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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”.

| Substructure construction } ---------- { Form traveler assembly |

| Substructure completion |

<
<
v
| Pier table construction

and fixity device set |<7

v
| Set the form traveler on the pier table |

Y
Form work assembly, reinforcement bar
and tendon placing (7 days)

Y
Pour concrete, curing concrete, and jack
tendons (5 days)

Y
| Move Form traveler to next segment l—

A 4

| Side span construction (FSM) |7

Y
| Key segment construction |

Y
| Set bearings, then jacking bottom tendon |

v
| Pave structure |

Y

| Finishing |

Note: This example is 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 0~ w N PR

Define time dependent material 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

€ The unit system
selected can be
changed by clicking
on the unit selection
button in the Status
Bar located at the
bottom of screen.

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

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

File/ O New Project

File/ I save (FCM General)

. (4

Tools / Unit System
Length>m ; Force>kN

X

Unit System

Length Faorce (Mass) Heat

" m N (ka " cal

C am il iy kel
" kgf

" mm ket (ko) f+ 1
" tonf (ton)

O fe OB () L

in " kips (kips/q) ™ Btu

Temperakure

o Celsius " Fahrenheit

Mote @ Selected units are displayed in relewant
dialog boxes. Values are MOT changed with
Hniks.

[ Zetfichange Defaulk Unit Systen

(414 | Apply | Cancel

Figure 1 Assign unit system



ADVANCED APPLICATIONS

Define Section and Material Properties

Define material properties for the girder, pier and tendons.

Model / Properties / Material

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)

& |

‘ Material D [3 Name  [Tendon
~Elasticity Dat —_—
) ~User
] Tupe of Design [User Defined =] Standard [T -
Material | Sachunl Thlcknsssl 1 DB =
ID | Mame [ Type | Standard [ DB Add,., g:lei:\ed ~Conerate—————————————
1 Grade CH000 Concrete ASTMIRC)  Gra Wodify Tyme of Material Stndard [ |
smacen i oneo i MM ] T e | e
' __Delete | “Uoar Dfineg

Copy | Modulus of Elasticity : [ 206 Ki/me
Poisson’s Ratio o
&I Thermal Coeffisient | 105 1/T]
Renumber | Wealght Dansity T ke
I~ Use Mass Densiy: T K/me/g
J——
Modulus of Elsticity : [TO0005 000 iy ms
Poisson’s Ratio o
Thermal Coefficient m 17171
Weight Density T T ke
A | » I~ Use Mass Density: [ 0 kg

’—Plaslicity Dat
Close |

Plastic Material Narme [NONE -

~ Thermal Transfer
Specific Heat T aganm
Heat Conduction @ [0 Jimehe[T]

OK | cancel £oply

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 definition of a variable section range (by Group)
together with the input of dimensions at both ends. While using the Tapered Section
Group function, it is unnecessary to define all the dimensions for each segment - only
the section properties for pier and center span segment are needed.

Define the pier section.

Model / Properties / ﬂ Section
DB/User tab
Section ID (1) ; Name (Pier)
Section Shape>Solid Rectangle ; User>H (1.8), B(8.1) d

DE/Userl

Section 1D |1 [ Solid Rectangle -

Material Sestion |Thmkness| i
Name[Pler @ User C DB [i9 2
10| Name Tupe Shape Add,
1 Pier User 5B Sect Mame lﬁ
Madify, ., B
Dalste { ¥ | Built-Up Sesfion
_ oy | i
Import L Get Data fram Single Angle
Renumber DEMame  [IKS h
Gect, Mame ,ﬁ
H 1.8 m
] 61 m

Close

Offset [Comror =]

ShanaIcu\atinnHesultsml T0F 3  Cancel Anply

Figure 3 Set Section dialog box



ADVANCED APPLICATIONS

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

Model / Properties / ﬂ Section
PSC tab
Section ID (2) ; Name (Span)
Section Type>1 Cell
Joint On/Off>JO1 (on), JI1 (on), JI5 (on)

§  The section offset Offset>Center—Top9
is defined at the

Outer
Center-Top because
the sections are of HO1 (0.25) ; HO2(0.35) ; HO3(2.1)
variable shapes. 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) .

DB/User | Walue | SRC | Combined |
PSC | Tapered | Composite
HOL[ L_Jol
Section ID |2 _ e % Joz2
I [ esccew el A Hmlgg%r*—
MName |Span
Joint On/Off— - Outer BOL1l
HO1 1025 'm BOl |28 m —
o on Hoz [035 m BOI-1 /105 m HO3 ECL-2
1.050 1.750 450 1.750 1.350 I Joz — —
N [ [ [ [ N 103 Hoz i [T m  BoI2[T _m
Hoz-2 |0 m Boz |0 m HI4::
W it — - 3 H14
a2 HO3 |27 m  Boz-1 [0 m Tros1 o2 M T 1m1s
r T T BO2-1}
s HOS-1 m B03 [F
I Ji rInner EOL BO2 BO3
[ JIS Hil 0.2% m Bl 31 m
He 0385, Bl [[E - Wieer
Sectlon Type— | iz 0 m Bz [0 m
3.100 1 Cell Hiz-2 [T mo Bl [0 m
2Cell Ha [H m 83 [T m
HI3-1 D_ m BI3-1 ﬂ m
H4 05 m B2 [0 m
Hig=1 [0 m i [0 m
Hig-2 [0 m
HI5 026 m
d l Offset
1.050 1.750 450 1.250 1.850 lm
2.800 3.550
Show Calculation Results,,, | 0K | Cancel | Apply |

Figure 4 Define Center Span Section
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250

6.400

Define the section properties of the box girder at the supports.

Model / Properties / ﬂ Section
PSC tab
Section ID (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) J

ATER Value | SRC | Combined |
« | Tapered | Composite
. HoL| Lgol
Section 10 [3 |'U' PSC-ICELL, 2CELL j Ho;I“{ozf“*m
1.050 1.750 450 1.750  1.350 Name [Suppot Hoz2
[ X X X X N ~Outer Bol1
Hot [0 m  Bol 26 m —
Ho2 0%  m  BOI-1 (105 m HO3 -
—0 HO2-1 [0 m  BoI-2[0 m
\—\ —&QN Hoz-2 [0 m B0z [0 m
- Ho3 |64 m  BO2-1 U m THO3-1
HO3-1 [0 m B03 [3% m
3.100 Inner BOL EOZ EO3
S HI  [02% m B [31 m
‘u:. H2 [0 @ Bi-l [T% o e
He-1 [0 m B2 [0 m
He2-2 [0 m Bl [0 m
H3 [B5 m B3 Bl m
—13 HEt [0 m BT 18 m
gt He [0E m B2 [0 m
_®| Hig-1 [0 m B4 U m
Ha-2 [T m
HE  [08F  m
1.050| 1.750 hsd 1.250 | 1.850 e
2.800 3.550
Show Calculation Hesul(su.| OK I Cancel | Apply |

Figure 5 Define Box Section at Supports
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After completion of section property input, generate section properties for the
@ To generate a  Tapered Type using Section ID 2 and 3.

Tapered Section

Group using Tapered

Type sections, Model / Properties / ﬂ Section
predefine Tapered Tapered tab

Type sections.

Section ID (4) ; Name (Span-Support)

Section Type>PSC-1 Cell ; Joint On/Off>JO1 (on)
Size-I> | Import.., (Span)
Size-J>/| Import.. (Support)
§® Each segment is y Axis Variation>Linear ; zAxis Variation>Linear“
designed as a linear Offset>Center-Top &pply |

tapered member
because it is difficult
to fabricate a curved

Section ID (5) ; Name (Support-Span)

formwork.  Hence, Section Type>PSC-1 Cell ; Joint On/Off>JO1 (on)
define the ' sgction Size-l>| Import... (Support)

changes within a .

tapered segment as Size-J>] Impart... (Span)

linear, and  model y Axis Variation>Linear ; zAxis Variation>Linear

each segment as one
element.

Offset>Center-Top

DB/User | Walue | SRC |  Combined | +
PSC Tapered | Composite — T
wotl [ey jE:is)
Section ID [7 EF PSC-1CELL - HO;ILHE%.NJOZ mﬁilzfzilm
Mame [Span-Support ¢ Walue & User ¢ DEJKS > — i
~Dimension—————————— B Bl2-1 s
= os FolZ 13 3
EI3-2
401 " f —
J02 C HEZ (31,
J03 C o1 Eozrlem s i
Jn ¥
Jiz r = BOL BOZ BO3
JI3 C
Ji4 r
:nsﬂnﬂ. > | ettt Gt Ty, Slieme)
HOZ 0.5500|m Select PSC Section
HOZ-1 0.0000(m e Import
HO3 2.1000{m
Cancel
BO1 2.6000{m —I
EOT-1 1.0500)m I=|
Display Centroid
L‘ y Azis Variation |Linear -
Offset[Center-Top »| 2 Axls Varlation [Linear =]
Show Calculation Results.,. | 0K | Cancel | Apply |

Figure 6 Tapered Sections
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Structural Modeling

Model FCM Bridge using general functions of MIDAS/Civil.

To perform construction stage analysis, construction stages must first be defined. In
MIDASI/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 box girder modeling
Pier modeling

Define Time Dependent Material Property
Assign Structure Group

Assign Boundary Group and input boundary condition

o o M w NPk

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
2[000 4@ 4.250 = 17.000 2.000 12 @ 4.750 = 57.000 4 0003-00(1

FSM | Seonent 1 |
4;5#

65.000 65.000
3.0004.000 12 @ 4.750 = 57.000 1.0 12 @ 4.750 = 57.000 4.000 3. 00

Pier Table

‘ Segment 2 ‘ ‘ Segment 2 ‘
L b

85.000

B.000 4.000 12 @ 4.750 = 57.000 2.000 4@ 4.250 = 17.000 2,000
000 6 16 e T+
Key Seg 3
7
Segment 1 || FSM
2100

Figure 7 Segment Division
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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 Element function (@ Extrude Elements).

@ Front View, Auto Fitting (on), *#point Grid Snap (off)
ﬂ Line Grid Snap (off), . Node Snap (on), ﬂ Element Snap (on)
Model / Nodes / ﬁ Create Nodes
Coordinate (x,y,2)(0,0,0) d
Model / Elements / E Extrude Elements
@ Select All
Extrude Type>Node - Line Element
Element Type>Beam ; Material>1: Grade C5000
Section>2: Span ; Generation Type>Translate
Translation>Unequal Distance ; AXxis>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

€51 Civil 2006-LAN - [C:\Civil 700 Tutorials\FCM General\FCM General] - [Model View] =

0y Fie Edt Vew Model Load Anasis Resubs Desgn Mode Query Tooks Window el

L
Grid/Snap | UICS/GCS | Yiew Co...| Activation izard | Node  Element rty | BC/Mass | Stage | Load | Moving | Settlement | Result | Influence LinesfSurfaces | Query
g RO [ R e C2F R M R chrara |
| SREE LER AE{ 0)BY %5 N E 5% - i8] A

Tree Menu 2% (4G Model view | A b x|
Hode  Element | Boundary | Mass | Load L
A ia
Extrude Elements ] - i
Elstart bmber =
Nodefumber i [12 3

Element umber 1 [107 .|

Extrude Type

Node -> Line Elemert -
Source [ r

I~ Reverse -1
Element Attrioute

Element Type:  [Beam -

Material;

1 [haadecsaon v .|

Section
2 [2: 5pan <.
Beta finge: |0 ~| [peal

B 8 | P2 o 5w | B

Generation Type
( Translate (~ Rotate ( Project
Translation

" Equal Distance

(% Unequal Distance

Al @ x Oy €z C arbitrary

Distances: | 201, 404.25, 2 1y

{Example : 5,3,4.5,3@5.0) “
&
Dr—
Merging Tokerance <\\\>
v |[A[ATF TV, Commandwessage } Analysis Message K D
For Help, press Fi Node-l | Ui0,0,0 G0,0,0 N ~llm ] 2] e llron=] I =i 2 &

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 (ﬂ 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 right half.

Model / Elements / ﬂ Mirror Elements
@ select all
Mode>Copy ; Reflection>y-z plane x: (150) E
Reverse Element Local (on) J

&1 Civil 2006-LAN - [C:\Civil 700 Tutorials\FCM General\FCM General] - [Model View]

i{j Fie Edt Viow Model Load Anabysis Resubs Desin Mods Query Toos Window Help ®
| Freque... | Grid/Snap | UCSGCS | View Co...| Activetion | | Wizard | Node | Element | Propatky | BC/Mass | Stage | Load | Moving | Settlement | Resul | Influence Lines/Surfaces | Query
iuPEsr e B 0P an s G AR R R OPS |
iDSHE| x| Q'\Sﬁ\i%z\ﬁ@k%@d@?i\%%zﬁ@\? - & TR
e

Tree Menu 8% 4 G Model View |
Hode Elemenl‘ﬁuundaw Mass | Load

Elstart humber
Modetumber ¢ 112 .
Element Number [or .|

Mode
& Copy © Mave

Reflection
& yzplane x:

150 o
ey plane 2
T

€ 2plane y:

" Plane defined by 3 pts.

B héss 2@IdIF %

1l

Material Increment: ¢ [0 =] (1 0)
Sectonlncrement ¢ |0 = 5

Thickness Increment 1 [0 |
Intersect [~ Mode [~ Elem .|

I~ Copy Node Attributes a
I Copy Element Atiributes .,

[V Reverse Element Local

-
L
t
¥

4
&

V4

Message Window 2 x

[AT2TFT, commandMessage )\, Analysis Message

el | 0
For Help, press F1 Node-1  U:0,0,0 0,00 N ~|m =] 4] o] I =2 2

Figure 9 Copy the beam elements symmetrically
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Change section properties for the tapered and pier table elements using Select
Identify Element (@ 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 transformed from “Span” to “Support-
Span” sections. The segments in the pier table are changed to “Support” sections.

Tree Menu>Works tab
@ Select Identity-Elements (22 to 27, 63 to 68) (Eme ey
Works>Properties>Section>3: Support Drag&Drop
@ Select Identity-Elements (10 to 21, 69 to 80 ) ( Emeiikey

Works>Properties>Section>4: Span-Support Drag&Drop

@ Select Identity-Elements (28 to 39, 51 to 62) [ Enieiikey
Works>Properties>Section>5: Support-Span Drag&Drop

€51 Civil 2006-LAN - [C:\Civil 700 Tutorials\FCM General\FCM General *] - [Model View]

0 Fle Edt Wew Model Load pnalysis Resubs Design Mode Query Took Window Help -

id)

jSnap | UICS/GCS | View Co... Activation
i sgrirrgr0 ) ARAEeEAIETe | HEREMA |
DEE X2 (8R[i5E LERK @06/ EY 55 AG] [ = Y

Tree Menu 2% [4 7% Modelview | b x
Mer | Tables | Group Works |
R waks
=/ B Analysis Control Data
[Bf Constiuction Stage Analysis [ Stage=L
- R Struchures
2% Nodes: 83
-1 %5 Elements: 82
%5 Beam: 82
-1 HE Properies
I [X] Material: 3
[&] 1: Grade C5000
[x] 2: Grade ca000
[x] 2: Tendon
- X Section:5
I 1:Fier
T 250 Drag & Drop

I 3 suppont

(X 5: SupportSpan

{wiizard | Hode | Element  Property | BC/Mass | Stage | Load | Moving | Settlement | Result | Influence LinesfSurfaces | Query

L
-
®
D
8
@
®
;i\
@
&

-
-
+
¥
Q&
+
&
Message Window 2 x
>
2l 3 ', Command Message £ Analysis Message ]I« o
For Help, press F1 Monel | U 69.08, 292.5,0 | :-09.06,2328,0 |kN <|lm | 4] ollfrene~] (2 iz =

Figure 10 Section change
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ADVANCED APPLICATIONS

Assign beam elements in tapered members to variable section group by the Tapered

§  Section properties of the  Section Group function (ﬁ Tapered Section Group). @
tapered members can be

automatically  calculated Model / Properties / ® Tapered Section Group

from the defined section B . .

properties at each end of J Iso View, ﬂ Hidden (on)

the tapered section by Group Name (1stspan) ; Element List (10to 21)

assigning a Tapered

. - . . @
Section Group. Section Shape Variation>z-Axis>Polynomial ( 2.0)

Symmetric Plane>From>i ; Distance (0) @
Group Name (2ndspanl) ; Element List (28to 39)
Section Shape Variation>z-Axis>Polynomial ( 2.0)

Symmetric Plane>From>j ; Distance (0) ﬂl
gz_oset:‘;i;u::ly?ﬁemiasle;g: Group Name (2ndspan2) ; Element List (69 to 80)
height changes in a Section Shape Variation>z-Axis>Polynomial ( 2.0)
parabolic form. Symmetric Plane>From>i ; Distance (0) _Add |
Group Name (3rdspan) ; Element List (511to 62)
Section Shape Variation>z-Axis>Polynomial ( 2.0)
; Distance (0) ﬂl

Add

€@ In  Tapered Section
Group, the parabola
function is  determined Symmetric Plane>From> j

uniquely by the defined Select all the 4 Group Names

coordinates of two points on ]
Click Convert ko Tapered Section...
the parabola and the center

point. Since the j end of New Start Section Number>1

segment 12 is the center . .

point of the parabola, select Use New Section Name Suffix>(on)

the i end and input a zero Start Suffix Number>1 J

distance. Click Close
B =15 x]
Eb‘ File Edit Yiew Model Load Analysis Resuts Design Mode Query Tools Window Help -8Xx

UCS(GCS | View Co...| Activation| |i Wizard | Hode | Element  Property | BC/ Stage | Load | Moving | Settlement | Resul | Influence Lines/Surfaces | Query

: KBy rrer0 o r|/DEaEesAIE€eR HEED J
DSRIXI2r - |SR[2% LERK AR BY 3% a8 § - g, sios - [i =8 &
Tree Menu 2X 4 Model View | b x|

Node | Element | Beundary | Mass | Load

Element Rumber | 83 [l

A

Tapered Section Group

Group, Dist.

.
Sym. Plane =

rdspan

roup Hame

Element List ;

Sltos2

Section Shape Variation
2-is

{ Linear & Pobnomial 2 2,

From o0 @i
Distance: |0 m

& Unear ¢ Polynomial 2 = Convyert To Tapered Section -
Symmetric Plane -
From @ o Mew Start Section Number : 1 t
Distance : m +

o Use New Section Hame Suffix

Start SUffic Number © | 1

Harne: Element List
1stspan 10t021 Cancel FY
Zndepant 20033
Zndepan2 631080
Srdspan Sitosz
< >
fossage Window: R x
Operations
Close
v [F[A]2 10 Commemessage ) Analysis Message ILe |
For Help, press F1 Monel | Ui -173.85, 420.23,0 | G:-173.85, 420.29,0 |kN ~|lm | Al 42] 2l fnone =] EI i 2 =

Figure 11 Assign tapered section group
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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 (ﬁ Extrude Elements). To model the 40 m high pier,
divide the pier length into six equal length elements.

ﬂ Hidden (off), @ Front View
Model / Nodes / ﬂ Translate Nodes
% select Identity-Nodes ( 23, 27, 65, 69 ) Enerkey)
Mode>Copy ; Translation>Equal Distance
dx, dy, dz (0,0,-7) ®  Number of Times (1)
Model / Elements / E Extrude Elements
2 Select Recent Entities
Extrude Type>Node — Line Element
Material>2: Grade C4000
Generation Type>Translate

Element Type>Beam ;
Section>1: Pier ;
Translation>Equal Distance

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

€51 Civil 2006-LAN - [C:\Civil 700 Tutorials\FCM General\FCM General] - [Model View]
% Bl Edt Vew Model load Andlysis Resubs Desgn Mode Query Iooks Window Hep -8

UCSIGES | Wiew Ca., .| Activation ‘Wizard | Mode  Element JoPwagerty | BC/Mass | Stage | Load | Moving | Settlement | Result | InFluence Lines/Surfaces | Query
i e[ A 3T 00 B e P
D&M %] B2 % LEEAE0 6 B %)% 5 8 &

— o/ :
Tree e 38X 4 ModslView | b=

23276569

HNode E\Ement‘ﬁuundaw Mass | Load

~
Extrude Elements |

Blstart number
iz L
|

Mode Mumber

Element Number ¢

Extruds Type

hode -» Line Element. -
source [ r
I~ Reverse -1

Element: Attribute
Elemert Type:

Beam -
Material ;
2 [icradecaom ] .|

Section

° | [peg]

ﬂ?ﬁ@"@ﬂ“%“%‘;‘@ﬂ'HV?ﬁE

Beta Angle

Generation Type
@ Translte  ( Rotate ¢ Project

Translation
% Equal Distance

¢ Unequal Distance

.
:
t
+

dx,dy,de: | 0.0, -40/6 m
Number of Tmes: [5 =

450

_ veowmese | ®<\\\5
Apply Close

Message Window: nx

~ [\ Commandiessage ) Analysis Message

>

el | .
N llm ] ] e fone =] 21T S 2 =

For Help, press F1 Mode-1 Ui 0, 0,0 Gi0,0,0

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 of |t will be assumed that both piers are constructed at the same time and both
some elements by Time

Load using the Construction

Stage function. A detailed  construction. And just before the key segment construction, the age of one cantilever
i i . . ) ) .

explanation can be found in il he jncreased. * Define the elements constructed at the same time as each group

“Time Dependent Analysis - o ] ] )
Define and Composition 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
“Analysis of Civil Structures”

manual.

cantilevers are constructed through the same stages before the key segment

function.

-

)
3

KEY-SEGMENT

KEY-SEGMENT

KEY-SEGMENT FSM PART

SEG (12DAY/SEG] SEG (12DAY/SEG]

L FSMPART

PIER TABLE

FIT SETTING

7,
) EDE

PIER

FOOTING

[ | _FOOTING

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

Generate Structure Group

@ Group

Model / Group / Structure Group / Define Structure Group

; . ) & Add
© By appending suffix Name (Pier) ; Suffix (1to2) —_I
numbers to Name, multiple
Structure  Groups can be Name ( PierTable) ; Suffix (1to2) ﬂl

generated simultaneously.
Name (P1Seg) ; Suffix (1to12) _ bdd |
Name (P2Seg ) ; Suffix (1tol2) ﬂl
Name (KeySeg ) ; Suffix (1to3) ﬂl

Name (FSM) : Suffix (1to2) 249 |

% Bl Edt Vew Model load Andlysis Resubs Desgn Mode Query Iooks Window Hep _8

€  Generated Structure
Group can be confirmed s
using the Group Tab and :T,SM:UE‘ L2

Tree Menu. S
|5 Group
-1 B8 Stucture Group : 33
R Pierl [Mode=1d ; Element=12 ]
[ER Pier2 [ Node=14 ; Element=12 ]
{58 PierTablel [ Node=3 : Element=8]
{7 PierTable2 [ Node=8 : Element=3]
R P15egl [ Node=0; Element=2 ]
R P15eg2[MNode=0 Element=2]
R P15eg3[ Mode=0  Element=2 ]

£28 P15eqé [ Node=0.: Element=2 ] { Exarmple 1356 7to 20 by 2}
R P15205 [ Nods=0: Element-2 |

8 P15eg6 [ Node=0; Element-2 | Prerl Add
{9 F15eq7 [Mode=0; Element=2 | Pier2 —

i "Wizard | Hode | Element | Property | BC/Mass | Stags | Load | Moving | Settlement | Result | Influence Lines/Surfaces | Query

VgL GEME DX R HEG PP J

XY G Model view | box|"

B i @I N

R P15egh[ Mode=0 Element=2] PierTablel Muodif |

58 P15eg3[ Node=0 Element=2 | PierTable2 L Loy

fEH P15eg10{ Node=D : Element=2] P1segl Delete |
{58 P15e011 [Node=D; Element=2 ] P15eg2

{8 P152q12 [ Node=0 ; Elemert-2] P}gggg Delete [ny |

{9 P25eg1 [Mode=0; Element=2 | P
R P25eg2[ Mode=0 Element=2 ] E}S H

P25eg3 [ Node=0 : Element=2 ] &4
g P2Seg4 [ Node=0 : Element=2 | Plzes? LI Close |
B P25=g5 [ Mode=0: Element-2 |
58 P25eg6 [ Node=0; Element=2 |
R P25eg7 [ Mode=0; Element=2 ]
[ER P25egB[ Mode=0  Element=2]
{58 P25e0d [ Node=0: Element=2 |
R P25e010 [ Hode=0 : Element-2 ]
B8 P25eg11 [Node=0; Element-2]

-
-
t
¥

YR

Element-2]
0 FSM1 [Node=7 ; Element=5 |
58 FSM2 [ Node=T ; Element=6 | @

A Boundary Group : 0 <\\\>

% Load Group: 0

¥ Tendon Gioup - 0 Message Windaw 2 x

AT TP Commenaessagsj Analysis Message Le
For Help, press F1 Mode-l Ui0,0,0 60,00 kN ~l[m ] @l 42 2 lllnone =] [2

== 4

Figure 14 Element Group Generation
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ADVANCED APPLICATIONS

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

Tree Menu>Group tab

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

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

&) Select Identity-Elements ( 21t028 ) (Emerikey)

Group>Structure Group>PierTablel Drag&Drop

@ Select Identity-Elements ( 62t069 ) (Emeikey )

Group>Structure Group>PierTable2 Drag&Drop

€

%1 Civil 2006-LAN - [C:\Civil 700 Tutorials\FCM General\FCM General *] - [Model View]
05 Fle Edt Vew Model Load Analyss Resubs Design Mode Query Tooks Window Help .
i Freque... | Gridisnap | UCS/GCS | View Co.. | Actation| || wizard | Node  Element | Property | BC/Mass | Stage | Load | Moving | Settlement | Result | Influence Lines/Surfaces | Query
i Vel GEAKE XA RO S \

DBEI%X| 2 - SR[E%E LEHEADE BY B5E a8 ¢ C 2, sty oo =) (6] 4|

Tree Menu 2[4 8 Model View | b x|
Menu | Tables amup|wws

1Bk Group

{58 PierTablel [Nade=3 ; Element=8 |
{7 PierTable2 [ Node=3 ; Element= ]
{5 P15eal [Node=D : Element-=2 ]
{ER P1Seq2 [ Node=0 ; Element=2 |
{ER P1Sea3[Node=0  Element=2 |
{ER P1Seqd [Mode=0 ; Element=2 |
{BR P13eq5 [ Node=0 ; Element=2 ]
{58 P15egh [ Mode=0 ; Element=2 ]
{BR P13eq? [ Node=0 ; Element=2 ]
{ER P15ea8 [ Nods=D : Element-=2 |
{ER P1Seq3 [ Node=0 ; Element=2 |
{ER P1Seql D[ Hode=D : Element=2 |

Drag & Drop

w2003

o~ 5o

i

Ba |

(BR P13eq12 [ Node=D : Element=2 |
{5 P2Seal [Node=D : Elemert-=2 ]
{BR P2Seq? [ Node=0 ; Element=2 ]
B P25eq3 [ Node=D : Element-=2 |
{ER P2Seqi [ Node=0 ; Element=2 |
{ER P2Seqb [ Node=D  Element=2 |
(BB P2Seqh [ Mode=0 ; Element=2 |
{BR P2Seq? [ Node=0 ; Element=2 ]
{ER P25eaB [ Node=D : Element-=2 |
{BR P2Seq3 [ Node=0 ; Element=2 ]
{ER P25eql 0| Node=D : Element=2 ]
{ER P2Seql [ Node=D ; Element=2 |
{ER P2Seql2 [ Hode=D : Element=2 |

== t | QO ®

Yy

+Elemert=2 ]
{BR FSM1 [Node=7 ; Elemert=6 |
B FSM2 [ Node=7 : Element-6 | ®
A Boundany Group: 0 Q\\)
4 Load Group: 0
=% Tendon Group: 0 Wessage Window ax

[T7 [T, Commananiessage j, Analysis Message

| KT i
Far Help, press F1 Hone! | L:0,0,0 §10,0,0 W ~llm = ] e llrence] [0 iz

Figure 15 Structure Group arrangement
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Construction Stage Analysis of Prestressed Concrete Box Bridge (FCM) using General Functions

Assign corresponding beam elements to the other remaining Structure Groups. by
referring to Table 1.

Table 1 Element group 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 P2Segll 51, 80
P1Seg9 12, 37 P2Segl2 50, 81
P1Segl10 11, 38 KeySegl 7,8
P1Segll 10, 39 KeySeg2 41, 82
P1Segl2 9, 40 KeySeg3 48, 49
P2Segl 61, 70 FSM1 1-6
P2Seg2 60, 71 FSM2 42~47
P2Seg3 59, 72
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ADVANCED APPLICATIONS

Define Boundary Groups and Input Boundary Conditions

. . . ) (%
§  Corresponding groups  After completion of modeling, confirm the Structure Groups for each segment.
can be selected by double-

clicking a particular group in

the Group Tree. 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

input boundary conditions, define a Boundary Group.

Group tab

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

€51 Civil 2006-LAN - [C:\Civil 700 Tutorials\FCM General\FCM General *] - [Model View]
il Fle Edt Wiew [Model Lload Analyss Resubs Desion Mods Query Took Window Help -8

lfSnap | UCSIGCS | Wiew Co.. | Activation| |} ‘Wizard | Mode  Element | Property | BC/Mass | Stage | Load | Moving | Settlement | Result | Influence Lines/Surfaces | Query
gt e Ol vl DN GLEEAEXAFGPS ‘
DR <2 SEIGE IHKAATE BY D5 18§ - & N

Tree e 3X 4 ModelView | b=
|5 Group

=1 B8 Stucture Group : 33

R Pierl [Mode=1d ; Element=12 ]
[ER Pier2 [ Node=14 ; Element=12 ]
{58 PierTablel [ Node=3 : Element=8]
{7 PierTable2 [ Node=8 : Element=3]
R P15egl [ Node=0; Element=2 ]
R P15eg2[MNode=0 Element=2]
R P15eg3[ Mode=0  Element=2 ]
{58 P15e04 [ Node=0: Element=2 |
R P15205 [ Nods=0: Element-2 |
R P15206 [ Node=0 Element-2 |
R P1SegT [ Node=0, Element=2]
R P15egh[ Mode=0 Element=2]
[ER P15egd[ Mode=0  Element=2 ]
2R P15e010 [ Hode=0 : Element-2 ]
R P152011 [Hode=0: Element-2 ]
R P15e012 [ Node=0; Element-2]
R Paseg [Mode=0; Element=2]
R P25eg2[ Mode=0 Element=2 ]
[ER P25eg3 [ Node=0  Element=2 ]

Bl bS5 B %

R P25eg4 [ Nods=0: Element-2 |
B P25=g5 [ Mode=0: Element-2 | -
58 P25eg6 [ Node=0; Element=2 | <=
R P25eg7 [ Mode=0; Element=2 ] -
[ER P25egB[ Mode=0  Element=2] 'S
{58 P25e0d [ Node=0: Element=2 |
R P25e010 [ Hode=0 : Element-2 ] ¥
B8 P25eg11 [Node=0; Element-2] e
{7 P25eq12 [ Node=0 ; Element=2 ] =
B KeySeg! [ Node=0 ; Element=2 ] +
£58 KeySea? [ Node=0: Element=2 ] &
R KeySend [Node=0 ; Element=2]
0 FSM1 [Node=7 ; Element=5 |
ka2 ladead Flerveri=5 | W

- L, Eoundary Group 3 <\\\>
Ay BC_Pier
7 BC_Left Message Window nx
A BC_Right

aa G
#* Tendon Group: 0
AT TP Commenaessagsj Analysis Message el | ol
For Help, press F1 Node-1 | U:0,0,0 60,00 kN ~l[m ] @l 4] 2 llrone =] EIW =i T2 =

Figure 16 Define Boundary Group
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Construction Stage Analysis of Prestressed Concrete Box Bridge (FCM) using General Functions

Define boundary conditions. Define fixity condition at the bottom of the pier and
longitudinal roller condition at both ends of box girder.

Model / Boundary / Supports

Q Select Single (Nodes: 1)
Boundary Group Name> BC_FsmLeft
Support Type>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
Support Type>D-All (on) and R-All (on) J

€71 Civil 2006-LAN - [C:\Civil 700 Tutorials\FCM General\FCM General] - [Model View]
i3 Fle Edt Vew Model Load Analysis Resubs Design Mode Query Toos Window Help o

i Freque... | GridSnap | UCS/GCS | Yiew Co... Activation rd | Node | Element | Fropeity  BCiMass | Stage | Load | Moving | Settlement | Result | Influence Lines/Surfaces | Query

I/ Fleesrrera.r o R o~ g [T % T @0 LT |
iDEE| f2- | S s H K@@ ® BY 5538 ¢ - BEETEEY
Tres Menu 2% 14 Wefodel view | x|
Node | Elemert:  Boundary | Mass | Load
Supparts |
Boundary Group tame
Default S|
Cptions

@ Add O Replace (" Delete

Support Type (Local Direction)

Pyt
0 Node 1 Node 43
ncy - 2@
Dz ﬁ

v D-ALL
ox ¥ oy W ooz W

| Rd5w @I 5

¥ R-all

R R [T B
Apply Close

Node 108 ~ 111

G
Message Window 2 x
[\ Command Messags _}, Analysis Message 1D |
For Help, press F1 Node-1 | U:0,0,0 G000 N ~llm < &l plrone] FIWCEITz 2

Figure 17 Define Boundary Conditions
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ADVANCED APPLICATIONS

Connect the pier and box girder by Elastic Link - Rigid Link Type to ensure the
monolithic behavior at the intersection point.

Model / Boundary / Elastic Link
Boundary Group Name>BC_Pier
Link Type>Rigid Link
Copy Elastic Link (on)
. o @
@ Assign  multiple Axis>x ; Distance (4.2,125.8,4.2)

rigid link conditions 2 Nodes ( 84, 23)
simultaneously by

selecting Copy Rigid Zoom FEit

Link and inputting the
spacing.

€51 Civil 2006-LAN - [C:\Civil 700 Tutorials\FCM General\FCM General] - [Model View]

103 fle Edt Yew Model Load fnaysic Resubs Design Mode Query ook Window Help 3
Gridfsnep | UCS[GCS | view Co... Actvation |1 Wizard | Node | Element | Froperty | BCjMass | Stage | Load | Moving | Settement | Result | nfuence Lines/3urfaces | Query

gt rgEO L s b B Qe ankd - MAFH ST @ |

iDEE| - SREIBEISHK A0 G B DS A6 7 - & IR

Tres Menu 8% 47 G Model View | L

Node | Element  Boundary | Mass | Load

Besticlok <. m@
Boundary Group Name
Defaul = - Lg

Options
 Add " Delete

e

Elastic Link Data

z

Ref.
) L i

o 2

Y\Mf\[z

LA

;
E
@
®
(&}
@
®
o
@
&

Node 23

Link Type
" GeneralType  * Rigid Type

 Tenscorly " Comp.-only

sox [T

s [T imired)
sy [0 ke
se [T ke

=
Distence Ratio From End 1 O Node 84
—

sDy: spz:
Betapnge: |0 | [deq]
2Nodes: |84, 23

V' Copy Elastic Link
 HodeInc. (5 Distance S
Ais ¢ Cx Cy Cz

Message Window ax
Distances: | #2,125.8,4.2 m 2

(Example : 5,3, 4.5,3@5.0)

Apply Close

-
-
L
¥

4

[\ Commend Message ) Analysis Message el | o
T e Mode-1 | 10,0, 0 0,00 PR I == M D = T |

Figure 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-weight of the activated elements at initial age

Prestress for the activated elements at initial age (PS)

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

Time Load for Construction Stage to account for aging effect“

vV V.V V V V

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

Define load conditions for each load.

Load / Static Load Cases

Name (Self) ; Type > Construction Stage Load ﬂl
Name (PS) ; Type > Construction Stage Load ﬂl
Name (FT) ; Type > Construction Stage Load ﬂl
Name (WC) ; Type > Construction Stage Load ﬂl
Name (Time) ; Type > Construction Stage Load Lii
Name (2nd) ; Type > Construction Stage Load ﬂl
Static Load Cases E|
Name 8 ‘Tlme Add
Type 8 ‘Cnnstruct\on Stage Load (CS) ﬂ Modify
Description : ‘ Delete
No Name ‘ Type | Description £
1] Self Construction Stage Load (CS)
2|PS Construction Stage Load (C5)
3|FT Construction Stage Load (C5)
4| WG Construction Stage Load (CS)
4 5| Time Construction Stage Load (C5)
G|2nd Construction Stage Load (CS)
*
e
< b4
Close

Figure 19 Define static load cases
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ADVANCED APPLICATIONS

§® Generated Load
Group can be
confirmed by using
Group Tab, Tree
Menu.

24

Define load group for each load condition.

@ Group

Model / Group / Structure Group / Define Load Group
Name ( Self) ﬂl
Name ( PS-PierTable) ; Suffix (1to2) ﬂl
Name (PS-P1Seg) ; Suffix (1to12) _ &4 |
Name (PS-P2Seg ) ; Suffix (1tol12) _Add |
Name ( PS-KeySeg ) ; Suffix (1to3) ﬂl
Name ( FT-PierTable) ; Suffix (1to2) ﬁl
Name (FT-P1Seg) : Suffix(1toll) _2dd |
Name (FT-P2Seg) : Suffix (1toll) L 28 |
Name (FT-KeySeg ) ; Suffix (1to3) &l
Name (WC-P1Seg ) ; Suffix (1tol12) _ bdd |
Name (WC-P2Seg) : Suffix (1to12) L &dd |
Name (WC-KeySeg) : Suffix (1to3) 248 |
Name ( TimeLoad ) ﬂl
Name (2nd ) &l

3% Civil 2006-LAN - [C:\Civil 700 Tutorials\FCM General\FCM General *] - [Model View]

103 fle Edt Mew Model load fnalysis Resubs Design Mgde Query Tools Wndow Hep _a
i/ Freque... | GridfSnap | UCS{GCS | View Co..| Activation| | wizard | Node  Element | Froperty | BC/Mass | Stage | Load | Moving | Settlement | Result | Influence Lines/Surfaces | Query

AR f ST 1= VLN ESGELAF DR AP TP J

b= N €D 1B - =

DEE -2 anfak IR AE06 BY 558 ¢ L. [ 8] 8

Tree Menu 8 XN 5, Model View | -
Menu | Tables | Group | Works

5% Group =

+ B Stuctue Group 33

i a3
b Load Group: 86

g WC-KeySe
4 PSFierTablel Name : yaeg
tE: EE::‘EZ Suffiz Tto3

e { Example 1356 710 20by 2)

4 PSFiSegd _—
4 PSPISegs elf a

4o PSP1Segh P3-PierTable]

4o PSPISeg7 PS-PierTable2

Modif
% PSP1Seqd Modiry

Add
_ Modty |
4 PSPISegd Sg% Delete |
Deleto v |

Define Load Group

e
B kdSw @A %

4o PSP1Segin
4o PSPISeglt egd Delete Inv
4o PSPI5egl2
4 PSP25eql
% PSF25eq2
4 PSFSeqd -
fo PSP2Segd
1 PSP25eds
4 PSP2Sedh
% PSP2Seg?
4 PSF25egs
4 PSF25egd
4o PSP2Segln
4o PSP25eqll
4 PSP25eql2
% PSKeySeal
4 PSKeySeg?
4o PSKeySend
4o FTPierTablet
4o FTPierTable2 (Y
% FTP1Seal
4o FTPISeq2 Messags Window nx
4 FT-P1Seq3
4o FT-P1Segd
4 FTP1Seg5
4 FTP1Seds
% FTP1Seq?
f” :::ifi - [\ Command Message b Analysis Message Jlel_|

For Help, press F1 Mode-1 U:0,0,0 Gio,0,0 n ~llm = <

]
AL LA
MO oo oUoUoT

335 x| Llose |

E
:
t
¥

+® 40

[Fenc] (1M =i T =

Figure 20 Defined Load Group



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

Define and Arrange Construction Stages

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
“frar':e tisgit:ng t;rid;hee finally the center span key segment. There are no changes in boundary condit{i;)ns
there are FCM b,idges' during construction in this example, since the bridge is a frame-type FCM bridge.
with internal hinges and

a continuous girder type
FCM Bridge.

FORM TRAVELLER — P Stage 1 Construction of pier table and form traveler setting

Stage 14 construction of key segment one

PAENN

i i i i

I

N

o i

Figure 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
when the concrete is poured for the next segment (see Fig. 22).
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ADVANCED APPLICATIONS

First day of construction stage N Additional step of construction stage N (7th day)

o | Form traveler load e Self-weight of wet concrete :

> Age
12 days

Figure 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.

7

KEY-SEGMENT

KEY-SEGMENT

SEGM
KEY-SEGNENT FSM PAR

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

F— FSMPART

SEG (12DAY/SEG] SEG (12DAY/SEG]

F/TSETTING

3 | [ "FooTiNG
[ [

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

Construction Stage function. Using this function, the time duration for age difference
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 simultaneously from 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
KeySeg?2.

5. Define next stage and activate KeySeg2.

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

>

Time load 60 days

Figure 24 Consideration of age difference using Time Load for Construction Stage Analysis
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ADVANCED APPLICATIONS

28

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.

. Construction stage 1

— Activate Structure Group for the pier and pier table

— Activate Boundary Group (BC_Pier) for the pier and pier table
— 1% day: Activate prestress, form traveler load and self-weight
- 7" day: Activate self-weight of wet concrete (segment 1)

. Construction stage 2

— Activate segment 1

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

- 7" day: Activate self-weight of the wet concrete (segment 2)

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

. Construction stage 13

— Activate segment 12

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

- 20" day: Activate self-weight of the 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

— Last day: 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-weight of 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




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

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
segment is 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 / Construction Stage Analysis Data / F& Define Construction Stage
__ Generate |
Name (CS) ; Suffix(1to12) ; Duration (12)
Additional Steps>Day (7)) ﬁl
Save Result>Stage (on) ; Additional Steps (on) J

Name (CS13) ; Suffix() ; Duration (30)
Additional Steps>_% | - pay(20) _&dd |

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

Name (CS15) ; Suffix() ; Duration (30)
Additional Steps>Day (20) 284 |

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

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

Construction Stage Duration 10000 = day(s)
Duration | Date [ & TR Addtional Steps

3] iz 12 l Stage, - Add | Delete

£se 12 2 1 Stage, Insert Bre ay T

€33 12 Eq 1 Stage, e Example: 1,3 7, 14 ) _Hodls | Llear

€54 12 ] 1 Stage,

35 12 60 1 Stage, ‘ [Step  [Day |

CS6 12 72 1 Stage, ) Autn Generation

£37 12 8 1 Stage, s

38 12 96 1 Stage, Hodify/show Step Numb ;lﬁ

ésy 12 e i Stage. e Humber :]0

S 120 1 Stage, Delate

s 132 1 Stage, Generate Steps

g3 12 134 1 Stage,

813 an 174 1 Tan:lll

< L2 Close | Save Aesult

[ ¥ Stage [v Additional Steps ‘

QK Cancel Apply
Figure 25 Defining Construction Stage
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€& Define the construction
stage assuming 100 days
for the initial age of the pier
and 15 days for the pier
table.

30

Construction Stage Arrangement

Define the construction stage CS1 with reference to the construction stages
summarized earlier. @

Load / Construction Stage Analysis Data / Fi Define Construction Stage
Name>Cs1 _badify/Show |
Name (CS1) ; Duration (12)
Element tab
Group List>Pierl, Pier2 ; Activation>Age ( 100 ) ﬂl
Group List>PierTablel, PierTable2
Activation>Age (15) ﬁl
Boundary tab
Group List>BC_Pier
Activation>Spring/Support Position>Original (on) ﬁl
Load tab
Group List>Self, PS-PierTablel, PS-PierTable2
FT-PierTablel, FT-PierTable2
Activation>Active Day>First ﬂl
Group List>WC-P1Seg1, WC-P2Seg1
Activation> Active Day>7 ﬂl |

E\Emannad |
Group List .. | - Activatl Deactivati
additional St (& orignal Deformed
Name 5] Day ¢ [T Add | Delete | Group L8 Group List
Durslen [ = ¢ Examplei 13,7, 14 ) Modfy | Clear | o T —
= davts)
Original
Ao Generation T 7
Save Result
¥ Sage v Additonal Steps Step Number ([T =
Generate Steps
Current Stage Information, |
”“”ﬂanL”aﬂ | #dd_| Modiy | Delete #dd Delete
Group List .. | [~Activatl Deacivalh
& = Element Force
o9 #ge ¢ 0 dayls) | | Redistibuion : [0 = % E'Emg”‘lﬁ”“””a
Gro Graup List GroupList - | P
TSl =
N Fedist 5 < ) a
Ame [E I § gg Coctive eyt [T =[306e) | [Inactive Day ¢ [First =] dayds)
5136
B i3e. Groypdd Group List
Table? I ame I Hame [Da T
hige. Self First
51 PS-PierTab... First
hiesald PS-PierTab,.. First
bigeal] FT-PlerTabl . Firet
Thrie FT-PierTahl... First
e add | Modity [ Delete Add | Modity | Delete C,ms; +
“hose.
ok | canest | ooy | B e | Mosiy | el 2dd | Modity | Delets

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

mand or Data (*STAGE) __Insert Data |

Com
+MCT Command Shell
@l E| Command or DatalC i*STAGE ) ~| Inzern Command(l Ingert Data ﬂ Delete Data
N — —
*AT, : Define Construction Stage -
AME-WAME, DURATICNMN, hLIAVEITAGE, hLIAVESTEP : line 1
D%Y¥1, DAYZ, ... : line 2
OUE1, AGE1l, GROTPZ, AGEZ, ... ; line 3
QOUF1l, REDIST1, GROUFZ, REDISTZ, ... ; line 4
ROUP1, POS1, BGROUPZ, POSZ, ... : line &
ROUF1, EBGROUFPEZ, ... ; line o
GROUP1, DAY1, LGROUPZ, DAYZ, ... ; line 7
LOADFLGROUPL, DAY1, LGROUPZ, DAYZ, ... : line 8
=C51, 12, YES, YES
STEP=7 =
4« | »
(ﬁunj) Clear | Goto Line & | Close
4

As shown in

Figure 27 MCT Command Shell

Fig. 27, the construction stage information is divided into eight

commands, and each command is as follows:

NAME
STEP

AELEM
DELEM
ABNDR :
DBNDR :
ALOAD :
DLOAD :

: construction stage name, flag for saving output

: time step

: activate structure group and its initial age

: deactivated structure group and redistribution factor for section forces

activated boundary group and location
deactivated boundary group
activated load group and time step

deactivated load group and time step
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According to the above procedure, the information for construction stage 2 can be
input as follows:

*STAGE

NAME=CS2, 12, YES, NO

STEP=7

AELEM=P1Seg1, 5, P2Seg1, 5

ALOAD=FT-P1Segl, FIRST, FT-P2Seg1l, FIRST, PS-P1Segl, FIRST
PS-P2Segl, FIRST, WC-P1Seg2, 7, WC-P2Seg2, 7

DLOAD=WC-P1Seqgl, FIRST, WC-P2Segl, FIRST
FT-PierTablel, FIRST, FT-PierTable2, FIRST

Click Run (&I ) after input.

The construction stages can thus be easily defined 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. Input construction stage load as following sequences.

Self-weight of structure
Form traveler

Wet concrete
Prestress

Time load

S T A

Superimposed load

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

Load / Self Weight
Load Case Name>Self
Load Group Name>Self
Self Weight Factor>z (-1) _&dd_|

33



ADVANCED APPLICATIONS

34

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

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

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

Q Select Single ( Node : 63)
Load Case Name>FT ; Load Group Name>FT-PierTable2
Options>Add ; FZ(-800), MY (2000)
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& 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.

The form traveler load is defined according to the construction stages using the same
procedure given in stage CS1. @

€51 Civil 2006-LAN - [C:\Civil 700 Tutorials\FCM General\FCM General] - [Model View]

BN

iy Fle Edt Wew Model load Mnabysis Resbs Desn Mode OQuery Tools Mindow el &

| GridjSnap | UCSIGES | Ve Co...| Activation| i 3
Eg>trgrd. X
DEE R Sh)ste

BC/Mass  Stage ‘ Load | Moving | Settlement | Result | Influence LinesiSurfaces | Query
B ik T e |
HE chm e By HE A6 7 - &

Tree Menu 2% [4 775 Model view | )
Node | Elewent | Boundary | Mazs | Load | i’
riodal Loads | C
=)
Load Case Name
P - g
= =1 @
Load Group Name: (=] o
FT-PierTatlo = % &
Options g, B
@ add (" Replace (" Delete o
o Node 63 |%.
tiodal Loads o =4 =
= % 2
FZ % 2 -
+ Node 71 W
M2y o FY ngg &
2 - Node 29
b oy
X s 2
Node 21 .
[ K S|
Fv kM 3
Fz |-800 K
ug [0 Kim -
My |0 khirm -
wz | 2000 fen IS
ascly sz '
jes
&
&
e
Message Window 8 x
ATAT3 DT\ CommandWessags ) Analysis Message »

| K|
Norel | L4148, 23424,0  G: L8, 230240 [kN v|[m | 2| 5| 2llnen < [0 2 =

For Help, press Fi

Figure 28 Form Traveler Load Input
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Input the self-weight of wet concrete after the form traveler load. The self-weight of
& Byusingthe Billof et concrete is calculated from the Bill of Material function. Before calculating the
Material function, the
length, surface area
and weight of each ~ composed of Tapered Section Group to Tapered Type section. By transforming the
member can be
easily calculated. A
detailed explanation
; 1]
can be found in Tools Stage>Base
> Bill of Material in
the on-line manual.

weights of each element using the Bill of Material function, transform each section

section, sections 101-112 are generated as shown in Fig. 29.

Model / Properties / ® Tapered Section Group

Convert to Tapered Sectinn...l

@ Name>1stspan
The sections in . [
Tapered Section New Start Section Number (101) ~
Group should be ) T )
transformed to Model / Properties / J Section

Tapered Type section
because the weight

103 fle Edt Yew Model Load fnaysic Resubs Design Mode Query ook Window Help
of each Tapered 3 Fregue.. [Grelfnep | UCSJacs | Wiew Co... Adtvaton| |1 Wizard | Node | Elenert Property [ Bc/tess | Stag: ]
Section Group is | g sy rsp0 ooy AT BT M Secton | Thickness |
calculated instead of e s A LAC @] ANz AR D[ Mame [ Tope [ Shape | Add...
Tree Menu 8% 47 G Model View | 1 Pler User S . P
each element. Nods | Element | Boundary | Mass | Load 2 Span PSC 1CEL Modify. .. "%
Eloment Nurber :  [107 j & 3 Support PSC ICEL -
Ems il 4 Span-Support Tapered 1CEL Delste B
- Suppon-Span Tapered 1CEL C
9 The mode should i 101 \gpan-Support! Tapered 1CEL &I |
Dist. 102 ¥pan-Support2 Tapered 1CEL | " )
be changed to Base Groupy 103 Shan-Support Tapered 1CEL _ lmport_ | @
g B e ||
M S an-support aperes o S
Od.e . becaL'lse sym“_p’;.., 105 Sfan-Suppatts Tapered 1CEL s
section  information 107 Sggan-Support? Tapered 1CEL "
e, mi e @ ;
e oup Narne: an-Support apere: “
Cin be modified Only Element List HEI anfguppurtw PDEFES }EEII: =
when in B t . pan-Support apere: E
© ase Stage 112 fSpan-5upporti2 Taperad 1CEL @
Section Shape Yariation ﬁ
9 Input  the  new @ Unear  Poynomial  [20 =]
starting number for SR LD
. From ¢ & s Close
generated sections. e [ c
y-Ais =
@ Unear  Polnomial [0 = -
Symmetric Plane: -
From o) [ '
oitance: [0 @ +
&
Mame: Element List -I—-
&

¢ Ed
Message Window

Gperations

add_|_oii Delete

Corwert £o Tapered Sect

Close.
v [\ Command Vessage ) Analysis Message L o
For Help, press F1 Mone! U 160,43, 251,93,0 | @ 160.43, -251.33,0 [kN ~|m =] 2| 2l 2llfrone~] 21 iz =

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

Dpel
type?

type3
COPYRIGHT (C) 1983-2003, WIDAS Information Teg by Material
ALL RIGHTS RESERVED

0018

0018

0020

0021

0022 BILL OF MATER|AL Output Opti

Sggi e v Insert form feed symbol at each output end

o025 % | . I

oooo BEAM & TRUSS BOM TYPEL SECT I0LSECT MAME, MATERIAL il e | | A T _browse |
0027

e Cancel
0030 SECT SECTION MAME MATER | AL DEMSITY LENGTH T T

0031 10 ] HAHE INMER OUTER

0032 = —mmmmmmmmmmmm o o

0033 1 Pier 1 Grade C4000 2 386e+001 1.600e+002 0.000e+000 3.166e+003 5.4597e+004

0034 2 Span 2 Grade C000 2,356e-001 6,300e+001 9.88de+002 1.9012+003 1.263e+004

0035 3 Support 2 Grade CHOO0  2,356e+001 1.200e+001 2,773e+002 4,002e+002 4,572e+003

0030 4 Jpan-Suppart 2 Grade CHOO0  2,356e+001 §,453e+00]1 1.17de+003 2,13de+003 1.085e+004

0037 o SEERI—ZoCn ARl e r o 4

0033 101 Span-Support | 2 Grade CHOO0  2,356e+001 4, 750e+000 7.405e+001 1.435e+002 3,70 e+002

0039 102 Span-Supports 2 Grade CHOO0  2,356e+001 4, 750e+000 7.510e+001 1.4d0e+002 3, G2Re+002

0040 103 Span-Support 2 Grade CHOO0  2,356e+001 4.791e+000 7.017e+001 1.402e+002 1,000e+003

0041 104 Span-Supportd 2 Grade CHOO0  2,356e+001 4.791e+000 7.705e+001 1.4702+002 1,0d5e+003

0042 108 Span-Supporth 2 Grade CHOO0  2,356e+001 4,753e+000 7.972e+001 1.434e+002 1,08]e+003

0043 106 Span-Supporth 2 Grade CHOO0  2,356e+001 4. 794e+000 8, 220e+001 1,623e+002 1,151e+003

0044 107 Span-Support? 2 Grade CHO00  2,356e+00] 4, 750e+000 8.531e+001 1.6032+002 1,22de+003

0045 108 Span-sSupportd 2 Grade C5000 2.356e+001 4.758e+000 8.888e+001 1.600e+002 1.309e+003

0046 109 Span-3upports 2 Grade C5000 2.356e+001 4.761e+000 9.296e+001 1.648e+002 1.406e+003

0047, 110 Span-Support 10 2 Grade C5000 2.356e+001 4.764e+000 9.756e+001 1.702e+002 1.515e+003

0048 111 Span-Support11 2 Grade C5000 2.356e+001 4.768e+000 1.027e+002 1.762e+002 1.637e+003

0048 112 Span-Support 12 2 Grade C5000 2.356e+001 4.019e+000 9.082e+001 1.534e+002 1.452e+003

0050

0051 SUMMATION 4.549e+002 5.810e+003 1.380e+004 1.382e+005

0052

0053

0054

ooss  ® =
T — o
Ready Ln 19/55, Col b2 UM v

Figure 30 Bill of Material
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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. ¢

€@ Input the self-
weight of the wet
concrete using the Stage>CS1
MCT Command
Shell. The MCT Load / Nodal

command for nodal
load is ““CONLOAD”.

Loads

ﬂ Select Single (Node : 21)
Load Case Name>WC ;
Options>Add

Load Group Name>WC-P1Segl
FZ (-1744.0), MY (-1744.0 *2.5)

ﬂ Select Single ( Node : 29)

Load Case Name>WC ;
Options>Add

Load Group Name>WC-P1Segl
FZ (-1744.0), MY (1744.0 *2.5)

ﬂ Select Single (Node : 71)

Load Case Name>WC ;
Options>Add

Load Group Name>WC-P2Segl
FZ (-1744.0), MY (-1744.0 *2.5)

ﬂ Select Single ( Node : 63)

Load Case Name>WC ;
Options>Add ;

€L Civil 2006

Load Group Name>WC-P2Segl
FZ (-1744.0), MY (1744.0 *2.5)

EEX

e
%5y Fle Edt Vew Model load Anslysis Resuks Desion Mode Query Tools Window Help

| Freque... | Gridisnap | UCS/GES | View Co.. | Activation

I sg v rgmO

i Mrizard | Hode | Element | Property | BC/Mass | Stage [ Load | Moving | Settlement | Result | Influence Lines/Surfaces | Querys
P > a
A = S Pl B2 | R | R e

-8

DB 2 - 2RhiBE(RHE tnD e BY DE A6 § A i 20
Tras Menu X 4 G Model view | 4
! "Node | Element | Boundary | Mass | Load |
o
Modal Loads =] . g 3
bt b=
< ' C!
Load Case Name
Self A - o g - —
3 = g -
Load Group Mame o ; Node 63 L
WC-P1Seql - . .
Optians -ﬂ:yﬁag Node 71 435% ¥
& add ¢ Replace ¢ Delete
Node 29 -
Hodal Loads Node 21 4
S o
Z ‘a =
MZ$ 8
MY o FY
P . B
ky wMX [
X i |
B
Fe |9 [21] B
Fy |0 ki S
Fz [1744.0 ™ E
e =
[ ki -
ke
my [0 kh'm Message Windaw n x| —
wz [1740%25 ym &
Apply Close ﬁ
QF
1! >
Tree Menu | Task Pane [\ Command Message £ Analysis Message 1K | L
For Help, press F1 Frame-2{ U: 92, 0, 0 G192, 0,0 KN =|im - ‘IH ‘ | rone w| | "_:lﬂ 2 =
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¢ 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
Analysis of Civil
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/ Prestress Loads / Tendon Property

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

or .=

Tendon Area>15.2mm(0.6 ")

Number of Tendon Area (19)
Duct Diameter (0.103) ; Relaxation Coefficient (45)9
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 ")

Number of Tendon Area (19)
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) J
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nidon Pro

~Tendon Type

Tendon Property

Tendon Mame
Tendon Type

Material

Tatal Tendon Area

g |3: Tendon 'I _|

TOP

Internal(Post-Tension) -

s e (e

MName [ Type ’
TOP Internal
BOTTOM Internal

) Close

Duct Diameter W -
Relaxation Coefficient 45 |
Curvature Frictlon Factor @ 02
‘Wihhle Friction Factor [oor 1/m
Ultimate Strength O T KNz
‘ield Strength : IW kMN/mz
&nchorage Slip(Draw in) Bond Type
Eegin ¢ IW m + Bonded
End IW m ¢ |nbanded

0K I Cancel | Apply |

Delete

Tendon Area

Strand Diameter

: IWS.me(U‘E”) 52

Mumber of Strands B I E] =

Cancel

Figure 32 Input Tendon Properties
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6@175=1.050 100 450 100 5@175=875 | 2.215

o
OT

140150

| 450 || 4@175=70d 2.340
60 ;

Figure 34 Tendon Arrangements for the Side Span

6@175=1.060 100 450 100 5@175=875 | 2.215

450

140150

N . SR

| 450 || 6@175=1.050] 1.990 J

Figure 35 Tendon Arrangements for the Center Span
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ADVANCED APPLICATIONS

§¢ The base point for
the tendon profile 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 if FIX is checked
on. Otherwise a curve
with a calculated slope is
generated.

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

@ Group
Group>Structure Group>PierTablel>Active

Loads / Prestress Loads / Tendon Profile ﬂl

Tendon Name (P1TC1R) ; Tendon Property>TOP
@ Select All or Assigned Elements (21t028)
Input Type > 3D ; Curve Type > Spline
Straight Length of Tendon>Begin (0) ;
Profile
15x(0),y (0),z(-0.3), fix (off) *
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

End (0)

& - [=]%]

10 fle Edt Ven Model Load pnolysis Resuks Design Mode Query Took iindow el -5
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Construction Stage Analysis of Prestressed Concrete Box Bridge (FCM) using General Functions

§ A tendon profile may
be defined more easily
using the MCT
Command Shell. The
MCT command for
tendon profile definition
is ““TDN-PROFILE”".

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

y coordinates.

Name>P1TCIR __ Cooy |
Name>P1TC1R-Copy . Modiy |

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

A rendonmame

Tendon Property

Transfer_Length

Assigried Elements ¢ Z1tozs

Add

Modify =
Change Property...
Delete

Input Type Straight Length of Tendon

o 2b & 3D Bt '07 m

& Esm: " Round End: |0 m
™ Typical Tendon [ E—=]

& Copy  Move

Prefix :

B RS @IIA S

=<4 ¢t 0

£ R

User defredLength =] Begn: [0 End: [0 m Suffis :
Distance : m
Profile
cference dxis 0.00
¥ o.eve0n T Copy / Move
-0.20202
“1.z0192 Thoee
= o.ea00m
0201928
-1.z0192
o 25
sy [ vy | 2y [ o] Ryle | Reea | A
1| 00000| 00000 03000 000 0.0
2| 20000 0.0000 01500 F 000 0.0
3120000 pooDO -mis00 P ooo  ooo
" a|140000 0.0000 03000 000 0.00
-5l r
v
Point of Sym.: First & Lz Miake Symmetric Tendon
Profie Tnsertion Point : ‘ n
x foxis Direction RN Vector
 fois Rt Angle : 0 =l[deg) ¥ Projection
Grad, Ret, Angle v o 5:' [deq]
Message Window
[\ Commend Wessage ), Analysis Message i
For Help, press F1 G 83.57, -3.05,0 W Alm < ] el Tl =i 2 =

Figure 37 Copy the Tendon Profile

Define each of the tendon profiles using the same procedure. @
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After defining all tendon profiles, apply the prestress to each construction stage using
the defined tendon profile.

Stage>CS1
Load / Prestress Loads / Tendon Prestress Loads

§  Select “Both” in “1st
Jacking” when both the
ends are stressed.

€ Input the construction
stage in which the
tendon is grouted. The
stress is calculated for
net section before the
grouting stage and for
composite section after
grouting. The tendon is
grouted after jacking
when ‘1’ is selected in
“Grouting”.
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Load Case Name>PS ; Load Group Name>PS-PierTablel
Tendon>P1TCI1L, P1TC1R ﬂ Selected Tendons
Stress Value>Stress ; 1st Jacking>Begin @
Begin (1330000) ; End(0)
Grouting : after (1 )“ ﬂl

Load Case Name>PS ; Load Group Name>PS-PierTablel
Selected Tendons>P1TC1L, P1TC1R ﬂ Tendon
Tendon>P1TC2L, P1ITC2R ﬂ Selected Tendons
Stress Value>Stress ; 1st Jacking>Begin

Begin (1330000) ; End(0)

Grouting : after (1) ﬂl

Load Case Name>PS ; Load Group Name>PS-PierTable2
Selected Tendons>P1TC2L, PITC2R ﬂ Tendon
Tendon>P2TC1L, P2TC1R ﬂ Selected Tendons
Stress Value>Stress ; 1st Jacking>Begin

Begin (1330000) ; End(0)
Grouting : after (1) ﬁl
Load Case Name>PS ; Load Group Name>PS-PierTable2
Selected Tendons>P2TC1L, P2TC1R ﬂ Tendon
Tendon>P2TC2L, P2TC2R ﬂ Selected Tendons
Stress Value>Stress ; 1st Jacking>Begin

Begin (1330000) ; End (0)

Grouting : after (1) ﬂl




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

700 Tutorials\FCM

%3 Ble Edt View Model Load dnslysis Resubs Design Mode Query ook Window Help -8
Freque... ‘Gnd/inap UCSIGES | Wiew Co...| Activation erty | BCjMass  Stage | Load  Moving | Settlement | Result | Influence Lines/Surfaces | Query

g RO A N e |

H = S N ARA Ay =
DM x| 2 |SRiaE LHEEAAD G BEY 568§ 2

Tres Menu 2X 4G Model View | b
Node | Element | Boundary | Hass | Load |

Tendon Prostress Loads |

Load Case Name

Ps S
Load Graup Name R
PS-PierTatle2 -

Select Tendon for Loading

FITCZR e

B kdSw @A %

@ Stress  Force

ot RS
Begn ¢ [1330000 oy
End |0 Knfm?
Grouting: aftsr |0 == Stags
Tendan ~

PLTCAL  Stress
PETCIR  Stress
PETCAL  Stress
R Stress

Close

el 4|0

e

Messags Window 2 x

[\_CommendMessage ) Analysis Message el | . i
For Help, press F1 Monel | U:48.8, 251.32,0  Grass, 25132,0 kN <|lm <] @i plfnonew] 2 iz =

Figure 38 Prestress Load

§  The prestress may Apply prestress at each construction stage using the same procedure. @
be defined more
easily using the MCT
Command Shell. The
MCT command for
prestress is “*TDN-
PRESTRESS".
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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 at CS14, change stage to CS14 and then input the time period.

Stage>CS14

Load / Time Loads for Construction Stage
Select Window (Fig.39, D)
Load Group Name>TimelLoad
Options>Add
Time Loads (60)
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Figure 39 Input Time Load

Perform Structural Analysis

We will now perform structural analysis.

Analysis / % Perform Analysis

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