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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

Y
| Set the form traveler on the pier table |

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

A

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

v
| Move Form traveler to next segment |—

A 4

| Side span construction (FSM) li

v
| Key segment construction |

\ 4
| Set bearings, then jacking bottom tendon |

Y
| Pave structure |

| Fini;'hing |

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 NX

comprises an activate/deactivate concept of Structure Groups, Boundary Groups and

Load Groups. The sequence of construction stage analysis for FCM is as follows:

—_
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-
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Define material and section
Structure modeling

Define Structure Group
Define Boundary Group
Define Load Group

Input Load

Arrange tendons

Prestress tendons

Define time dependent material property

. Perform structural analysis

. 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 (. 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 per the convenience of the user.

&2 > B New Project
&3 > B save (FCM General)

Tools Tab / Unit System @
Length>m ; Force>kN

Unit System X

Length Force (Mass) Heat

Oom N (kg) cal
cm OKN (ton) kcal
mm kgf (kg) oJ
ft tonf (ton) kJ
in Ibf (Ib) Btu

kips (kips/g)
Temperature
© Celsius Fahrenheit
Note : Selected units are displayed in relevant

dialog boxes. Values are NOT changed with
units.

Set/Change Default Unit System

OK || Cancel ] Apply

4

Unit system settings



ADVANCED APPLICATIONS

Define Section and Material Properties

Define material properties for the girder, pier and tendons.

Properties Tab/ Material Properties

Type>Concrete ; Standard>ASTM (RC)
DB>Grade C5000 .1

Type>Concrete ; Standard>ASTM (RC)
DB>Grade C4000 .1

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

Materisl _ Section  Thickness

Geners
0 Hame twe  suncea 0o | (RSN MaternD |3 Name |Tendon
} Giade 5000 Concrete  ASTMIRC)  Grod) (VRTINS
2 Grade G000 Concrete ASTM{RC) Grad| Elasticity Data
3fedon  Usersel [ Do | User Defined
Type of Detign | User Deflned  ~
Standard | None -
o8 v
Renumber
er Cohorels
Defined Stadard ~
Type of Material Goge ¥
O Isotropic Onhetropic o8 v
User Defined
Modulus of Elasticity 2e8 | kNim*
S Putsson's Ratio o
Thermnal Coelficient o Vgl
Weight Density 785 kNS
Use Mass Density 0 kNimYg
& Concrele
Madulus of Elasticity 0,000+ 00 KNJm?
Poisson's Ratio
Thermal Coetficient e 00 1[C]
Weight Density ) kN/m*
0 kNm*lg
Plastioty Data
Piastic Material Name | NONE -
Inelastic Material Properties for Fiber Model
Cancrete v Stesl +~ N
Canfined Concrete for Columns ~
Thermal Transfer
Specific Hest o Bu/ki-[C]
Heat Canduetion 0 Bu/mhr{C]
Damping Ratio {7
ElE=

Material Definition



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.

Properties Tab / @ Section Properties

Section

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

Materisl _ Section  Thickness
DRfUser
o Name e sepe | RN
b |
[ oo ] Saction 10 |1 Solid Rectangle
Mami . Pier O User Da

Secl Name

Hi18 B:B1

F 1.8 r
B 81 "
Offast Cenler-Canter 8 Consider Shear Deformation

—a'hga Offset Consider Warping Effect{’th DOF
Show Colculation Resuits | Ok Cancel |-

)

Section definition



ADVANCED APPLICATIONS

$¢ The section offset
is defined at the
Center-Top because
the sections are of
variable shapes.

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

Properties Tab / @ Section Properties
F'?o?rfr:fir%gs-
PSC tab

Section ID (2) ;
Section Type>1 Cell

Joint On/Off>J0O1 (on), JI1 (on), JI5 (on)
Web Thick. > Check all boxes marked Auto
Offset>Center-Top ¢

Name (Span)

Outer
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)

a A\
!
1050 1.750 450 1.750  1.350 \
ot L
5 1 ]
3
3.100 - 138
-]
(-]
1.050] 1750 |sd 1.250 | 1.850 : =
2.800 3.550 n B

= =]

Definition of cross section in the center of the span
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Define the section properties of the box girder at the supports.

Properties Tab / Section Properties

PSC tab
Section ID (3) ; Name (Support)
Section Type>1 Cell
Joint On/Off>J0O1 (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) A

1.050  1.750 450 1.750 1.350

O cel e

;\

1.050] 1750 sd 1250 | 1850
2.800 3.550

P —— ok || e |-

Definition of cross section at the supports

¢ To generate a

Tapered Section
Group using Tapered
Type sections,  After completion of section property input, generate section properties for the Tapered

predefine Tapered
Type sections.

Type using Section ID 2 and 3. @

§¢ Each segment is
designed as a linear Properties Tab/ Section

tapered member Tapered tab

because it is difficult i
to fabricate a curved Section ID (4) ; Name (Span-Support)

formwork.  Hence, Section Type>PSC-1 Cell ; Joint On/Off>JO1 (on)
define the section . m
-|>
changes within a S!ZG ! (Span)
tapered segment as Size-J> (Support)
linear, and model y Axis Variation>Linear ; zAxis Variation>Linear *
each segment as one
element.



ADVANCED APPLICATIONS

Offset>Center-Top

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

Section Type>PSC-1 Cell ; Joint On/Off>JO1 (on)
Size-I> -Hﬂ- (Support)

Size-J> (Span)

y Axis Variation>Linear
Offset>Center-Top

; z Axis Variation>Linear

DBE/User Tapered
Section D |4 o PSC-1CELL w
Name | Span-Suppont fil e ser E v
Dimension
L1 N .| L S
Bi1 3.1000 |m
Bi1-1 1.3500|m
BI3 3.1000 {m
Bl3-1 1.8500 |m

Calc. Section Properties
21-Auto
23-Auto
S1-Auto
S2-Auto |
S3-Auto |
T-Auto |
HO1
HO2
oz1 |

y Axis Variation .
Include Optlens{Joint, Type, Shape)
z Axis Variation

Lii P e P £ o +
B Include Options{Shear Check, Minimum Web Thickness)
Cangider Shear Deformatio

Select PSC Section
Consider Werping Effect{’t [-.

Mesh Size for St Caic

Offset: Center-Top

Change Offset .

%

Show Calculation Resulls,.. | oK || Ca
| T |
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T s laperai

Secton D |5 FPEC-1CELL
Mame  Supporl-Spen 1L Ll bgasr Ol e
Dlimenshoe
JO1 ]
"—-ﬁ Joz O
— L a
JI2 [
13 Il
Jid [
JI5 -]
5zo T

Calc Section Properies
Z1-Auto .
Z3-fuito
S1-Auto
52-Aulo
53-Auto

¥ dhaos Wamalion Linear
£ dxin Virintian Lineat
B Consider Shebr Deformation

Cansider Warping Effectfth DOE)

Mesh St Tor St Calc m

Oifzat - Cantid.Tog

{ [esplay Catitroid
Change Offsel ..

Shiow Cargulation Mesulls. Ok |

Tapered Section composition



ADVANCED APPLICATIONS

Structural Modeling

10

Model FCM Bridge using general functions of MIDAS CIVIL NX.

To perform construction stage analysis, construction stages must first be defined. In
MIDAS CIVIL NX, 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:

1. Prestressed concrete box girder modeling
Pier modeling

Define Time Dependent Material Property
Assign Structure Group

Assign Boundary Group and input boundary condition

o o & 0N

Assign Load group




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

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

iOOO 4@ 4.250 = 17.000 _2.000 12 @ 4.750 = 57.000 4.000 00[1
> O &)
Key Seg 1
IS = ' N Segment 1 -l
4 1 t
130.000
65.000 65.000
000 4.00Q 12 @ 4.750 = 57.000 1.000 12 @ 4.750 = 57.000 4.000 3. 00(
I{r
r Table
2 ¢/
Key' Seg 2 — e %//” 7
fiza
M Segment 2 _‘ L Segment 2 _‘
100 41t
85.000
lS.OOQél 00Q 12 @ 4.750 = 57.000 2.000 4@ 4.250 = 17.000 2.0(*)
T o e o — T
Key Seg 3
L Segment 1 _‘ — FSM4~I
4.1q0
Segment Division

11



ADVANCED APPLICATIONS

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),
View Tab >Snap>- Point Grid Snap (off)- Line Grid Snap (off),
IB] Node Snap (on), B ciement Snap (on)
Node/Element Tab > . Create Nodes
Coordinate (x,y,2)(0,0,0) 4
Node/Element Tab > Extrude Elements
B serectan
Extrude Type>Node - Line Element
Element Type>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)

S - A C——

PP Dy sz FHERTL Wi

Generation of left half of bridge using beam elements

12



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

Copy the generated elements symmetrically for the right half of the bridge using the
Mirror Element function (.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 / . Mirror Elements
. Select all
Mode>Copy ; Reflection>y-z plane x: (150) .
Reverse Element Local (on) A

Node 42

=
#F

Copy the beam elements symmetrically for right half

13



ADVANCED APPLICATIONS

14

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 )
Works>Properties>Section>3: Support Drag&Drop
(%] Select Identity-Elements (10 to 21,69t0 80) J

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

B select Identity-Elements ( 28 to 39, 51 to 62) .
Works>Properties>Section>5: Support-Span Drag&Drop

\ e

L T = TR T i R i O S |

Change the cross-sections of the variable cross-section segments and the main

girder’s end



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

§® 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.

Assign beam elements in tapered members to variable section group by the Tapered
Section Group function ( Tapered Section Group). @

Properties Tab / Tapered Section Group Eﬁm

Tapered

Group

& Iso View, Hidden (on)
Group Name (1stspan) ; Element List (10 to 21)
Section Shape Variation>z-Axis>Polynomial ( 2.0) @
Symmetric Plane>From>i ; Distance (0) ¢ N
Group Name (2ndspan1) ; Element List (28 to 39)
Section Shape Variation>z-Axis>Polynomial ( 2.0)
Symmetric Plane>From>j ; Distance (0)
Group Name (2ndspan2) ; Element List ( 69 to 80 )
Section Shape Variation>z-Axis>Polynomial ( 2.0)
Symmetric Plane>From>i ; Distance (0)
Group Name (3rdspan) ; Element List (51 to 62)
Section Shape Variation>z-Axis>Polynomial ( 2.0)
Symmetric Plane>From>j ; Distance (0)
Select all the 4 Group Names
Click
New Start Section Number>1
Use New Section Name Suffix>(on)
Start Suffix Number>1 J
Click == |

o thement Busey v o

i

Specify a tapered section group

15



ADVANCED APPLICATIONS

€ 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.

16

Pier Modeling

After copying the nodes of the prestessed concrete box girder, model the pier using the
Extrude Elements). To model the 40 m high pier,
divide the pier length into six equal length elements.

Extrude Element function

Hidden (off), B Front View
Node/Element Tab/ Translate Nodes
B select Identity-Nodes ( 23, 27, 65,69 )
Mode>Copy ; Translation>Equal Distance
dx, dy,dz (0,0, -7) @ ; Number of Times (1) 4
Model / Elements / Extrude Elements
B Select Recent Entities
Extrude Type>Node — Line Element
Material>2: Grade C4000
Generation Type>Translate
Translation>Equal Distance
dx, dy,dz (0,0, -40/6 ) ;

Element Type>Beam ;
Section>1: Pier ;

Number of Times (6) A

Copy nodes

Create piers
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€& Increase the age of some
elements by Time Load
using the Construction
Stage function. A detailed
explanation can be found in
“Time Dependent Analysis -
Define and Composition of
Construction Stages in the
“Analysis of Civil Structures”
manual.

Assign Structure Group

Figure below 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.

It will be assumed that both piers are constructed at the same time and both cantilevers
are constructed through the same stages before the key segment construction. And just
before the key segment construction, the age of one cantilever will be increased. ¥
Define the elements constructed at the same time as each group by defining Structure
Group because the generation and deletion of elements will be defined using the
activation and deactivation command in Construction Stage function.

g i S e i it i i A R N

KEY-SEGNENT

KEY-SEGMENT

KEY-SEGVENT

FSM PART

SEG (120AY/SEG) SEG (120AY/SEG)

f— FsmPaaT

SEG (12DAV/SEG) "SEG (12DAV/SEG)

PIER

PIER

| [ -FootnG

[ I

[ T FoomnG

Construction sequence

17
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ADVANCED APPLICATIONS

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

€8 Generated Structure
Group can be confirmed
using the Group Tab and
Tree Menu.

18

Generate Structure Group

Tree Menu > Group Tab

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

Name ( Pier) ; Suf‘fix(1t02)9

Name ( PierTable) ; Suffix (1to2)
Name (P1Seg) ; Suffix (1to12)
Name ( P2Seg) ; Suffix (1to12)

Name (KeySeg) ; Suffix(1to3) AN

Name (FSM) ; Suffix (1to2)

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

Tree Menu>Group tab

B select Identity-Elements ( 83to103by4 84to104by4 ) .1
Group>Structure Group>Pier1 Drag&Drop

[ Select Identity-Elements ( 85to105by4 86to106by4 ) .
Group>Structure Group>Pier2 Drag&Drop

B select Identity-Elements (21t028 )
Group>Structure Group>PierTable1 Drag&Drop

(%) Select Identity-Elements ( 62to69 ) .1
Group>Structure Group>PierTable2 Drag&Drop

+

wjm .H
®

! = —

Structure Group composition

19
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Assign corresponding beam elements to the other remaining Structure Groups. by
referring to table below.

Element group arrangement

Element Group Element Number Element Group Element Number
P1Seg1 20, 29 P2Seg4 58, 73
P1Seg2 19, 30 P2Seg5 57,74
P1Seg3 18, 31 P2Segb 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 P2Seg11 51, 80
P1Seg9 12,37 P2Seg12 50, 81
P1Seg10 11, 38 KeySeg1 7,8
P1Seg11 10, 39 KeySeg2 41, 82
P1Seg12 9, 40 KeySeg3 48, 49
P2Seg1 61,70 FSM1 1~6
P2Seg2 60, 71 FSM2 42~47
P2Seg3 59, 72

20
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€& Corresponding  groups
can be selected by double-
clicking a particular group in
the Group Tree.

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 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 )

N =

Definition of Boundary Group

21



ADVANCED APPLICATIONS

22

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

Boundary Tab / Define Supports

. 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)

B4 85

LL 1100113 W

L- . j

et W UL IR Wi G |

Enter boundary conditions
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£ Assign multiple
rigid link conditions
simultaneously by
selecting Copy Rigid
Link and inputting the
spacing.

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

Boundary Tab / Elastic Link
Boundary Group Name>BC_Pier
Link Type>Rigid Link
Copy Elastic Link (on)
Axis>x ; Distance (4.2, 125.8, 4.2 )“
2 Nodes ( 84, 23) P

. Zoom Fit

| AN R TE

[ S T E PR G i wito e T o+

Elastic Connection of piers and girders

23



ADVANCED APPLICATIONS

¢ “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
technique on how to
consider time difference
between pier tables by
“Time Loads for
Construction Stage” is
described in  “Define
Construction Stage”.

24

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®

YV V.V V 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 m
Name (PS) ; Type > Construction Stage Load
Name (FT) ; Type > Construction Stage Load m
Name (WC) ; Type > Construction Stage Load
Name (Time) ; Type > Construction Stage Load m
Name (2nd) ; Type > Construction Stage Load m

Description

No Name Type Description
» Construction Stage Load (C

1

2lps Construction Stage Load (C

3|FT C Stage Load (C

4(wc Construction Stage Load (C

5|Time Construction Stage Load (C

6|2nd Construction Stage Load (C
#*

Define load conditions
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¢ Generated Load
Group can be
confirmed by using
Group Tab, Tree
Menu.

Define load group for each load condition.

Group
Group Tab / Right Click on Load Group ( New...)

Name ( Self)
Name ( PS-PierTable) ; Suffix (1to2) MW
Name ( PS-P1Seg ) ; Suffix (1to12)

Name ( PS-P2Seg ) ; Suffix(1to12)

Name ( PS-KeySeg ) ; Suffix (1to3)

Name ( FT-PierTable ) ; Suffix (1to2)

Name ( FT-P1Seg) ; Suffix (1to11)

Name ( FT-P2Seg ) ; Suffix (1to11)

Name ( FT-KeySeg ) ; Suffix (1to3)

Name (WC-P1Seg) ; Suffix (1to12)

Name (WC-P2Seg ) ; Suffix (1to12)

Name (WC-KeySeg ) ; Suffix (1to3)

Name ( TimeLoad )

Name (2nd )

LRIy 1 ATy mann w - ST |

Load Group Definition

25



ADVANCED APPLICATIONS

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 figure below). The construction of
FCM Bridge is completed by constructing each segment, side span key segments and
§ In addifion to the  finally the center span key segment. There are no changes in boundary conditions
frame type FCM Bridge, i . X . . . . 1)
there are FCM bridges  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 — i «p Stage 1 Construction of pier table and form traveler setting g
= ==

Stage 14 construction of key segment one

. A s

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 figure below).

26



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

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

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

Loads at Construction Stage N

When loads are applied to the same structure with different time stages, as shown in
figure below, 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.

R —®

KEY-SEGVENT.

B
KEY-SEGMENT it

KEY-SEGMENT FOM PART

FSM PART

'SEG (12DAY/SEG) ‘SEG (12DAY/SEG)

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

PIER

PIER

[ T FootinG

[ 1

| \‘ FOOTING

Construction Schedule

According to the construction schedule, shown in figure above (Construction
Sequence), segments in Pier 1 and Pier 2 are constructed simultaneously. Figure
above 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 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 KeySeg1 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 KeySeg2.

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

>

n 4
L S

Remove form traveler at Pier 2 <=—o Load self-weight of wet concrete of KeySeg 2
b 4

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 pier table

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

Construction stage 2

— Activate segment 1

— 15t 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
1st day: Deactivate form traveler load and self-weight of wet concrete;
activate form traveler load and prestress
20t day: Activate self-weight of the wet concrete (key segments 1 and 3)

Construction stage 14

— Activate KeySeg 1 and FSM1

— 1%t 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

— 1t 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
— 1stday: 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
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 Tab / Construction Stage option / ) Define C.S.

Generate

Name (CS) ; Suffix(1to12) ; Duration(12)
Additional Steps>Day (7)
Save Result>Stage (on) ; Additional Steps (on) A

Name (CS13) ; Suffix() ; Duration (30)
Additional Steps> : Day(20) Gl J

Name (CS14) ; Suffix() ; Duration(0)
Additional Steps> J

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

Name (CS16) ; Suffix() ; Duration(0)
Additional Steps> J

Name (CS17) ; Suffix() ; Duration (10000 )
Additional Steps> J

_ HEE Comtnicton Sas

Name Duration Dale Step Result “ e
e B =2 R = e |
Cs2 12 24 1 Stage.. s Suifix
Cs3 12 36 1 Stage.. _ b
R % (el Al i
Cs4 12 438 1 Staga, Buration o — dayis)
css 12 80 1 Stage,
Ccsa 12 72 1 Stage, Modiy'Show Additional Steps
csa 12 96 1 Stage .
ceo 12 08 1 Slx‘ [ Example:1,3,7.14 | m
CSI‘I'G- ‘I? 120 1 Stage . Step Day
0 5 = 1 Stane Aulto Generalion
Step Number |0 o
e ]
Save Resull
Slage

.

Definition of overall 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\ mmarized earlier. ¥
for the initial age of the pier

and 15 days for the pier
table. Load / Construction Stage Option /

Name>C$S1
Name (CS1) ; Duration (12)
Element tab
Group List>Pier1, Pier2 ; Activation>Age (100) [N
Group List>PierTable1, PierTable2
Activation>Age (15) m
Boundary tab
Group List>BC_Pier
Activation>Spring/Support Position>Original (on) m
Load tab
Group List>Self, PS-PierTable1, PS-PierTable2
FT-PierTable1, FT-PierTable2
Activation>Active Day>First m
Group List>WC-P1Seg1, WC-P2Seg1
Activation> Active Day>7 m J

Define Construction Stage

Gonsre Stepn

© Asitions Sheps

Cutrent Sage information

Mt

hame Dy

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)

g Command of Data | ~STAGE PN nsert Command i Daia m

“STAGE : Define Construction Scags
: FAME=WAME, DURATION, b3AVESTAGE, bSAVESTEE, bLINCRESTEP, INCRESTEF [ lins |
; STEP=DAY1, DAYZ, ... i lin=
: AELEM=GROUP1, AGEl, GRODEZ, ABEZ, ... ; lin=
: DELEM=GROUP1l, REDIST1, GROUF2, REDIST2, ..: I liae
: ABNDR=BGRODF1l, POS1, BGEROUEZ, POS2, ... & lins
: DENDR=BGROUFP1, BGROTE2, ... ! lin=
i ALOAD=LGROUP1l, BAY1l, LGROUBZ, DAY2, . ; 1lins
: DLOAD=LGROUE1l, DAY1l, LGROUEZ, DAY2, ... : lins=
RAME=CS1, 12, YES, YE3, WO, 5
STED=7

AELFM=Pierl, 100, PierZ, 100, FierTablel, 15, PierTable2, 15
ABKDR=3 Pier, DRIGIKAL

Fun Clear Goto Lina

| Clase
1

o4

MCT Command Shell

As shown in figure above, 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
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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-P1Seg1, FIRST, FT-P2Seg1, FIRST, PS-P1Seg1, FIRST
PS-P2Seg1, FIRST, WC-P1Seg2, 7, WC-P2Seg2, 7

DLOAD=WC-P1Seg1, FIRST, WC-P2Seg1, FIRST
FT-PierTable1, FIRST, FT-PierTable2, FIRST

Click Run ( “ ) after input.

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

34

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.

1. Self-weight of structure
Form traveler

Wet concrete
Prestress

Time load

I T

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)

Teee Menu Tk Pans

Made Eement Houndsy Mass Load

LoaCad X Y I

Enter self-weight
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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

. Select Single ( Node : 21)
Load Case Name>FT ; Load Group Name>FT-PierTable1
Options>Add ; FZ(-800), MY (-2000 )

. Select Single ( Node : 29 )
Load Case Name>FT ; Load Group Name>FT-PierTable1
Options>Add ; FZ(-800), MY (2000)

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

. 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 : : T .
Reference” in the on-

line manual appendix. .

procedure given in stage CS1. @

Enter temporary load
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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 Type 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.

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 figure below.

Stage>Base d

Properties Tab/ Tapered Group
Name>1stspan

New Start Section Number ( 101 )9 |

Properties Tab / Section Properties

o s R S e - <le O |

Tapered group converted to a cross section
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Calculate the self-weight of each segment using the Bill of Material function. In figure

below, 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 type1 (on)

Select BOM outputs

Beam-Truss Element BOM typel

Beam-Truss Element BOM type2
[_]Beam-Truss Element BOM type3
[ BOM by Materal

Output Options
@ Insert form feed symbol at each output end

File Name C\Users\DELL\AppDats LocalTemp\s FCM General_N

[ E MAIDWE Tt Editar - [5 FOM Geresal MY bom]
I Hel

e Edit View Window

[ Pl B Vo Whidow W
CEHSRHE  2E|2 Aa o = =4

ERER
Lo | o |
— (&=

A TESRTES ¥

1 oot

anans

whakanEnAT

AU RA AT A AN AR ARA AR A E AR A RS AR A R AT AR —]

B

- Y MIDKS CIVIL WX V9.4.5 Modelirg, Integraved Design & Analysls Sofoware i
basos . CIVTL STROCTIRE OF YSTRM FOR WIRDOWS "
120004 L R T PR Ry e D T R T S R P E TR PR TR
bonon
fiosos OE WK M XAOOuHE OORERE TG
ba0ar e s S S > SR - S~ T S~
agaa - T T S S S 'S
hovas: R U G R s SR 1 4 G+
et TR 44 KK 4t X 4 S | R
oot - S R O T
jroat2 XX x XXX b g EXX x e a5 4
oot R EX MO KODODOD KK M OOO0OON /Civil
biuats
co0n VERSTON V 5.4.5
hoatn
jrootr COPYRIGHT (C) SINCE 1980, MIDRS Infoemation Tschoolegy Co.,Lltd.
s 1 RTGETS RESERVED.
5618
hoaon N D i L TR AN LR
oot
e
023 EILL OF MATERIAL
0G24
—
hoazs 4
ko027 oeas s TRUST BOM TYPE1 SECT In,SECT HAME, MATERIAL Taic System @ M, m e
(30028
Jr0a2e
lhaasn
oaa) SECTION HAME BATERTAL DENSITY  LERGTH
hosaz 1 Ir
Joo0as e e e e, - P Ty T = i
[ 2 £sc0n 2, 3%8e40l ').‘1'_F.c|\'|: 1501402 1.2608104
2930 3 000 2,3Tém0L 7738402 4.65238402 £.5202402
g (3 CH000 2. 356e+ll AC%e+dl 1. AMmedd B G2EesdZ
: 7 CSO00 2, 3%6e40l 7.5502401  1.4402402  ©.6482402
» CECO0  2.3SEe+0L 7 640cH0l  1.4526407 B.B3Ee40Z
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&

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

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 b%nding 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-P1Seg1
Options>Add ; FZ(-173.0), MY (-173.0*2.5)
. Select Single ( Node : 29 )
Load Case Name>WC ; Load Group Name>WC-P1Seg1
Options>Add ; FZ(-173.0), MY (173.0*2.5)
. Select Single ( Node : 71 )
Load Case Name>WC ; Load Group Name>WC-P2Seg1
Options>Add ; FZ(-173.0), MY (-173.0*2.5)
- Select Single ( Node : 63 )
Load Case Name>WC ; Load Group Name>WC-P2Seg1
Options>Add ; FZ(-173.0), MY (173.0*2.5)

Enter self-weight of wet concrete
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el T R Y e— T —
- —c
o) =,

Enter self-weight of wet concrete
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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 Tab/ (Temp./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) A
Duct Diameter (0.103) ; Relaxation Coefficient (45)“
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) A
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) .
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Tendon Type
Tendon Mams Top
Tendon Type Intemal {Post-Tension v
Materist X Tendon W
Total Tendon Area 0.0026353 m?
Duct Diameter 0103 m \
Relaxation Coefficlent Magura w | |45 v
Uitimate Strength 1863260+ 06 kM/m*
Yleld Strength 1.56806a « 06 kMN/m*
Curvature Friction Faclor 0.2
Wabble Friction Factor 0.00 1
External Cable Moment Magnifier 0 KMN/m?

Anchorage Siip(Draw in) Band Type

Begin 0.0068 m O Bonded

End 0.006 m Unbonded

CK || Cance

Upper Tendon

Tendon Area

Strand Diameler

Murmibet of Strands

ox | o |

Jacking one end
Jacking both end

? Jacking one end

f
e [ ™~
150.000
19.000 2 000 12 @ 4.750 = 57.000 7.000  7.000 12 @ 4.750 = 57.000 1.0
t
FSM FCM I Pier Table l FCM
Key Seg Key Seg
E ;,&?‘”WQ‘S—.‘B_J‘7_,}6‘ v5w_6\]13w9‘10‘11\12i

Lower Tendon

Tendon Arrangement

|

Jacking one end

Jacking both end*———1
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6@175=1.050 100 450 100 5@175=875 2.215

450 i

140150

N R J—

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

Tendon Arrangements for the Side Span

6@175=1.050 100 450 100 5@175=875 | 2.215

450

140150

N e S—

| 450 || 6@175=1.050] 1.990 ‘

Tendon Arrangements for the Center Span
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§  The base point for  Define 15t tendon for pier table 1 using figure above. @

the tendon profile is
the upper center point
of the prestressed Tree Menu > Group>Structure Group>PierTable1>Active

Zoncrae box section Load Tab / (Temp./ Prestress) Option / Tendon Profile
ecause the  box

section is defined with Tendon Name (P1TC1R) ; Tendon Property>TOP
reference  to  the B sciectAn or Assigned Elements (21t028)
center-top.

Input Type > 3D ; Curve Type > Spline
Straight Length of Tendon>Begin (0) ; End (0)

Profile
§ The slope is a fixed 1>x(0),y(0),z(-0.3), fix (of-f)9
value if FIX is checked )
on. Otherwise a curve 2>x(2),y(0),z(-0.15), fix (on), Ry (0), Rz (0)
with a calculated slope is 3>x(12),y(0),z(-0.15), fix (on) ,Ry (0),Rz(0)
generated. 4>x(14),y(0),z(-0.3), fix (off)

Tendon Shape>Straight
Profile Insertion Point ( 78, -3.09, 0 )
X Axis Direction>X A

=

Tendon Profile Definition
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§ 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>P1TC1R
Name>P1TC1R-Copy

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

. ! :
Copy Tendon Profile

Define each of the tendon profiles using the same procedure.0
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§¢  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”.

46

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-PierTable1
Tendon>P1TC1L, PITC1R Selected Tendons
Stress Value>Stress ; 1st Jacking>Begin @
Begin (1330000) ; End(0)
Grouting : after (1 )9

Load Case Name>PS ; Load Group Name>PS-PierTable1
Selected Tendons>P1TC1L, PITC1R Tendon
Tendon>P1TC2L, PITC2R Selected Tendons
Stress Value>Stress ; 1st Jacking>Begin

Begin (1330000) ; End(0)
Grouting : after (1)

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

Begin (1330000) ; End(0)
Grouting : after (1)

Load Case Name>PS ; Load Group Name>PS-PierTable2
Selected Tendons>P2TC1L, P2TC1R Tendon
Tendon>P2TC2L, P2TC2R Selected Tendons
Stress Value>Stress ; 1st Jacking>Begin

Begin (1330000) ; End(0)
Grouting : after (1)
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1330000

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

{1

[~ | " T
DT —_— '

T i Y - — Y s— Y s— Y
[ Lve § oo § ==}

=m = s =
..... bt — Y T =S - ]

Prestress Load
(4]

Apply prestress at each construction stage using the same procedure.
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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 Tab / Construction Stage Options / C.S.Loads /Time Loads for
Construction Stage

B Select Window

Load Group Name>TimeLoad

Options>Add

Time Loads (60)

Enter 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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