Wizard”, and will not be repeated in
this tutorial.



Construction Stage Analysis of Prestressed Concrete Box Bridge (FCM) using General Functions

Assign Working Environment

To perform a construction stage analysis for a FCM bridge, open a new file (D New
Project) and save ( = Save)as ‘FCM General.mcb’.

Assign the unit system as ‘kN’ and ‘m’. The unit system can be changed arbitrarily
during modeling, as perthe convenience of the user.

> 0 New Project
> H Save (FCM General)

@ The unit system Tools Tab/ Unit System @

selected  can  be Length>m ; Force>kN .
changed by clicking
on the unit selection

button in the Status

Bar located at the )
Fe)
bottom of screen.

Length Force {Mass) Heat
B m Mo (kg cal
m @ kN {tan) keal
f
iy kot (k) @]
tonf (ko)
i IbF () i
in kips (kips/g) Btu
Temperature
@ Celsius Fahrenheit

Moke © Selected units are displayed in relevant
dialog boxes, Yalues are MOT changed with
1niks.

Set/Change Defaulk Unit Sy skem

(1] 4 Apply Zancel

Figure 1 Assign unit system



ADVANCED APPLICATIONS

Define Section and Material Properties

Define material properties for the girder, pierand tendons.

Properties Tab/ Material Properties

Boundary  Load

Properties

H User Define Change Property tj

reep/Shrinkage % Material Link

Material Plastic Section
Weoperti Comp. Strength Matetial | Propertiss
Material Timne Dependent Material Plastic

Type>Concrete ; Standard>ASTM (RC)
DB>Grade C5000

Type>Concrete ; Standard>ASTM (RC)
DB>Grade C4000

Name>Tendon ; Type>User Defined
Modulus of Elasticity (2.0e8)
Thermal Coefficient(1.0e-5) o

. o

Material ID 1 Hame Grade C5000
Material Section | Thickness
Elasticity Data
I Name Type standard DB Add... Steel
Type of Design | Concrete =)
1 Grade CS000 Concrete  ASTMRC) Grack o Standard izl
2 Grade C4000 Concrste  ASTM(RC) Gradk .= 0 o8 =
3 Tendon User Def, Delete [
Concrete
Sopy Standard | ASTMIRC) =
Import Type of Materisl Code izl
Renumber @ Isotropic DB Grade C5000 =
Steel
Modulus of Elasticity : 0.0000&-+000 | kim2
Poisson's Ratin 0
Thermal Cosfficient: 0.0000-+000 | 1/1C]
Weight Density 0| kifm?
K Z o] kimefa
Concrete
Close Modulus of Elasticity : 2.7601e+007 | gy
Poisson's Ratin 0.2
Thermal Cosfficient: 2.00002-006 | 1[c]
\Weight Density B 23.56 | pyim>
Use Mass Density: 0 | lagimesg

Plasticity Data
Plastic Makerial Mame | NOME =

Thermal Transfer

Specific Heat 8 o IkNTC]
Heat Conduction  : o ek [C]
Damping Ratio : 0.05
oK Cancel Apply

Figure 2 Material Data input dialog box



Construction Stage Analysis of Prestressed Concrete Box Bridge (FCM) using General Functions

First, define the pier section by User Type and then define the box section. Using the
Tapered Section Group function, section properties for a variable section range can
easily be calculated using the definiton of a variable section range (by Group)
together with the input of dimensions at both ends. While using the Tapered Section
Group function, itis unnecessary to define all the dimensions for each segment - only
the section properties for pier and center span segmentare needed.

Define the piersection.

Properties Tab/ Section Properties
DB/User tab
SectionID (1) ; Name (Pier)
Section Shape>Solid Rectangle ; User>H(1.8),B(8.1)

% Properties. X % Section Data X
e
Material Section Thickness
DB/User,

DD Mame  Type  Shape | Add... Sedtiond |1

1 Pier User B eten [ soid Rectangle v
Modfy...

2 Span PSC 1CEL
3 Support P 1CEL e
4 Span-Supart Tapered  1CEL Looy hazely) Pier ® User 08 -
5 Support-Span Tapered  1CEL Copy
6 Support-Span Tapered  1CEL =
7 Support-Span Tapered  1CEL Impart Sect, Name -3
8 Support-Span Tapered  1CEL
9 Support-Span Tapered 1CEL Renumber
10 Suppert-Span Tapered  1CEL
1 Support-Span Tapered  1CEL
12 Support-Span Tapered  1CEL
13 Support-Span Tapered  1CEL
14 Suppart-Span Tapered  1CEL v
15 Support-Span Tapered  1CEL
16 SUppart-Span Tapered  1CEL b
17 Support-Span Tapered  1CEL  [v

< >

H L& m
HilB Bigl Close B 8.1 i

+ Consider Shear Deformation,

Offset :  Center-Center
Change Offset ...

Show Caleulation Results, ., oK Cancel

FHgure 3 Set Section dialog box



ADVANCED APPLICATIONS

Define the section properties ofthe box girder at the center span.

Properties Tab/ Section Properties
PSC tab
SectionID (2) ; Name (Span)
Section Type>1 Cell
Joint On/Off>JO1 (on), JI1 (on), JI5 (on)
@ The section offset Web Thick. > Check all boxes marked Auto
is defined at the Offset>Center-Top9

Center-Top because
the sections are of OQuter

variable shapes. HO1 (0.25) ; HO2(0.35) ; HO3(2.1)
BO1(2.8) ; BO1-1(1.05) ; BO3(3.55)
Inner
HI1 (0.275) : HI2(0.325); HI3(1.59)
HI4 (0.25) : HI5 (0.26)
BI1 (3.1) : BI1-1(1.35)
BI3(3.1) ; BI3-1(1.85)

< Section Data s || = psE viewer x
DEfser | psc
sectonId |2 T PoC-LCELL, 2CEL v
HOL] L_Jol
Name | Span Mesh Size for Suff, Calc, m o2 Dorp——jo2
HOZ2
Jaink OnjoFF Cuter
P01 @ O || por [025 |w o1 [28 |m j—
EOT'1
1.050  1.750 450 1.750  1.350 X Om @ || e o T oo b T
‘ ‘ { N ‘ ‘ 103 (n3 Hoz-1 |0 m  Bot2 [0 m o BOL-Z
Section Type Hoz2 |0 m ez 0 m
®1cel Ho3 (21 I po2a O m
\—\ zcel Hoa-1 |0 m  Bog (355 |m
facaL
Tnner
o [025 |n o [31 |
3.100 Shear Check g | M0 B0l (135 BOL BO2 BO3
o e W || Mt 2 m ez |0 m
g —— Hzz |0 m Bl |0 m Viewer
entrol HI3 (1615 | B3 (31 m
|05 jn @ | s [0 m B (18
web Thick, Hi4 025 m B2 O m
for Shear(total)  Auto || HI+-1 |9 m  BM 0 m
1.050| 1.750 4Sd 1.250 ‘ 1.850 e [Lisadm G || W2 0 m
205 HE (026 |
n @
2.800 3.550
B (05 |n @ ! Consider Shear Deformation
For Torsien(min.y
044999900,
Offset: Center-Top
Change Offset .., Table Input... Display Centroid
Show Caleulation Results oK Cancel

Figure 4 Define Center Span Section



Construction Stage Analysis of Prestressed Concrete Box Bridge (FCM) using General Functions

Define the section properties ofthe box girder at the supports.

Properties Tab/ Section Properties
PSC tab
SectionID (3) ; Name (Support)
Section Type>1 Cell
Joint On/Off>JO1 (on), JI1 (on), JI5 (on)
Offset>Center-Top
Outer
HO1 (0.25) ; HO2(0.35) ; HO3(6.4)
BO1(2.8) ; BO1-1(1.05) ; BO3(3.55)
Inner
HI1 (0.275) ; HI2(0.325) ; HI3(5.3)
HI4 (0.25) ; HI5(0.85)
BI1 (3.1) ; BI1-1(1.35)
BI3(3.1) ; BI3-1(1.85) d

< Section Data | & PSC Viewer x
e
SectionID |3 .
i
o] HHOE 02
Wame | Supart Mesh Size or Stif, Calc, m HOZ2
@cnnt onjoff Guter s
@i O || goy (025 |n  Bor [28 |m "
02 (M2 N5 || pop (035w oport | LOS hos| | P02
1.050  1.750 450 1.750 1.350 8 B Hoz1 |0 m  Bo12 |0 m
{ 5 e Hoz2 |0 m Boz O m
@ Hos 84w Bo2 D [ Th0s-1
zCel Hoz-1 |0 m  B03 (355 m
Q= \—\ o Ioner E3) 02 503
w025 lnooem (31 |y
e 3.325 W BI-L ;.35 b ier
3.100 a2 m B2 m
S S Hizz |0 m Bl |0 m
o & i entrek e (535w omm (31 m
2 0 B bin @ gy [0 mo BIFL | L85 |
© 0.5 2 [0
Tt Hi4 - m B2 : m
- far Shear(total) (R m B m
3 tifs |m @ [ NM2 2 m
« 5 085 |m
t2: [0s000dm @
23 [08999m @ I Consider Shear Deformation.
For Tarsion(min.)
1.050| 1.750 hsq 1.250 | 1.850 i
2.800 3.550 Offset s Conter-Top
Table Inpu... Display Centroid
Shaw Calculation Resuts... o Cancel

@ To generate a

Tapered Section
Group using Tapered
Ty pe sections,

predefine Tapered
Ty pe sections.

§¢ Each segment is
designed as a linear
tapered member
because it is difficult
to fabricate a curved
formwork. Hence,
define the section
changes within a
tapered segment as
linear, and model
each segment as one
element.

Fgure 5 Define Box Section at Supports

After completion of section property input, generate section properties for the
Tapered Type using Section ID 2 and 3.9

Properties Tab/ Section
Tapered tab
SectionID (4) ; Name (Span-Support)
Section Type>PSC-1 Cell ; Joint On/Off>JO1 (on)
Size-l> | Impor.. | (span)
Size-J>| Import.. | (support)
y AXis Variation>Linear ; zAxs Variation>Linear9
Offset>Center-Top ﬂl



ADVANCED APPLICATIONS

SectionID (5) ; Name (Support-Span)
Section Type>PSC-1 Cell ; Joint On/Off>JO1 (on)

Size-I>/_Impart.. | (Support)

Size-J>|___Import.. | (Span)

y Axis Variation>Linear ; zAxis Variation>Linear

Offset>Center-Top

< Section Data & PSC Viewer:
DB/User Tapered
Section 1D | 4 TF escice v HOL| o

Mame | Span-Support

Dimension

BO1-1
E— o
BO1-2
Jo1 I3 HO3
Joz r
JO3 r
JI ~ THO3-1
Ji2 r
j:j F EOL EO2 EO3
JI5 I
Impart "i Imﬁnrt PSC Section i
I1-Auto I
A 73 + Include Options(Joint, Type, Shape)
S1Auto " + Include Options{shear Check, Minimum Web Thickness)
52-Auto I Select PSC Section
S3-Auto 2 2:5pan Import
. =3 [ 3:5uppart
Cancel

y Axis Variation Linear v

2 Axis Wariation Linear A

' Consider Shear Deformation,

Mesh Size for SHFF. Calc, m
Offset :  Center-Top
Change Offset .., Display Centroid
Show Calculation Results., . ok Cancel Apply

FHgure 6 Tapered Sections



Construction Stage Analysis of Prestressed Concrete Box Bridge (FCM) using General Functions

Structural Modeling

Model FCM Bridge using general functions of MIDAS/Civil.

To perform construction stage analysis, construction stages must first be defined. In
MID AS/Civil, there are two working modes - Base Stage mode and Construction
Stage mode.

In Base Stage mode, any structural model, load condition and boundary condition
can be defined, but the structural analysis is not performed. In Construction Stage
mode, the structural analysis is performed, but the structural model input data cannot
be modified or deleted except for the boundary conditions and load conditions.

Construction stages do not comprise of individual elements, boundary conditions or
load conditions, but comprise of Activation and Deactivation commands for the
Structure Group, Boundary Group and Load Group. In the Construction Stage mode,
the boundary conditions and load conditions included in the activated Boundary
Group and Load Group, respectively, can be modified or deleted.

In the analysis of FCM bridge, the loads that are applied during construction (tendon
prestress, form traveler and self-weight of the segments) are complicated. Hence, the
construction stages are predefined and then the load condition is defined in each
construction stage. The structural systems and boundary conditions are defined in
Base Stage mode.

The modeling procedure is as follows:

Prestressed concrete boxgirder modeling
Pier modeling

Define Time Dependent Material Property
Assign Structure Group

Assign BoundaryGroup and input boundarycondition

o ok w DN PE

Assign Load group




ADVANCED APPLICATIONS

Prestressed Concrete Box Girder Modeling
Model the prestressed concrete box girder bridge. Model one segment as one
beam element and divide the pier table at the intersection of the pier and at the

center location. In the FSM zone, divide at the location of each bottom tendon
anchorage.

85.000
12 @ 4.750 = 57.000

2[.000 4@ 4.250 = 17.000 2,000 4.0003.00d

= jr\( L 0 ML &
FSM “ ‘ Segment 1
130.000
65.000 65.000
.000 4.000 12 @ 4.750 = 57.000 1.000 12 @ 4.750 = 57.000 4.0003.00
Jojo
Fii I
.2 -2 |
Key! Seg 2
Segment 2 ‘ ‘ Segment 2
1 {1
85.000
b.0004.000 120 4.750 = 57.000

2.000 4@4.250 = 17.000 Z.OOb

Key Seg 3

Segment 1

| | M
2100

Fgure 7 Segment Division



Construction Stage Analysis of Prestressed Concrete Box Bridge (FCM) using General Functions

First generate nodes, and then model left side of the prestressed concrete box girder
using the Extrude Elementfunction ( 1™ Extrude Elements).

EFront View, @1 Auto Fitting (on),
View Tab >Snap> %4  Point Grid Snap (off) v Line Grid Snap (off),
Node Snap (on), Element Snap (on)

Node/ElementTab > ﬂ Create Nodes
Coordinate (x, ¥, 2) (0,0,0)

Node/ElementTab > 1 Extrude Elements
@ Select All
Extrude Type>Node -> Line Element
ElementType>Beam ; Material>1: Grade C5000
Section>2: Span ; Generation Type>Translate
Translation>Unequal Distance ; AXis>X
Distances (2@1,4@4.25,2@1,12@4.75,4, 2@0.9,2@1.2,
2@0.9,4,12@4.75,1) J

7 ) » Xodete & [ Automesh 3]
e

v [ '\l Grome (¥ [ Maomes In

o Meoe Inerect j{ 2 Chenge  Blaments

PN e 2 meul g e =y
O 00 AR oy Flscde ¥ - ]
i L

o
P g Mo e | Tl
£ Projxct § Tdie  Eements |
Nodes I

Jansizte Dride

Ekments
o SEESPHIBIDACEE NN RS

Loy e

s in 162 deyls).

\ Command Messaae v WeiEnE |

Figure 8 Generation of left half of bridge using beam elements
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ADVANCED APPLICATIONS

12

Copy the generated elements symmetrically for the right half of the bridge using the
Mirror Element function (/I' Mirror Elements). Select Reverse Element Local so
that local axes of the elements on the left half coincide with the local axes of the
elements on the righthalf.

Model / Elements //|\ Mirror Elements
@ Select all
Mode>Copy ; Reflection>y-z planex: (150)Ja
Reverse Element Local (on) o

Hods{Eement

O oe V¥ XDekte o . . | y L)
oo o' &

@ I “aote ook 4 o Y d

Creste Trarslate Dinde Merge & Projct ra Nod  (Create | Change  Elements.
Nodes. opert ¥ Tae Bements | Parameters  Tatle

=

(oo 55 |

SEES DRI DACEE MBS

e merts v
Bistart humber
Nedehhmber : 12
Sementlmber: | 107

Mode
® Copy Hove

[Coviseer 01 D

O, R

oy pane T
zxphe v
Flane cefined by 3 pts. [}

(150)

Hatzeil Inremet ©

i (1 2 3666 0o

0
Setenincement ;0
Thidness rement: 0
tesect (fiode B .
Copyode Aiztes:
Copy Blement Atrbutes
Waror Beta g
 Fverse Dement Locd
Pergng Toerence

", Model view/

oue asintensuoe period expires in 162 dey(s).

>

el 1

7], Command Message { Tamye eseae
(T N A lal N B S

Fgure 9 Copy the beam elements symmetrically



Construction Stage Analysis of Prestressed Concrete Box Bridge (FCM) using General Functions

Change section properties for the tapered and pier table elements using Select
Identify Element ( w Select Identity-Elements) and Works Tree functions.
Segment 12, which is connected to the key segment, is constructed as a uniform
section to coincide with the formwork of the key segment. Change segments 1 to 11,
and the end portions of the pier table elements, to a tapered section. The segments
on the left half of the bridge are transformed from “Span” to “Span-Support” sections.
The segments on the right half of the bridge are transfomed from “Span” to
“Support-Span” sections. The segments in the pier table are changed to “Support”
sections.

Tree Menu>Works tab

b Select Identity-Elements (22 to 27,63t068) .
Works>Properties>Section>3: Support Drag&Drop

b Select Identity-Elements (10to 21,69t0 80)
Works>Properties>Section>4: Span-Support Drag&Drop

* Select Identity-Elements (28to 39,51t062) .
Works>Properties>Section>5: Support-Span Drag&Drop

e8| | s &
o |

S e e Jowe Y
- - o AR 'Y Rotate D H
Cogte Tendate Dwile Merge S1ooo Do | gee (3 Crange  Elments
Nodes o Taoke  Elwents | Paaeters  Table

C mew | By =vaa necss s on -

Ik g

[=BCRE:

4
00800 €9 R

i B |

Figure 10 Section change
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ADVANCED APPLICATIONS

§¥  Section properties of the
tapered members can be
automatically calculated
from the defined section
properties at each end of
the tapered section by
assigning a Tapered
Section Group.

¢ Select Polynomial and
2.0 because the section
height changes in a

parabolic form.

& In  Tapered Section
Group, the parabola
function is  determined
uniquely by the defined

coordinates of two points on
the parabola and the center
point. Since the j end of
segment 12 is the center
point of the parabola, select
the i end and input a zero
distance.

14

Assign beam elements in tapered members to variable section group bythe Tapered
Section Group function ( Tapered Section Group). “

Properties Tab/ Tapered Section Group

EERITE6E <
MNodef

o User Define Change Property @

[£8 Creep/Shrinkage Material Link

Structure Elernent Properties

&

Material Plastic Section Section \ Tapered JThickness
Properties Comp. Strength Material | Properties  Manager ™ \Groupg,
Material | Time Dependent Material | Plastic | Section |

@ Iso View, Hidden (on)
Group Name (1stspan) ; ElementList(10to 21)
Section Shape Variation>z-Axis>Polynomial (2.0) @
Symmetric Plane>From>i ; Distance(O)9
Group Name (2ndspanl) ; ElementList(28to 39)
Section Shape Variation>z-Axis>Polynomial (2.0)
Symmetric Plane>From>j ; Distance (0)
Group Name (2ndspan2) ; ElementList(69 to 80)
Section Shape Variation>z-Axis>Polynomial (2.0)
Symmetric Plane>From>i ; Distance (0) ﬂl
Group Name (3rdspan) ; ElementList(51to62)
Section Shape Variation>z-Axis>Polynomial (2.0)
Symmetric Plane>From>j ; Distance(0) ﬁl

Select all the 4 Group Names
Click Conwverk ko Tapered Section. ..

Add

Add |

New Start Section Number>1
Use New Section Name Suffix>(on)
Start Suffix Number>1  J

Click—2e%_|

o AR *pntate =5k |5 - I = Grotte |%  HEMpmeh —H o
Cedtn Trandate Owide Mempe ge Modes Cmate (i Tramdate Extuce Divde Merge Intersect . 2 Crarge  Blements.
ioces £ Prosect Tabk  gemarts | [l wrer < Earametars

Modss Elments. 1

X polete %

Baamcneh g 8

1o

@ Mo Yg¥ Xoata dlimwe % @B |y @2 —
1% | L

« "V s1tme2

EEEENEETELLIEEER

TEE T EEG EHIS S

jp Ry

% Use How Sackion Name Suffi
Start Suff Muber

BUl>@0068 00 %8 F

o

Fgure 11 Assign tapered section group



Construction Stage Analysis of Prestressed Concrete Box Bridge (FCM) using General Functions

€@ Since the  upper
center point of the box
section is used as the
base of the box girder
model, copy the nodes to
a distance of -7 m (total

height of support
section) in the Z-
direction.

Pier Modeling

After copying the nodes of the prestessed concrete box girder, model the pier using
the Extrude Element function (E Extrude Elements). To model the 40 m high pier,
divide the pierlengthinto sixequal length elements.

i Hidden (off), @ Front View
Node/ElementTab/ Translate Nodes
‘% Select Identity-Nodes ( 23,27,65,69)
Mode>Copy ; Translation>Equal Distance
dx, dy, dz (0,0,-7) ¥ : NumberofTimes (1)
Model*/ Elements/ T_:.:_ Extrude Elements
# Select Recent Entities
Extrude Type>Node — Line Element
ElementType>Beam ; Material>2: Grade C4000
Section>1: Pier ; Generation Type>Translate
Translation>Equal Distance

dx, dy, dz (0, 0,-40/6) ; NumberofTimes(6)

Eatutomesh g Ly
Euomen EH ¢
Change  Blemerts
Pararoters  Tale
Elements |

7N FIEESDHIA AR EE N

O e V¥ Xosum % e@| | »

- ® 0% AR "oty Mede ¥ LA
Create  Trarate Dwide Merge - g-  Modes | Creats
relal S ¥ Tabe | Homents

Podes
Nodes I

7wl

iR

Generat

| )

Warber of Tmes s 6 5

Figure 12 Generate piers
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ADVANCED APPLICATIONS

Assign Structure Group

Figure 13 shows the construction sequence and expected duration for each
construction stage. As shown in the figure, there is a 60-day difference in
construction schedule between Piers 1 and 2. Hence, there will also be a 60-day
difference between both elements when the key segments are being constructed.

@ Increase the age o |t will be assumed that both piers are constructed at the same time and both
some elements by Time i d th h th bef h K
Load using the Construction cantilevers are constructed through the same stages before the key segment
Stage function. A detailed  construction. And just before the key segment construction, the age of one cantilever
i i . . @ ) .
explanation can be found i iyl he increased. " Define the elements constructed at the same time as each group

“Time Dependent Analysis - . : i i
Define and Compostion of DY defining Structure Group because the generation and deletion of elements will be

Construction Stages in the  defined using the activation and deactivation command in Construction Stage
“Analy sis of Civil

Structures” manual. function.

[
i KEV-SEGWENT

! L KEY-SEGMENT

KEY-SEGVENT FSM PAR

SEG (120AY/SEG] SEG (12DAV/SEG)

FSM PART

" SEG T2DAV/SEG] SEG T2DAV/SEG]
FIT SETTING

PIER TABLE

FIER

T [ FooTING

T T Foome

Figure 13 Construction sequence
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Construction Stage Analysis of Prestressed Concrete Box Bridge (FCM) using General Functions

By appending suffix
numbers to Name, multiple
Structure Groups can be
generated simultaneously.

§® Generated Structure
Group can be confirmed
using the Group Tab and
Tree Menu.

Generate Structure Group

Tree Menu > Group Tab

Structure Group / Define Structure Group ( Right Click > New... )

Name (Pier) ; Suffix ( 1to2) @ ﬂl
Name (PierTable) ; Suffix (1to2) ﬂl
Name (P1Seg) ; Suffix (1tol2) il
Name (P2Seg) ; Suffix ( 1tol2) Add
Name (KeySeg ) ; Suffix (1to3) ﬂl

Name(FSM) ; Suffix (1to2) L 2&dd |

@ @2 | @ s

Secton  Section  Tapered Tricress | Moment . Property
Wateral | Properties Marger * G Cunature [ iebste Mt~ “rn
Section Inelastc Fropertes s |

e oz
[

e add

PerTatiel Dekete
Delete [

{Modesd). Eleneri=0] e
F15eg? | Noded), Eleneri=0 |
P15ai [ Node-t) Elemeri=0 | Piseg?
P1Seg8 [ Nodes . Elemeri=0 | PiSegs
P15eg10{ Node=0 e Fisegs
#150qT1 [ Node=D. Elmeri=0 Pisegi0
P15ag12 [ Nods=D). Elemeri=0) plzeal

=1
&
=
B
<
$
B
5
=1
B
B
(5]
&
[
r]

PZSegd [ Node=) . Elemer=0 ]

PiSugé [Nodo-d Ekmerr=0 ] jen
205 [ Node-0 Elemert=0] =
PaSegh [Nodo-d) Elmare=0 ] P2sogs
P25eg7 [ Node-0 Elemert=0 ] F2seq?
P25egd [Nodo-d) Elemare=0 ] F2seg

i oo 0] [
P25eq10 [ Nodesd): Elemerta0 | r%g\/ jemn

e Node0 B0} e, i)

P2Seg|2[ Node<D : Elenerss0] ] revseat

oot et tren0] W] ree

ST v o .

KaySegd | Hode=l &1 > s

FSM1 [ HodesD ; Elements0)|
FSM2 Node=D ; Elemert=0 |

Il | =

W mdm el b frondel B IR 2

FHgure 14 Element Group Generation
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ADVANCED APPLICATIONS

18

Assign beam elements to Structure Groups using Select Identity-Element (g
Select Identity-Elements) and the Works Tree functions.

Tree Menu>Group tab

Select Identity-Elements (83to103by4 84t0104by4) A
Group>Structure Group>Pierl Drag&Drop

Select Identity-Elements ( 85t0105by4 86t0106by4 )
Group>Structure Group>Pier2 Drag&Drop

Select Identity-Elements (21to28) d
Group>Structure Group>PierTablel Drag&Drop

Select Identity-Elements (62to69) d
Group>Structure Group>PierTable2 Drag&Drop

+

B

Froperties

ueveie  Towsmosy| [ (1] _g @) P

[l cresoyshnkage T Material Link

wateral | iy Platc | Sacten  Secton  Tapered Thilness Moment . Progery
Frocertes | Bl Como. Stremath Materid | Properties  Mansger ~ Group Grupe [ ookt Materal = "r

\
%Y R OB 15 5 B Come ady=vuacecen = sb: G

=
fclie]

DepE

Drag & Drop

AP >E008 08 €348

[
K

Keyegl [ Hode=D : Elemert=0]

=
=

=

= T
E Koo ot Elrerit] [
=

=

KasSe03 | Node=d - Elemert=0]

Hgure 15 Structure Group arrangement
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Assign corresponding beam elements to the other remaining Structure Groups. by
referring to Table 1.

Table 1 Elementgroup arrangement

Element Group Element Number Element Group Element Number
P1Segl 20, 29 P2Seg4 58, 73
P1Seg2 19, 30 P2Seg5 57,74
P1Seg3 18, 31 P2Seg6 56, 75
P1Seg4 17,32 P2Seg7 55, 76
P1Seg5 16, 33 P2Seg8 54, 77
P1Seg6 15, 34 P2Seg9 53, 78
P1Seg7 14, 35 P2Seg10 52,79
P1Seg8 13, 36 P2Segl1 51, 80
P1Seg9 12, 37 P2Segl2 50, 81
P1Seg10 11, 38 KeySegl 7,8
P1Segill 10, 39 KeySeg2 41,82
P1Seg12 9, 40 KeySeg3 48, 49
P2Segl 61, 70 FSM1 1-6
P2Seg2 60, 71 FSM2 42~47
P2Seg3 59, 72
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§¢ Corresponding groups
can be selected by double-
clicking a particular group in
the Group Tree.

20

Define Boundary Groups and Input Boundary Conditions
After completion of modeling, confirm the Structure Groups for each segment. @

Input the boundary conditions for the generated model. In construction stage
analysis, all information required in the structural analysis, such as elements, loads
and boundary conditions, are activated/deactivated using the Group concept. To
inputboundary conditions, define a Boundary Group.

Group tab

Group>Boundary Group>New ( BC_Pier )
Group>BoundaryGroup>New ( BC_FsmLeft )
Group>BoundaryGroup>New ( BC_FsmRight )

. ; Losd s Reats  PSC over  Des Quiry  To
o = = - 5
) Uset Define i Change Prozerty | | 1) 1 i FH Inslistic Hinge T
Sz i D @8 Ban §
2ot ness cpe
Propertes | Bl Come. Stenath Vistetal Froperties  Mansgst © G Curvaupe [ Irsbste Matenal - “rgi [
Materd Tie Dependant Mtend Pt | secton | et renes | Tabes |
i base Ih =
Q
= a
%Ps.gwhmﬂ E
PiSeg2 [ Node=D - a
i _Am-y"'_-’ c:
S i %
% 15 g . ;—v__-_."‘(
Seal[ 1 T =
i e o
Tt i e S
e [ Mokl e (1=}
21k b
o3 [Node-0 @
25N 3
7 [
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= P5e
KeySeg! | Noded
KeySeg2 | Mo
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-Es
-2l 3 Mol View/
& scr

TSI Cormmare owaspe { i isssss T

FHgure 16 Define Boundary Group
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Define boundary conditions. Define fixity condition at the bottom of the pier and
longitudinal roller condition atboth ends ofbox girder.

Boundary Tab/ Define Supports

Select Single (Nodes:1)

Boundary Group Name>BC_FsmLeft
SupportType>Dy (on), Dz (on), Rx (on)and Rz (on)

Select Single (Nodes :43)

Boundary Group Name> BC_FsmRight
Support Type>Dy (on), Dz (on), Rx (on)and Rz (on)

Select Window (Nodes:108 ~111)

Boundary Group Name> BC_Pier
SupportType>D-All (on)and R-All (on) A

per Eoundary [

[

° 7% | ELnes Comstrants 0 Effectve width |
T I o, B, B b
o i e | Tnnce "ot eams | B vodsvoca ass sy
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TSI Comraes massson (i ]

Figure 17 Define Boundary Conditions
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Connect the pier and box girder by Elastic Link - Rigid Link Type to ensure the

monolithic behavior atthe intersection point.

Boundary Tab/ Elastic Link
Boundary Group Name>BC_Pier
Link Type>Rigid Link
Copy Elastic Link (on)
Axs>x ; Distance(4.2,1258,4.2)"

€ Assign multiple Vs
2 Nodes (84, 23)

rigid link conditions
simultaneously by
selecting Copy Rigid
Link and inputting the

= Zoom Fit
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W :;’-m -l h- L‘;'] [ Panel Zone Effects 5 Defing Label D g
Defre | Pont Suface Gd Gererd | BeamEnd BesmEnd PlateEnd o Boundary
Supntts | Sping Sping bk Urk | Reese  Offsets  Reless o ModeLocd A )
Supports Sprng Supports Lk | ReleasefCffsat Etc. | Tabes |
3 x m
ke < 1B CD ol
=
a
a8
d
. . ®
e o B
] o)
] a
+ O
+ B
| 5
A
=
@
U Node 23
oo o ce period expires in 161 dey(s).
2 >
[AFT\ comanna Mescags { b |
e 1 vooo Node 84

FHgure 18 Elastic Connection between the pier and girder
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Construction Stage Analysis of Prestressed Concrete Box Bridge (FCM) using General Functions

@ “Time Loads for
Construction Stage”
function has the
capability to advance the
time for a specific
element. Hence, using
this function, the effect of
creep and shrinkage can
be calculated. The
technigue on how to
consider time difference
between pier tables by
“Time Loads for
Construction Stage” is
described in  “Define
Construction Stage”.

Assign Load Groups

There are four types of loads in the construction stage analysis. They are the self-
weight of structure, tendon prestress, form traveler load and the self-weight of wet
concrete. After the structure self-weight is activated, the self-weights of the activated
Structure Group are automatically considered during analysis. Therefore, only the
balance three types of loads need to be inputted at each construction stage. Static
loads in each construction stage are as follows:

Self-weightof the activated elements atinitial age

Prestress for the activated elements atinitial age (PS)

Form traveler load acting on the cantilever ends of activated elements (FT)
Self-weightof wet concrete on the formwork (WC)

Time Load for Construction Stage to accountfor aging effectg

YV V. V VYV V V

Superimposed dead loads (wearing coat, parapet, railings, etc.)

Define load conditions for each load.

Load Tab >Static Loads Option > Static Load Cases

Name (Self) ; Type > Construction Stage Load ﬁl
Name (PS) ; Type > Construction Stage Load ﬂl
Name (FT) ; Type > Construction Stage Load ﬂl
Name (WC) ; Type > Construction Stage Load ﬁl
Name (Time); Type > Construction Stage Load ﬂl
Name (2nd) ; Type > Construction Stage Load ﬁl

M

Name 8 Time: Add
Case i |AllLoad Case [+ Modfy
Type 8 [Construction Stage Load (C5) [ Delete
Description @
No Name Type Description
» 1 Construction Stage Load (C
2|PS Construction Stage Load (C
J|FT Construction Stage Load (C
4 W Construction Stage Load (C
4| Time Construction Stage Load (C
6 |2nd Construction Stage Load (C
*
< ¥
Close:

Fgure 19 Define static load cases
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ADVANCED APPLICATIONS

Define load group for each load condition.

Group

Group Tab / Right Click on Load Group ( New...)
Name ( Self) ﬁl
Name ( PS-PierTable) ; Suffix (1to2) ﬂl
Name (PS-P1Seg) ; Suffix (1to12) 299 |
Name (PS-P2Seg) ; Suffix (1tol2) _ 299 |
Name (PS-KeySeg) ; Suffix (1to3) _24 |
Name ( FT-PierTable ) ; Suffix (1to2) _ add |
Name (FT-P1Seg ) ; Suffix ( 1toll) ﬂl
Name ( FT-P2Seg ) ; Suffix ( 1toll) _add |
Name (FT-KeySeg ) ; Suffix (1to3) ﬂl
Name (WC-P1Seg) ; Suffix ( 1to12) 294
Name (WC-P2Seg) ; Suffix (1to12) 298
Name (WC-KeySeg ) ; Suffix (1to3) ﬂl
Name ( TimeLoad ) ﬂl
Name (2nd) ﬂl

@z

Ol i ) settiementEtc. % @ seif weicht Nodsl Body Force | 1 Blment 5 Pressure Loads = Initial Forces ~
Q Generated Load AT Corstuctnstage (DlomTaes | (o Moddloads  (MNoddMases | ire [ Hycrostatc Presse | [S] Asign Fioor Loeds ©
Dmorgload () Hestof Hykaton S o el soeciied Dbl b Loats o Mases | BB Typkd | & Assign e Loacs ©
Group can be Load Type Creste Load Cases Structurs Loads | Phsses Beamioad | Presweload | ItdFowssiie |
. . - 5| % [l X 8 | 7 ¥ B B w B Mt K - iBESD T3 A (] IR & e
confirmed by using EAETRHFINEIE N 2027 oo o5 oo BN EEEEEEGLUE |

e BB [

Group Tab, Tree
Menu.

s

e a——l

FoP15e011
P5PISegtz
Po-P2seal

B >EE08 D0 22 008 80

4 Model view

Fgure 20 Defined Load Group
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Construction Stage Analysis of Prestressed Concrete Box Bridge (FCM) using General Functions

Define and Arrange Construction Stages

@ In addition to the
frame type FCM Bridge,
there are FCM bridges
with internal hinges and
a continuous girder ty pe
FCM Bridge.

Define Construction Stages

Define the construction stage arrangement and pier table, construction of segments 1
to 12 and construction of key segments 1 to 3 (See Fig. 21). The construction of FCM
Bridge is completed by constructing each segment, side span key segments and
finally the center span key segment. There are no changes in boundary conditions
during construction in this example, since the bridge is a frame-type FCM bridge.9

FORM TRAVELLER —~ i P Stage 1 Constructon of pier tabe and form traveler = |

Stage 14 construction of key segment one

LD

T I

e

N

i s

Fgure 21 Construction Sequence

Activation/deactivation of Structure Group and Boundary Group in the construction
stage analysis of the FCM Bridge is rather simple. However, in the case of a Load
Group, prestress and form traveler loads are applied with the activation of the
Structure Group of a particular segment, whereas the wet concrete load is applied
whenthe concrete is poured for the next segment(see Fig. 22).

25
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First day of construction stage N

e Form traveler load

Additional step of construction stage N (7th day)

e Self-weight of wet concretg

Fgure 22 Loads at Construction Stage N

When loads are applied to the same structure with different time stages, as shown in
Fig. 22, activate loads by using the Additional Step function. Define unique Additional
Steps for each construction stage. Assume the required time step for the form
traveler movement, formwork/rebar installation and duct placement as 7 days, and
for concrete curing 5 days. Each segment activated at the beginning point of each
construction stage is loaded with prestress and form traveler at the age of 5 days.

KEV-SEGMENT.

KEY-SEGVENT

KEY-SEGMENT

FSM PART

FSM PART

SEG (12DAY/SEG) SEG (12DAY/SEG)

PIER

PIER

[ [ FooTnG

| [ FOOTING

Figure 23 Construction Schedule

According to the construction schedule, shown in Fig. 21, segments in Pier 1 and
Pier 2 are constructed simultaneously. Fig. 23 illustrates the assumed construction
schedule in which each horizontal line represents a 15-day duration. Therefore, it can
be seen that segments in Pier 2 are constructed 60 days after segments in Pier 1.
Due to the age differences between both cantilever segments, the effects due to
creep, shrinkage and prestress losses will be different. Hence, the deflections at the
tip of both the cantilevers will be different due to the 60-day age difference. To
minimize the residual stresses during key segment construction, the deflections at
both cantilever tips should be predicted precisely. Hence, in the construction stage
analysis, the age difference between the cantilevers should be taken into account.

The effects due to age difference are considered by using Time Loads for
Construction Stage function. Using this function, the time duration for age difference
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can be applied to specified elements only. The analysis steps, using the Time Loads
for Construction Stage function, are as follows:

1. Arrange construction stages assuming the pier table and segments 1 to 12
are constructed simultaneouslyfrom both the piers.

2. Load self-weight of wet concrete of key segments (load WC-KeySeg1 at the
end of left cantilever at pier 1 and load WC-KeySeg3 at the end of right
cantilever at pier 2)

3. Define a stage that has 0 time duration, activate KeySegl and FSM1. Then
activate the Time Load (60 days) for pier 1 and FSM1 on the “Last Day’ in
the construction stage.

4. Activate KeySeg3 and FSM3, and load self-weight of wet concrete of
KeySeg2.

5. Define next stage and activate KeySeg?2.

rL‘oad self-weight of wet concrete of KeySeg 1 & Remove form traveler at Pier 1, load “Time Load”

>

Timel/andays

Remove form traveler at Pier 2 <=3 Load self-weight of wet concrete of KeySeg 2
h !

Figure 24 Consideration of age difference using Time Load for Construction Stage Analysis
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The summary for the construction stages in terms of activation/deactivation of the
Structure, Load and Boundary Group at each construction stage is as follows.

1.

Construction stage 1

— Activate Structure Group for the pier and piertable

— Activate Boundary Group (BC_Pier) for the pierand piertable
1% day: Activate prestress, form traveler load and self-weight
7" day: Activate self-weightofwet concrete (segment1)

Construction stage 2

— Activate segmentl

— 1% day: Deactivate form traveler load and self-weight of wet concrete;
activate form traveler load and prestress

- 7" day: Activate self-weightofthe wet concrete (segment2)

Construction stage 3-12:same as step (2)

Construction stage 13

— Activate segment12

— 1% day: Deactivate form traveler load and self-weight of wet concrete;
activate form traveler load and prestress

- 20" day: Activate self-weightofthe wet concrete (key segments 1 and 3)

Construction stage 14

— Activate KeySeg 1 and FSM1

— 1% day: Deactivate form traveler load at pier 1 and self-weight of wet
concrete at KeySeg 1; activate prestress

— Lastday: activate time load for FSM1

Construction stage 15

— Activate KeySeg 3, FSM3
1% day: Deactivate self-weight of the wet concrete of KeySeg 3; activate
prestress and self-weightof wet concrete of KeySeg 2

. Construction stage 16

— Activate KeySeg 2
— 1st day: deactivate form traveler load and self-weight of wet concrete;

activate prestress

Construction stage 17
1% day: activate superimposed dead load
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Define construction stages first. Assign duration for CS1 to CS12 as 12 days. Assign
duration for CS13 and CS15 as 30 days because the construction duration of the key
segmentis 30 days according to the construction schedule. Define additional step as
30-10 = 20 days, assuming the initial age of the key segment is 10 days. Assign
CS16 with 0 time duration. Apply superimposed dead load at CS17. Assign 10000
days as duration for CS17 to consider the effects of long term loads, creep and
shrinkage.

-,
Load Tab / Construction Stage option / Define C.S.

Generate
Name(CS) ; Suffix(1tol1l2) ; Duration(12)

Additional Steps>Day(7) 288 ]
Save Result>Stage (on) ; Additional Steps (on) o

Name (CS13) ; Suffix() ; Duration(30)
Additional Steps>_=€8 | - pay(20) _&d |

Name (CS14) ; Suffix() ; Duration(0)
Additional Steps> _Clear |

Name (CS15) ; Suffix() ; Duration(30)
Additional Steps>Day( 20) ﬁl |

Name (CS16) ; Suffix() ; Duration(0)
Additional Steps> _Clear |

Name (CS17) ; Suffix() ; Duration(10000)
Additional Steps> [Cear |

"i Define Construction Stage i

Stage
Mame
*i Construction Staﬁe ‘ Gl
; 0 =/ day(s)
Mame Duration  Date Step Result | Add iy =
51 12 12 1 Stage,. Additional Steps
cs2 12 24 1 Stage,. IEEE{EY =
33 12 % 1 Stage, . F— . Add || Delete
== 12 48 1 Stage, . - Modfy || Clear
css 1z 60 1 Stage, . o ) ample: 1,3, 7,14 ) = =
56 1z Tz 1 Stage, . = Step Day
57 12 a4 1 Stage, . ModifyfShaw Auto Generation
o= 12 9% 1 Stage,. =
] 1z 108 1 Stage, . Delete StepNumber ¢ |0 2
510 12 120 1 Stage,. SIS € =
2511 12 132 1 Stage, .
re12 172 144 1 Stane |V Generate Steps
< > Close
Save Result
Stage
QK Cancel Apply

Fgure 25 Defining Construction Stage
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Construction Stage Arrangement

@ Define the construcion ~ Define the construction stage CS1 with reference to the construction stages

stage assuming 100 days g\, marized earlier. @
for the initial age of the pier

and 15 days for the pier
table.

Load/ Construction Stage Option/ Define Construction Stage
Name>CS1 w
Name (CS1) ; Duration(12)
Element tab
Group List>Pier1,Pier2 ; Activation>Age (100) _ Add |
Group List>PierTablel, PierTable2
Activation>Age (15) ﬂl
Boundary tab
Group List>BC_Pier
Activation>Spring/Support Position>Original (on) ﬂl
Load tab
Group List>Self, PS-PierTablel, PS-PierTable2
FT-PierTablel, FT-PierTable2
Activation>Active Day>First [ Add |
Group List>WC-P1Seg1, WC-P2Seg1l
Activation> Active Day>7 _Add | |

Figure 26 Define Construction Stage 1
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Define other construction stages using the same procedure outlined in stage CS1.
Repeated input to define other construction stages can be easily performed by using
the MCT Command Shell function. The procedure to define construction stages
using the MCT Command Shell function is as follows:

Tools>MCT Command Shell
Command or Data (*STAGE) _ Insert Data_|

LﬁlEEiHHﬂHﬂﬁﬂHiﬂEﬂllllllllllllllllllllllllllllllllllllllllllllllliiliiJ
= E Command or Data ¥ | Insert Command Insert Data Delete Data
E

; Define Construction Stage A
o/ MAMENNAME, DURATICN, LZAVESTAGE, bSAVESTEP : line
AY1, DAYZ, ... : line
: AELEM3GROUP1, AGE1, GROUPZ, AGEZ, ... ; line
: DELEM{GROUP1, REDIST1, GROUFPZ, REDISTZ, ... : linb
: ABNLDRFEGROUPL, POS1, BGROUFZ, POSZ, ... ; line
DENDP=EGROUP1, BGROUPZ, ... : line

m =1 o N b L)

=LGROUPL, DAY1, LGROUFZ, DLYZ, ... ; line
: DLOAD=LGROUPL1, DAY1, LGROUPZ, DALYZ, ... : line
MAME=C31, 12, YES, YE3
R v
£ >

Clear Goko Ling : Close

Fgure 27 MCT Command Shell

As shown in Fig. 27, the construction stage information is divided into eight
commands, and each command is as follows:

NAME : construction stage name,flag for saving output

STEP :time step

AELEM : activate structure group and its initial age

DELEM : deactivated structure group and redistribution factor for section forces
ABNDR : activated boundary group and location

DBNDR : deactivated boundary group

ALOAD : activated load group and time step

DLOAD : deactivated load group and time step

31
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According to the above procedure, the information for construction stage 2 can be
inputas follows:

*STAGE

NAME=CS2, 12, YES, NO

STEP=7

AELEM=P1Segl, 5, P2Seg1,5

ALOAD=FT-P1Segl, FIRST, FT-P2Segl, FIRST, PS-P1Segl, FIRST
PS-P2Segl, FIRST, WC-P1Seg2, 7, WC-P2Seg2, 7

DLOAD=WC-P1Segl, FIRST, WC-P2Seg1, FIRST
FT-PierTablel, FIRST, FT-PierTable2, FIRST

Click Run (&I ) after input.

The construction stages can thus be easilydefined using the above procedure.
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Load Input

Input loads for each construction stage. Construction stage loads consist of form
traveler, wet concrete, self-weight of segments, prestress, time load and
superimposed load. Inputconstruction stage load as following sequences.

Self-weightof structure
Form traveler

Wet concrete
Prestress

Time load

o o~ 0w N PR

Superimposed load

Input the self-weight first. To automatically load the self-weight of the generated
structure, define self-weightofthe structure and load at CS1.

Load/ Self Weight
Load Case Name>Self
Load Group Name>Self
Self Weight Factor>Z (-1) 24|
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Input the form traveler load. The form traveler load is assumed to be a 800 kN
vertical load with a 2000 kN-m bending moment about the y-axis, applied at the tip of
the cantilever.

Once the stage mode is selected, the Structure Groups, Load Groups and Boundary
Groups assigned to the current stage are automatically activated, and the loads can
be easily entered. The loads are inputted at each construction stage using the Stage
Toolbar.

Stage>CS1

@ Iso View

Load Tab / Static Loads Option/ Nodal Loads

T Select Single (Node: 21)
Load Case Name>FT ; Load Group Name>FT-PierTablel
Options>Add ; FZ (-800), MY (-2000)

T Select Single (Node: 29)
Load Case Name>FT ; Load Group Name>FT-PierTablel
Options>Add ; FZ (-800), MY (2000)

T Select Single (Node: 71)
Load Case Name>FT ; Load Group Name>FT-PierTable2
Options>Add ; FZ (-800), MY (-2000)

T Select Single (Node: 63)
Load Case Name>FT ; Load Group Name>FT-PierTable2
Options>Add ; FZ (-800), MY (2000)
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The form traveler load is defined according to the construction stages using the same

€ The loads could
be more easily input
using the MCT

command Shell. The
MCT command for

Nodal Loads is
“CONLOAD". A
more detailed
explanation can be
found in the “MCT
Command Quick
Reference” in the on-
line manual
appendix.

procedure givenin stage CS1. @

() SattlementjEte, T Initial Fovces

[Fstcios]| @ sennc 1 permerst | 3 Pressure Loacs
=) Temp, fPrestess (=) Construction Stage (7) Load Tables W e [ Hycrostatic Presawe (] Asson Floor Loads ~
() Moving Load *) Heat of Hydration B Typcal & assign Plare Loads *

Losd Type | Besmioad | Pesseload | Wb ForcsEi |
—-— - EEIVRERE®IEHG G 2 v BESPNIBIHCEE »x i BA

2000

i _ a

T - g o

N . L g

" CR I Node 63 :

Cptuns oy,

oo (E . | 11 =

e ‘O Node 71 || g
7 7 i, ‘E)

ol Node 29 | =

Node 21 if

=

e

oo

4 Mol View,

5
[ [ I3\ Comamna wesssos (A meEoE

Fgure 28 Form Traveler Load Input
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§ By using the Bill of
Material function, the
length, surface area
and weight of each
member can  be
easily calculated. A
detailed explanation
can be found in Tools
> Bill of Material in
the on-line manual.

€@ The sections in

Tapered Section
Group  should be
transformed to

Tapered Ty pe section
because the weight
of each Tapered
Section  Group is
calculated instead of
each element.

€ The mode should
be changed to Base
Mode because
section  information
can be modified only
when in Base Stage.

§© Input the new

starting number for
generated sections.

36

Input the self-weight of wet concrete after the form traveler load. The self-weight of
wet concrete is calculated from the Bill of Material function. Before calculating the
weights of each element using the Bill of Material function, transform each section
composed of Tapered Section Group to Tapered Type section. By transforming the
section, sections 101-112 are generated as shown in Fig. 29.

Stage>Base @

Properties Tab/ Tapered Group

Name>1stspan Convert to Tapered Sectlon...|

New Start Section Number (101) ¢

Properties Tab/ Section Properties

[@] Sumoeme Towsmpoet ] B @ o i e |

k 1”4
Creep/steinkage &) Matsed Lnk e i 1] Group Darrpng *
s B £ P | siccn  secion Tapsd o | ponart eoatoa | oty
propertes | B Como. Senat Vistenal Fropertiss  Manager * Gowp Curvaturs [ Inelastc Materal * "y
Matnsl Time Dependsnt Matenal Flastic | ‘sacton Inelsstic Propartes Taks |
o =1
@
[E.prpeies &
=
st Section Trciress
Ty Shepe |~ dd e o+
eer a
Secton shape varst - oy, %
P m
 Lnear * Pobymome 3 et [ =
e Tasrod  3CEL = e
“Symmtr: P e Tiasd  ICHL == (s
from: P Toersd  iCEL Inpor: =
i L Toew i [
Distares n . [ Taersd  1CHL asrunbes
e Tapered  1CEL Q
Topered  3CEL B
Topered  1cHL =
Pobymnisl Tapered  1cEL =]
e Flre: Togered  1cEL 1
Tiersd icE &
Taered  3CHL
B [l T i =
5 @
fuame Eenent izt o
< >
4, Madel View v

Cperations

P Commizmmen D :
ol
Tree pery <[5 5]\ comman message § Ay uisnst | (B 0
w el Tl eode] IO T2

Figure 29 Transform to Tapered Type Section
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Calculate the self-weight of each segment using the Bill of Material function. In Fig.
30, sections 101 to 111 represent segments 1 to 11, respectively, and section 112
represents the variable section of the pier table. The length, surface area and weight
can be confirmed for each section.

Tools / Bill of Material
Select BOM outputs>Beam-Truss Element BOM typel (on)

Select BOM outputs
Tuss Element BOM bypeld

Va2
[CBeam-Truss Element BOM byped
[CIBOM by Material

@ MIDAS/ Text Editor - [5 FCM Genel
(5 File Edit View Window

LedaeskE

Output Options

@ +*| Insert form feed symbol at each oukput end

TP
0030 File Mame : CihUsersividishiDeskbopl5. FCM Generahs FC browse
0031 SECT MATERTAL DENSITY

0022 ™ HAIE

575 P 0K Cancel
0024 2 Span 1 Grade C5000 2.356e+00)

0035 3 upporc 1 Grade C5000 2, 3SGe+00l

e & Support-Spen 1 Grade C5000 2.356e+00L 4.750e+000 7.489e+00L .434e+002 9. 528e+002

007 7 support-span 1 Grade C5000 2.3S6e+D0L 4.7S0e+000 7.539e+00L 1, 4404002 9.648e+002

0038 8 Support-Span 1 Grade C5000 2.356e+001 4.750e+000 7.640e400L . 452e4002 9.658e+002

040 10 Support-Span 1 Grade C5000 2.356e+001 4.750e+000 7.931e400L 1.493e4002 1.073e+003

e 11 support-span 1 Grade C5000 2.3S6e+D0L 4.7S0e+000 5.243e+00L 1, 52224002 1.133e+003

042 12 Support-Span 1 Grade C5000 2,356=+001 4.750=+000 8. 54de+001 1, 5574002 1.205e+003

04 13 Support-span 1 Grade C5000 2.356e+D0L 4.750e+000 8.896e+00L 1, 598e+002 1.269e+003

044 14 Support-Span 1 Grade C5000 2,356=+001 4.750=+000 9,298e+001 1, 6444002 1.385e+003

048 15 Support-span 1 Grade C5000 2.356e+D0L 4.750e+000 9.751e+00L 1,697e+002 1.494e+003 1
045 16 Support-Span 1 Grade C5000 2,356=+001 4.750=+000 1.025e+002 1, 7554002 1.614e+003

047 17 Support-span 1 Grade C5000 2.356e+D0L 4.000e+000 9.060&+00L 1, 527e+002 1.46le+003

048 18 Span-Support 1 Grade C5000 2,356=+001 4.000=+000 9,060e+001 1, 5274002 1.451e+003

043 19 Span-Support 1 Grade C5000 2.356e+D0L 4.750e+000 1.025e+002 1.755e+002 1.614e+003

050 20 Span-Jupport 1 Grade C5000 2,356e+001 4.750=+000 3, 7Sle+00l 1, 697e+002 1.454e+003

a1 21 Span-Support 1 Grade C5000 2.356e+D0L 4.750e+000 9.298e+00L 1.644+002 1.385e+003

052 2z Span-3upport 1 Grade C5000 2,356e+001 4.750=+000 5. 936e+001 1, 595e+002 1.263e+003

063 23 Span-Support 1 Grade C5000 2.356e+D0L 4.750e+000 8.544e+00L L. 55764002 1.205e+003

054 24 Span-Jupport 1 Grade C5000 2,356e+001 4.750=+000 5. 243e+001 1, 5224002 1.133e+003

055 25 Span-Support 1 Grade C5000 2.356e+D0L 4.750e+000 7.991e+00L 1.493e+002 1.073e+003

|

eady Lné, 89, Col 44 UM

Fgure 30 Bill of Material
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ADVANCED APPLICATIONS

the self-
weight of the wet
concrete using the
MCT Command
Shell. The MCT
command for nodal
load is “*CONLOAD”.

Input

38

Input the self-weight of the wet concrete. The self-weight of the wet concrete is
represented by a vertical load and a y-axis bending moment. The vertical loads are
the self-weight of each segment constructed at the cantilever tip in each construction
stage. The bending moment is calculated by assuming the eccentricity for the wet
concrete as 2.5m. ¥

Stage>CS1
Load Tab/ Static Loads Option /Nodal Loads
Select Single (Node: 21)
Load Case Name>WC ; Load Group Name>WC-P1Segl
Options>Add ; FZ (-173.0), MY (-173.0*2.5)
Select Single (Node: 29)
Load Case Name>WC ; Load Group Name>WC-P1Segl
Options>Add ; FZ (-173.0), MY (173.02.5)
Select Single (Node: 71)
Load Case Name>WC ; Load Group Name>WC-P2Segl
Options>Add ; FZ (-173.0), MY (-173.0¥2.5)
Select Single (Node: 63)
Load Case Name>WC ; Load Group Name>WC-P2Segl
Options>Add ; FZ (-173.0), MY (173.0*2.5)

% Remits PSz  Phowr  De
&) Statc Losck j_ = Settlement/Etc EJ [ &- Nodal Body Forca | [T] Blement | 3 Presaure Loads = Tnitial Forces =
) Temp Prestress (%) Corstructon Stage (2 Load Tables | ) octl Masse: Mk | [ Hyrostatc Pressue | (] Astion Floor Loads =
Dmownglost (O Hest of Hydanon o | STERSTENTEN ¥ Loads toMasses | & Tyncal | & Assgn Plans Loads
Lo Type Create Load Casse | Structire Loads | Masses | Besn Load | Priessire Loxd | it FocesEte. |
: > -h =
i 2 @
Load Cacn ame a
we g,
- N ] Node 63
g i Q. o
E i, %
e, s
: e Node 71 o
e a
Y, o
Node 29 @
@
Node 21 &
0 2
- [

Figure 31 Input self-weight of wet concrete



Construction Stage Analysis of Prestressed Concrete Box Bridge (FCM) using General Functions

@ The relaxation
Coefficient is a constant
used in Magura’s

formula. It is generally
used to calculate
relaxation effects of the
tendon material over
time. It can be assumed
to be 10 for normal
relaxation strand and 45
for low relaxation
strand. A detailed
explanation  of the
Relaxation  Coefficient
can be found under
“Prestress Loss” in the
Analy sis of Cil
Structures.

Input prestress. From the defined starting, inflection and ending point, the optimum
tendon profile can be generated automatically within the program. Three dimensional
tendon coordinates about the x-axis define the tendon profile. Before defining the
tendon coordinates, the tendon properties should be input.

Stage>Base

Load Tab/ (Temp./Prestress Loads )/ Tendon Property
TendonName (TOP ) ; Tendon Type>Internal
Material>3: tendon
Total Tendon Area (0.0026353)

or

Tendon Area>15.2mm (0.6 ")

Numberof Tendon Area (19)
Duct Diameter (0.103) ; Relaxation Coef‘ficient(45)g
Curvature Friction Factor (0.2) ; Wobble Friction Factor (0.001)
Ultimate Strength (1900000) ; Yield Strength (1600000)
Load Type>Post-Tension
Anchorage Slip>Begin (0.006) ; End (0.006)

Tendon Name (BOTTOM ) ; Tendon Type>Internal
Material>3: tendon
Total Tendon Area (0.0026353)

or

Tendon Area>15.2mm (0.6 ")

Numberof Tendon Area (19) J
Duct Diameter (0.103) ; Relaxation Coefficient(45)
Curvature Friction Factor (0.3) ; Wobble Friction Factor (0.0066)
Ultimate Strength (1900000) ; Yield Strength (1600000)
Load Type>Post-Tension
Anchorage Slip>Begin (0.006) ; End (0.006)

Tendon Propert:

Marne Type
Top Internal -
Botkomm Internal Madify

Delete

Close
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ADVANCED APPLICATIONS

ST

15.2mmi0.6") | ¥

19|

0K Cancel

Tendon Type
Tendon Marme Top
Tendon Type InternaliPost-Tension) 4
Material 3 3: Tendon .
Tatal Tendon Area 0.0026353 m O
Duck Diameter 0,103 m
+ Relaxation Coefficient Magura ¥ |45 v
Ultimate Strength 1.56326e+006 Krfm2
vield Strength 1,56906e-+006 Kfm2
Curvature Friction Factor 0.z
Strand Diameter
Wwobble Friction Factor 0.001 1/m
Mumber of Strand:
Externsl Cable Mament: Magrifier 0 KMjm? HMDSE O Siranas
Anchorage Slip{Draw in} Bond Type
Begin 0,006 m @ Bonded
End 0,006 m Unbonded
Ok Cancel Apphy

Hgure 32 Input Tendon Properties
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FHgure 33 Tendon Arrangement
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Construction Stage Analysis of Prestressed Concrete Box Bridge (FCM) using General Functions

6@175=1.050 100 450 100 5@175=875 2.215
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Figure 34 Tendon Arrangements for the Side Span
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Figure 35 Tendon Arrangements for the Center Span
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ADVANCED APPLICATIONS

§ The base point for
the tendon prdfile is
the upper center point
of the prestressed
concrete box section
because the  box
section is defined with
reference  to the
center-top.

§& The slope is a fixed
value i FIX is checked
on. Otherwise a cuwve
with a calculated slope is
generated.

42

Define 1* tendon for piertable 1 using Figs. 33 to 35. @

Tree Menu > Group>Structure Group>PierTablel1>Active
Load Tab / (Temp./ Prestress) Option/ Tendon Profile ﬁl

Tendon Name (P1TC1R) ; Tendon Property>TOP

@ SelectAll or AssignedElements (21t028)

Input Type > 3D ; Curve Type > Spline

Straight Length of Tendon>Begin (0) ; End (0)

Profile
1>x(0),y(0),z (-0.3), fix (o) ®
2>x(2),y(0),z (-0.15),fix (on),Ry (0), Rz (0)
3>x(12),y(0),z(-0.15), fix (on), Ry (0), Rz (0)
4>x (14),y(0), z(-0.3), fix (off)

Tendon Shape>Straight

Profile Insertion Point( 78, -3.09,0)

X Axis Direction>X o

® SaElat G © ©  §swenTema. B \_r [ Prectress BeamLoacs
-amm_i. B ES & T B e H
ol ll( Load MLD‘J Element Temp.  Beam Secton Tendon Tendon  Tendon 1 Extornd Type Losdcase
D] verentiome © [pircin s Dok ) Combirations | Temn, Gradent  Temp. Froperty Profie  Prestress - i
Terekn Picgarty '-x == | |
— e
B bogns [0 ... “ IRy =
el
@ Spine. Aeund End: o m <
T T i 3 o
Transtec_Length 2
e [k :
Element ~
g
+
[isi
o
i g
=
&
A
PITCIR (=l =

Portcsms Pt @lat | MbeSmosic Tendn
rofl o poee © | 75,3080
o Do fex v Oveda
o k. Angle 0 Zlieg] 7 Frokctin
Gtastange 1 v |w| 0 2 [
o Cance ooty
Ll d
Tree M 110 15\ Command Mewsaon s Herison ILe

TR EE BRIl = fe

Figure 36 Define the Tendon Profile




Construction Stage Analysis of Prestressed Concrete Box Bridge (FCM) using General Functions

Copy pre-defined tendon P1TC1R to define additional tendons profiles with the same
y coordinates.

Name>P1TC1R CapylMave

Name>P1TC1R-Copy Modity |

Tendon Name (P1TC2R)
Profile Insertion Point( 78,-3.74,0) d

| 22Y
‘Cacas ® Copy Maove Propesty Profle Prestiess = EXternd Type Loadkise
Creata L
Translation
1tc29
ey o =
I Q
Q
® Equal Distance: &
=1
Current Assigned Elements =
&
%
No | Assigned Eleme| Insertion
:
el 4
40000 | 0.0000|-0.1%00 (| 000|600
12,000 00000 |-01500 | 000|000 o
i
14000 | 00000 103000 | 000|608 @
1 I r L — 2
3
@
{ Pontarsym O Fen -uew ssgegebnenss: [ |
st pernse  Qzrns D
[ T .
add Modify Delete
aus ek anghe D [ Slfdeq] ¥ Peoieciion
Grad. R, ange v [0 el
o
+ oA CsaiZ aatel [« oK ) Cacel
+ =8 C53[12 o]
= P>
Tres Merw [ 4157, Command Message / Anyes veszage TLel

Fgure 37 Copy the Tendon Profile

§ A tendon profile may
be defined more easily  Define each of the tendon profiles using the same procedure. @
using the MCT
Command Shell. The
MCT command for
tendon profile definition
is “*“TNN-PROFII F”
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ADVANCED APPLICATIONS

After defining all tendon profiles, apply the prestress to each construction stage using
the defined tendon profile.

Stage>CS1
Load Tab/ (Temp./Prestress) Option/ Tendon Prestress
Load Case Name>PS ; Load Group Name>PS-PierTablel
& Select “Both” in “Ist Tendon>P1TCl1L, P1TC1R Bl Selected Tendons
Jacking” when both the Stress Value>Stress 1stJacking>Begin9
ends are stressed. Begin (1330000) : End(0)

Grouting : after ( 1 )g Add
€& Input the construction
stage in  which the Load Case Name>PS ; Load Group Name>PS-PierTablel
tendon s grouted. The Selected Tendons>P1TC1L, PITCIR 2J Tendon
stress is calculated for ﬂ
net section before the Tendon>P1TC2L, P1TC2R Selected Tendons
grouting stage and for Stress Value>Stress ; 1stJacking>Begin

composite section after
grouting. The tendon is

Begin (1330000) ; End(0)
Add |

grouted  after jacking Grouting : after (1)
when ‘1" is selected in
“Grouting”. Load Case Name>PS ; Load Group Name>PS-PierTable2

Selected Tendons>P1TC2L,P1TC2R ﬂ Tendon
Tendon>P2TC1L, P2TC1R ﬂ Selected Tendons
Stress Value>Stress ; 1stJacking>Begin
Begin (1330000) ; End(0)
Grouting : after (1) _Add |
Load Case Name>PS ; Load Group Name>PS-PierTable2
Selected Tendons>P2TC1L,P2TC1R ﬂ Tendon
Tendon>P2TC2L, P2TC2R ﬂ Selected Tendons
Stress Value>Stress ; 1stJacking>Begin
Begin (1330000) ; End(0)

Grouting : after (1) ﬂl
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Construction Stage Analysis of Prestressed Concrete Box Bridge (FCM) using General

I Functions

§¢  The prestress may
be defined more
easily using the MCT
Command Shell. The
MCT command for
prestress is “*TDN-
PRESTRESS”.

p
ttiement/Etc. % ;!‘c gt; gb P System Temp. ‘_ 5z X2 prestress Beam Loads
oad Tables 4° Nocal Temp, B ED B pretonan Loats
StaticLoad Using Load | Blement  Temp.  Beam Section Tendon Tendon Tendon gl
= Combinations | Temp,  Gradient  Temp, Property  Profle  Prestress ~— EXtemal Tune Loadcase
Load Type |7 Cresteload Gases | Temperature Loads | Prestress Loads |
B o _he-van Heces s s o R
5
Sy Q
Tendon Prestress Loads ®
Load Case Name. Q
sef a
Load Group Name Q
o
e A
o
S| PITCIR )
© stz Force &
1330000 =
1stJackng & |Bagn [~
Begin ° iz @
end 01 g
Grouting: after |0 ) Stage
Tendon  Type LoadCase|n
PITCZL  Stress
PITCZR  Stress PS5
PITCIL  Stress PS5
MR s s [y T
2 Model View, B
Modfy | Delete
ose
Tree Menu JRS Command Message {_Analysi Message

w104 b frondw | (2100 2

Fgure 38 Prestress Load

Apply prestress ateach construction stage using the same procedure.

o2 2
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ADVANCED APPLICATIONS

Input the construction time duration periods. Input the duration of construction
period between pier 1 and pier 2 as 60 days. Since the time period of 60 days is
applied atCS14, change stage to CS14 and theninput the time period.

Stage>CS14

Load Tab / Construction Stage Options / C.S.Loads /Time Loads for
Construction Stage

Select Window (Fig.39, @)

Load Group Name>TimeLoad

Options>Add

Time Loads (60) o

ket Py [BE o Reans s

DSt loats (3) Sekmic ) e = g [ =

%) Temp.Prestrass [ @) carstruction stage | () Load T AT =
s

Dsfre _ composte
cs

DiMowngload () Heat of Hyckation

Toad Type. | comtnelQStane| T3 Time Loads for Comstruction Stage.

— - EETHEGIFIRE B homs -~ = -

Fi s ik -

beg

ot

a6 =>P008I0F: €34

el | >
wowln ] b e (210G 2 2

Figure 39 Input Time Load

Perform Structural Analysis
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We will now perform structural analysis.

Analysis / % Perform Analysis

Refer to tutorial on “Construction Stage Analysis using FCM Wizard” for analysis
output results.



