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Owverview

Some representative post-tensioned box girder bridges are constructed by ILM
(Incremental Launching Method), FCM (Free Cantilever Method or Balanced
Cantilever Method), MSS (Movable Scaffolding System), etc. FCM is generally used
in a terrain where obstacles such as rivers, creeks and roads lie under the bridge,
which present difficulties in installing conventional shoring. FCMis generally used for
long span bridges, which are typically accompanied with high piers. Since itinvolves
constructing balanced cantilevers from a pier, it is often referred to as a balanced
cantilever bridge.

Similar to any other segmental construction methods, FCM presents structural system
changes in each construction stage, and each structural system needs to be analyzed
throughout the construction process. The analyses also must reflect ime dependent
material properties, tendon relaxation, tension losses in tendons, etc., whose effects
are then accumulated through the various stages of construction.

In this tutorial, MIDAS/Civil FCM Wizard is used to model construction sequence;
analysis is performed; and, results for stresses, prestress losses and deflections are

reviewed in construction stages.

This is an example of cast-in-place bridges.

Figure 1. Analytical Model (Completed)
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Starting Bent

Bridge Dimensions and Section Views

Bridge Type: 3 span continuous PSC Box Bridge (FCM)
Bridge Span: L =85.0+130.0+85.0=300.0m

Bridge Width: B =12.7m (2 lanes)
Skew Angle:  90° (perpendicular)
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Figure 2. Sectional Elevation View
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Construction Stages for FCM and Stage Analysis

The following outlines a general procedure for FCM construction.

Simultaneous
operation

Substructure construction

FT Fabrication and Assembly

3

Sequential completion of substructure construction

l¢
<

Pier table formwork/scaffolding erection and anchor
device installation

Installation of FT at pier tables

;

Formwork, rebars, ducts, etc. installation (7 day duration) r«

Repeat

Concrete pour and cure, and post-tensioning tendons
(5 day duration)

Repeat

FT moved to and installed for the next segment

another pier

Upon completion of one span construction, FT moved to

Scaffolding/shoring/formwork for end spans
(Full Support zones)

Construction of key segments (Key Seg) linking
two adjacent cantilevers

Bearing installation and post-tensioning bottom tendons

!

Bridge surface construction

!

Finish Construction

Note: This example is a 3-span FCM bridge constructed with 4 Form Travelers (FT).

As such FT will not be relocated.
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Procedure for performing construction stage analysis for FCM Bridge

The concept of construction stage analysis in MIDAS/Civil entails activation and
deactivation of predefined Structure Groups, Boundary Groups and Load Groups at
each stage of construction.

Define Material and Section Properties
Structural Modeling

Define Structure Groups

Define Boundary Groups

Define Load Groups

Enter Loads

Place Tendons

Apply Prestress Loads

. Define & Link Time Dependent Material Properties
10. Perform Structural Analysis

11. CheckResults

© @ N Ok~ DNPR

FCM Wizard automaticallyperforms the steps 2 ~ 8.



Construction stage analy sis using FCM Wizard

Material Properties and Allowable Stresses

» Top Concrete

Design Strength: f, = 400kgf/cm?
Initial Compressive Strength: f, =270kgf/cm?
Modulus of Elasticity: Ec=3,000W,"* Vfac 70,000 = 3.07x10%kgflcm?

Allowable Stresses

Allowable . . )
Immediately after stressing After final losses
Stress

Compression | f_ =055f, =1485kgf/cm?® | f, =0.4f, =1600 kgf/cm?
Tension f, =08/f, =131kgf/cm?® | f, =16,/f, =320kgf/cm?

»  Bottom Concrete
Design Strength: f, =270kgf/cm?®
Modulus of Elasticity: E, =2.35x10° kgf/cm?

» P.C Tendon (KSD 7002 SWPC 7B-®15.2mm (0.6" strand)
Yield Strength: f,, =160kgf/mm > — P, =226 tonf/strand
Tensile Strength: f,, =190kgf/nm ?— P, =26.6 tonf/strand
Cross Sectional Area: A =1387 cm?
Modulus of Elasticity: ~ E, =2.0x10° kgf/cm?
Inducted Post-tension:  f, =0.72f , =137 kgf/nm?

Anchorage Slip: As=6mm
Friction loss coefficients: n=0.30/rad
k =0.006/m
Allowable Stresses
Maximum stress at Immediately after Service loads after
prestressing anchoring (f,,) losses
0.9f, =144kgf/mm?* | 0.7f, =133kgf/mm?* | 0.8f, =128kgf/mm*
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Loads

» DeadLoads
Self-weight
Use Self Weightcommand.
Superimposed (2nd) dead load
w = 3.432 tonf/m

» Prestress
Tendon (@15.2 mm x19(90.6" —19) )
Cross sectional area: A | =1.387x19=26.353cm?
Duct Size:100/103mm
Prestress load: 72% oftensile strength
f,;=0.72f , =13680kgf/cm?
P,=A,-f,=3605tonf
Loss immediatelyafter jacking/anchoring (Calculated bythe program)
Friction loss: P, =P, -e ¢V
Top Tendon: p=0.20, k =0.001
Bottom Tendon: p=0.30, k =0.006
Loss dueto anchorage Slip Al, =6mm
Loss dueto elasticshortening: AP, =Af, -Ag,
Finalloss (Calculated bythe program)
Relaxation

Loss dueto creep and shrinkage

»  Creepand Shrinkage

Conditions
Cement: Normal (Type 1) Cement
Concrete age when becoming subjected to the sustained loads: t, = 5days
Concrete age when becoming exposed to ambientcondition: t, = 3 days
Relative humidity: RH =70%
Ambienttemperature or curingtemperature: T =20°C
Code: CEB-FIP

Creep coefficient: Calculated by the program

Shrinkage strain of concrete: Calculated by the program
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» Form traveler load
Assume as follows:
P =80.0 tonf
e=250m
M =P xe =2000 tonf

Figure 5. Form Traveler Load
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Setting Modeling Environment

Open a newfile (E New Project) and save it as ‘FCM Wizard’ (E Save).

Set the units to ‘tonf & ‘m’. The units can be changed at any time depending on the
type of modeling inputand results.

File / EY New Project
File / Bl save (FcM Wizard)

@ The Unit System Tools/UnitSystem9

can be changed using Length>m
the unit selection
button ( j) in the
Status Bar at the
bottom of the screen.

. Force>tonf .

“i Linit Sistem ‘

Length Force (Mass) Heat
@m N (kg) cal
o kM (ton) keal
kgf (kq)
mm ®J
@ tonf (ton)
f bt (Ib) =
in kips (kips/g) Etu
Temperature
® Celsius Fahrenheit

Mote @ Selected units are displaved in relevant

dialog boxes, Yalues are NOT changed with
units,

Set/Change Default Unit System

0K apply Cancel

Figure 6. Setting Unit System
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Section and Material Property Definition

Define material properties for the superstructure, substructure and tendons.

Properties / Material Properties / Material tab / Add
Type>Concrete ; Standard>KS-Civil(RC)
Use the ¥ lputton DB>C400 . ®

when defining a number
of properties.

Type>Concrete ; Standard>KS-Civil(RC)
DB>C270 .

Name (tendon); Type>UserDefined ; Standard>None
Analysis Data

Modulus of Elasticity (2.0e7)

Poisson’s Ratio (0.3)

Thermal Coefficient (1.0e-5)

WeightDensity (7.85) o

General

Material ID 3 Mame | Tendon
D Mame Type Standard 0B

Material | Section | Thickness

1 C400 Concrete  KS-Civil(,,,  C40( = Elasticity Data
2 Czm Concrete  KS-Civil(,,,  C27[] Modify... ) T User Defined
3 Tendon User Def, Type of Design | User Defined | »
Delete = Standard | MNone v
Copy T DB ¥
Impart - User Cancrete
Defined Standard -
Renumber
Type of Material Code x
@ Isotropic Orthotropic DB v
User Defined
Modulus of Elasticity : | EROERNE tonf/me
Poisson's Ratio : 0.3
£ > Thermal Coefficient : | 1,0000e-005 1/[C]
Weight Density : 1,85 tont/me
Close Use Mass Density: tont/ma/g
Concrete
Modulus of Elasticity : tont/mnz
Poisson's Ratio
Thermal Coefficient 1/12]
Weight Density 8 toni/ms
tont/ma/g

Plasticity Data

Plastic Material Mame |MOME v
Thermal Transter
Specific Heat L Jftonf[C]
Heat Conduction ;|0 Jemehre[C1
Damping Ratio ;|0
174 Cancel Apply

Figure 7. Material Properties Dialog

10
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§& Section properties
of PSC box sections
can be specified in the
FCM Wizard.

Define the section property of the piers as User Type. @

Properties / b Section Properties/ Sectiontab / Add
DB/Usertab
SectionID (1) ; Name (Pier)
Section Shape>Solid Rectangle ; User>H(1.8),B(8.1) .

2 Section Data, X
DB/fUser
w ! [ Solid Rectangle =
% Properties Mame |Pier ® User DB x

Material | Section | Thickness

Sect. Name -
1D Mame Type Shape | add. )
1 Pler User SB
Modify...
Delete
-
Copy
-
Impork
Renumber H 1.8 m
B 81 m

Hil8 B &1 Close

« Consider Shear Deformation,

Offset @ Centar-Center

Change Offset ...

Show Calculakion Results... oK Cancel

Figure 8. Section Properties Dialog

11
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FCM Bridge Wizard Modeling

FCM Bridge Wizard in MIDAS/Civil consists ofthree tabs - Model, Section and Tendon.

$& In this example,

7 day duration is Model Data InpUt

assumed for

installati f . . ) ) . .
;Zfr:wirfn rebar: Specify material properties, geometry, construction segments (Figure 10), pier table

sheath, etc. dimensions, pier type and size, etc. in the Model Tab of FCM Bridge Wizard. Enter 12

followed by 5 days gave for constructing one segment (12 days *).
for casting and

curing of concrete. Structure Wizard / FCM Bridge
Bridge Model Data Type> Typel
Model tab
Material (Girder)>1: C400; Pier Section>1: Pier
Material (Pier)>2: C270; Stage Duration (12)

@ Elements within NumberofPiers (2) ; Method>Cast-in

the FSM zones are Pier Table>P.T. (14) ; B (6)

Segmentefd dto Key Segment>K1 (2) ; K2 (2)

account for tendon . )

anchors. (Figure 10) Pier>H (40) ; C (4-2) @
FSM>FSM(L) (2,4@4.25) ; FSM(R) (2,4@4.25)
Zonel(12@4.75) ; Zone2(12@4.75)

@  Click =% |5

save the Wizard data < FCM Bridge Wizard
as a *.wzd file. Bridge Model Data Type
& Recall an existing ® Typel Tupe?

*wzd file br/ clicking
Open,., ct\on Tendon

FSM Ki Zonel B Zone2 K2
I 1

& A Curved FCM bridge
can be modeled by
checking on “Radius”
and entering the radius

value. Material { Girder } |1 1:C400 [+ | Pier Section |1 1:Pier |v]...
Material ¢ Piery |2 2:CZ1 || .| Stage Duration |12 2 day(s)
Mumber of Piers |2 = Method Cast-in [+
Radius : m
$ A non-symmetrical
. Pier Table key Segment Fier FsM
FCM bridge or a FCM
brid ; ted P.T. |14 m KI2 m H 10 m FSM(L) |2.4@4, 25
riage constructed non-
9 . B |G m K 2 m C |42 m FSM(RY | 24@4,25
symmetrically, can be
Advanced... Advanced... Zonel  |12@4. 75

modeled by checking on

“Advanced” and clicking Pier Table Placing. .. Member Age. .. ZoneZ |12@4.7 Advanced...
the __Advnced. Joytton.
Cpen... Save As... [o]4 Cancel

Figure 9. Model Tab in FCM Bridge Wizard

12
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Construction stage analy sis using FCM Wizard

¢ Time Loads for
Construction Stage are
defined in Load >
Construction Stage
Loads > Load >Time
Loads for Construction
Stage.

14

In a typical FCM construction, not all the piers (substructures) are constructed
simultaneously. As a result, the two cantilevers, which will be joined by a key segment,
are not constructed at the same time, and the cantilevers have different ages at the
time of erecting the Key Segment. Hence, the two cantilevers would undergo different
creep, shrinkage and tendon losses, resulting in differentstresses and deflections at the
time of erecting the Key Segment. Such differences need to be reflected in preparing
the construction stages for analysis.

MID AS/Civil has a feature “Time Loads for Construction Stage”“, which is used to
impose elapsed times to specific elements. The difference in ages (concrete maturity)
of the two cantilevers in this example is because of the time difference in erecting the
The two identical piers are erected by
Such

first segments of the two adjacent pier tables.
the same schedule, but pier P2 is constructed at a later time relative to pier P1.
a time difference can be handled by Time Loads for Construction Stage.

Figure 11 illustrates the assumed construction schedule in which each horizontal line
represents a 15-day duration. The construction of the first segment of pier P2 lags 60

days behind thatof pier P1.

Click HEENEIEEEEITS | to enter the time difference between the construction times
of the two pier tables.

Pier Table Flacing.., I

PT>PT. 2

Day (60) : Define |

; Press OKd

< FCM Bridge Wizard X

Bridge Model Data Type

® Typel Type2

Model | Section | Tendon
< Pier Table Placing X

1
T2 &
L 320
P

Material { Girder ) |1 1: Cann| : Pier =
Materlal ¢ Pler) |2 Z czm) < daps)
Humber of Plers 2 -
Day  :
Radius | m
Define

Pier Table Key Segme ]

PT [ |m |[K[2 LS faree ML) 242,25

B 6 m K2 [2 m C 42 |m |[FSMA)[24@4.25

Advanced... Advanced... onel [12@4T5
e Zonez |12@4.7 Advanced..
QpEn..,. Save As.. 0K Cancel

Figure 12. Input for time difference between 2 Pier Tables
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& The initia ages of the
segments, whose self-
weights of incompletely
cured concrete are
reflected in construction
stages, and the initial
ages of key segments,
must be less than the
duration for constructing
one segment.

Concrete properties change with time.
relatively rapidly in early ages.

the stage duration, and are as follows:

» FSM zone: 60 days
» KeySeg.. 10days
» PierTable: 15days
» Segment: 5days
»  Pier: 100 days
Click Memberfge.. | 15 enter the initial Mem ber Age of each main member.

Such time-dependent properties change
Construction dead loads are generally applied in eary
ages. The initial member ages represent the time when formwork and temporary
supports are removed after curing, and the members are subjected to permanent loads.
Using the initial member ages, the program automatically calculates the modulus of
elasticity, creep coefficient and shrinkage coefficient.
specified by deducting the time spent for erecting formwork and rebar placement from

The initial member ages are

Member Age, ., I

FSM (60) ; Segment(5) ; Key Seg (10)
Pier (100) ; PierTable(15) o

Bridge Model Data Type
® Typel Tupe?

Model | Section | Tendon

FSM_ K1 Zone2

Zonel

FSM B0 S dayts) Segment : |5 < day(s)

KeySeg @ |10 =5 gaucsy Pier 100 = day(s)
Pier Table |15 dap(s)

Material { Girder J |1

Material { Pier) |2

Cancel

Mumnber of Piers |2

Radius

Pier Table
PT. [ |m m H O |m o |[FaM) 24242
B 5 |m m C (42 |m |FSMR)[24@4E
Advanced... Advanced. Zonel |12@4.75
FeTE e Zonez [12@475 Advanced...
Open... Save As... oK Cancel

Figure 13. Input for initial Member Ages of main members

15
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¢ Refer to the Ondine manual,
“Using MIDAS/CIVIL > Model >
Properties > Tapered Section
Group”

& Additional Steps are

explained in the On-

line manual, “Using
MIDAS/CIVIL > Load >
Construction Stage

An alysis Data > Define
Construction Stage”

16

PSC Box Section Properties Input

In a FCM bridge construction, the sections at the piers are deeper than those atthe mid
spans to resist high moments and shear forces for cantilevers. By specifying the
sections at the supports and mid-spans, the program automatically generates variable
section profiles of a second order function.®  Enter the section dimensions referring to
Figure 14 followed by selecting Drawing under View Option to verify the sections.

The weight of the form traveler, which includes the formwork and its support devices, is
entered with an eccentricity. This is intemally converted into a vertical force and a
moment, which are then applied at the end of the cantilever segment. If the “Include
Wet Conc. Load” option is selected, the weight of the wet concrete is applied at the time
of completing the formwork and rebar placement, which is the number of days equal to
the stage duration less the member age. The member age in this case represents the
curing period (in the immediately previous stage) of the member being activated in the
current stage. After loading the form traveler, if the weight of the wet concrete is
loaded with a time gap without changing the structural system, “Additional Steps” can
be used ratherthan creating another construction stage. @

Itis recommended to include wet concrete load while defining construction stages in the
FCM Wizard, as it results in more conservative stress calculations. However, if the
camber control is referenced at the time of setting the form traveler, the deflection due
to wet concrete should be ignored, or additional construction stages should be defined.

Move from the Model tab to the Section tab

1 Cell (on)

Enter below values correspondingly.

H1(025) ; H2(219) ; H3(0.26) ; H4(0.35)

H5(0.325) ; H6(0.25) ; H2-1(59) ; H3-1(0.85)

B1(2.8) ; B2(045) ; B3(3.1) ; B4(1.75) ; B5(1.75)

B6 (1.25)

Form Traveler Load (include form load)>include Wet Conc. Load (on)
P(80) ; e(25)

View Option>Drawing
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§ Selecting the 2
Cell option provides
a section with a
middleweb.

@  The
(stiffness center location) of
beam elements created in
FCM Wizard are
automatically referenced to
the Center-Top. This is to
reflect the variable PSC
section. The stiffness is
automatically calculated
relative to the Center-Top.

eccentricities

50

2.190

260

1.050 1.750 450 1.750 1.350 1.350 1.750 450 1.750  1.050
| | o N |
©
o OF‘BOX o
N2

[1.00] 1.750 ks 1.250 | 1.8s0 | 1.850 | 1.250 hsg 1.750 |1.050]

Figure 14. PSC box section

& FCM Bridge Wizard

Eridge Model Data Type

L

Typel

Typal

Mo Tendan
SoraTTUpe

e | Cell

2 Cell

H1

H4

B4

H5|
BS
[TH6

H2-1

B6

H3-1

Open...

Save As...

H1 .25 Hz |213

m m
Ha [ m | Ha 3 m
Hs (325 |m HE [.25 m

He-1 58 m H3-1 .65 m
Bl |28 m Bz .45 m
g8 31 m o[BI B
B (175 m BE |1.25 m
T m

Form Traveler Load ( include form load }

« include Wet Conc Load
QL] tanf e (25 o

OF Cancel

Figure 15. Section dimensions Input

5.900

| 850
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€ Tendon information
can be entered using
Tendon Profile even if
Tendon Properties and
Prestress have not
been defined.

@ N7 and N8
represent the
numbers of tendons
inthe FSM zones.

18

Tendon Placement Input

The tendon placement and the number of tendons anchored in each stage are defined
in the Tendon tab. Defining the tendon and anchorage locations in the section and the
number of tendons anchored in each segment will automatically generate the tendon
profile.

FCM Wizard permits only equally spaced tendons. For unequal spacings, an average
spacing may be used, as it will not affect the overall construction stage analysis
significantly.

Tendontab

Tendon and Prestress (on)9

Section Type>1 Cell

H1(0.17) ; H2(0.32) ; H3(0.29) ; H4(0.14)
W1(0.1) ; W2(0.1) ; W3(0.06) ; S(0.175)
DX1(0.1) ; DY1(0.3) ; DX2(0.1)

DY2 (0.3) ; DX3(03) ; DY3(0.19)

Tendon Murnber,,, |

Equal (on)
N1(7) : N2(3) : N3(6) ;: N4(3) ; N5(2)
N6(7) : N7(2) : N8(5)%




ADVANCED /
6@175=1.050 00 450 100 5@175=875 6@175=1.050 00 450 100 5@175=875

SOOP

450 4@175=700
60

Figure 16. End span tendon placement. Figure 17. Center span tendon placement.

Tendon Number.

“ Eridge Model Data Type
P »
. Selecting “Unequal [.Tyw - | @ Unequal ‘
in Tendon Number
allows us to input Model | Sectiog” Tenden )
; Section T
different numbers of éﬁmandpmsmg [.Ewmggu WE:ZCEH
tendons in Top/Bottom
P TR n [(R [Z
by spans and piers.
ERE mo m
[wr [ mo| m
[wa |08 mo | m
[we [BEEE4 |m | m
[To=r [ mo | m
[D=z [0 mo | m
—';endun R — | Dx3 |3 m | 7 el [ m2 3 faal
o i [Dx4 215 |m | 5 = e 3 il
ottarn
-] [0 50 |m | NS |2 = Ne 7 sl
~Jacking Stress o E— | N7 o 4!‘ NE [ o
eb Tendon... = =
Top Alse [r] Anchorage Posltion [na [0 Ll [ Nin D jad
Bottom X x Prestressing Step | M1 |D % ‘ M1z ‘D %
-~ Tendon Anchorage Number J% ® Every Stages | W13 |D %‘ M4 ‘D %
VSR D<xzl [ w5 [0 = [ s [0 =
Bottom { Side )... Eottom { Mid }... . :’—‘1 lil\m 0
DK Cancel
Open... Save As... [o]'8 Cancel

Figure 18. Tendon placement input
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Enter the tendon properties and jacking stresses. The coefficients related to tendon
losses are different for the top and bottom tendons, which are defined separately. 72%
of the ultimate strength is specified for the jacking stress. Bottom tendons can be
anchored away from the ends of the segments in which cases the anchor locations are
specified in terms of segmentlength ratios.

Tendon Property> _I of Top or Bottom > -

Tendon Name (Top) ; Tendon Type>Internal (Post-tension)
Material>3: tendon
Total Tendon Area (0.0026353)
or _|
Strand Diameter>15.2mm (0.6 ")
Number of Strands (19) 4

§© Relaxation Coefficient Duct Diameter (0.103) ;  Relaxation Coefficient (CEB-FIP, 5)9
is based on Magura's Ultimate Strength (190000) ; Yield Strength (160000)
equation.  For normal . . i
tendons, it is 10, and for Curvature Friction Factor (0.2); Wobble Friction Factor (0.001)
low relaxation tendons, it Anchorage Slip>Begin (0.006); End (0.006)
is 45. Also, CEB-FIP BondType (Bonded)A
and JTG-04 methods are
available. OK
Tendon Name (Bot) ; Tendon Type>Internal (Post-Tension)

Material>3: tendon
Total Tendon Area (0.0026353)
or _|
Strand Diameter>15.2mm (0.6 ")
Number of Strands (19) 4
Duct Diameter (0.103) i Relaxation Coefficient (CEB-FIP, 5)9
Ultimate Strength (190000) ; Yield Strength (160000)
Curvature Friction Factor (0.3); Wobble Friction Factor (0.001)
Anchorage Slip>Begin (0.006); End (0.006)
Bond Type (Bonded) .

€ If Top tendon grouting OK
is entered at Every 1
Stages, then the grouted
section properties are &I
calculated for the stage
immediately after the Top>Top ; Bottom>Bot
grouted stage for stress

Jacking Stress>Top (0.72 ) x (Su) ; Bottom (0.72) x (Su)
Anchorage Position (1)
Top Tendon Grouting>Every (1) stages @

calculations.

20
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Marne Type
Top Internal
Bot Internal

d/Maodify Tendon Praperty.

Tendon Type
Tendon Mame

Tendon Type

[Bot

|Internal(Post-Tension}

Close

Material ‘3

HS: Tendon [

Total Tendon Area
Duct Diameter

« Fielaxation Coefficient

0. 0026353 -
0.1 i

Ultirnate Strength 130000 tonf/ms © Tendong
i 160000
UIEIH] B ety Strand Diameter 15,2mmi0, 7 [v |
Curvalure Friction Factor
. Murmber of Strands 19
Wobble Friction Factor 1/m
External Cable Moment Magnifier l:l tonf/ms2 oK Cancel
Anchorage Slip(Draw in) Bond Type
Begin ¢ |0.008 m @ Bonded
End ;| 0,006 m Unbonded
[a]4 Cancel Apply
Figure 19. Tendon properties input
$6"-19
.
=21 |
Top tendons |
- 2 tendons anchored
=) o~ -
. insegments 6 to 10
~ \
>4 = N
7 N\ I
7 NS
~ NS ‘
B
e ™~ ‘
150.000
19.000 2.000 12 @ 4.750 = 57.000 7.000 7.000 12 @ 4.750 = 57.000 1.0p0
B0 Re? o0 9B 7 6 5 16 7 -8 -9 =10 LU 1

Bottom Tendon (Segment 1)

Bottom tendons

)
Qottom Tendon (Segment 2)

Figure 20. Longitudinal tendon layout
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Construction stage analy sis using FCM Wizard

The tendon quantity increases with the increase in the cantilever length. In some
segments 2 tendons are anchored. Specify the number of tendons anchored in each
segmentbyreferring to Figure 20.

Tendon Anchorage Number

Top Tendon ., I
Equal (on)

@ Multiple segments Segment>P.T, Seg6, Seg7, Seg8, Seg9, Segl0 @
can be selected while Anch. Num(2) : Define | J
pressing the [Ctrl]
key. Bottomn { Side },,,

Equal (on) ; Segment>Segl, Seg2,Seg3, Seg4, Segl2
Anch. Num (0) ; Ll J

Baottomn ¢ Mid ... |

Equal (on) ; Segment>Segl,Seg2, Segi3, Seg4, Segl2

Anch. Num (0) ; LG
Segment>Seg5, Segl1l
Anch. Num (2) : Define |

= FCM Briclge Wizard

Bridge Model Data Type

& Top Tendon Jack.. % Bottom (Side) J... » | & Bottom (Mid) Ja...
@ Equal @ Equal @ Equal
P et [seerz
Segment Anch.Murm H Seqgment Anch. kurm Segment Anch.Mum
P.T. 2 H Seql 0 Seql 0
Segl 1 Seqgl 0 Seg? 0
Seg? 1 A | | Sead 0 Seqd 0
5ea3 1 Segd il segd 0
Segd 1 Segh 1 Segh 2
Seas 1 Seqh 1 Seqb 1
Segh 2 Seg? 1 Seq? 1
Seg? 2 Seq 1 el !
Seqgh 2 H Seqd i Seqd 1
Segd 2 U | | Seqln 1 Segll 1
Segll 2 Seqgll 1 segll 2
Segll 1 H | |Seglz 0 Segl2 U
Segl2 1
, [ 0 Bnch,Num @ |1 =
Anch,Num @ |2 ]: Anch.Mum ;|0 T~
Define Define Eeline
OF Cancel | QK Cancel oK 20c]
Prestressing Step
Tendon Anchorage Mumber e stagea
Top Tendon ...
Eottam { Side )... Eottom { Mid )...
Cpen... Save As... [s]:4 Cancel

Figure 21. Input for the number of tendons anchored in each segment
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ADVANCED APPLICATIONS

After finishing the input, click ___ 2% | 1o end FCM Bridge Wizard and verify the
modeling. Check the modeling of the bridge and tendon layouts. Use Zoom
Window and Zoom Fit to closelyview local parts.

Point Grid (off), b5 Point Grid Snap (off), m| Line Grid Snap (off),
Node Snap (on), ElementSnap (on)

L Display
Misc tab
Tendon Profile Point (on)
Boundary tab
Support(on) ; ElasticLink(on) 4

Zoom Fit, E Hidden (on)

FCM Wizard
automatically assigns
roller conditions at
each end of the bridge

$# Hep v _ &5 X

Q¢ Dynamic ~ @& View Paint -

" Ijgk oy p o ﬂéuii/ev@ = [ Close - | = Tile Horizontaly

and fixed conditions £5] Hamed view E Fnext | [ Tie verticaly
iiciclen . . Active Inactive Al Irwerse . Display New
. (-] s P e [ Previous | B cascade
for the pier supports. Dynamic View Render wiew | Select | Activities | Grdsfsnap | Display | Window [ window Tie |
The  Wizard dso — — EE TEHEOIEALI® ¥ R REEm z==z0 |
assigns infinitely stiff - b Base 15
elastic links between & Sructures (
the piers and the box . fomeim
. . = [Z] Properties
girder sections. + 2] Material : 3
= Section 1 &
* Tapered Section Group

~v Elastic Link | 6
= ¥, Static Loads
Static Load Case | [Selfifeight ; Con:
atic Load Case 2 [Prestress ; Cons]
tatic Load Case 3 [Form Traveler ;
atic Load Case 4 [Wet Concrete : C|

c. Loads
Prestressing Tendon
Tendon Property : 2

i Tendon Profile | 122 I Zoom Window

v
& Construction Stage : 16

31 [12day(s)]
52 [12 day(s)]
33 [12 day(s)] w =
54 [12 day(s)] —
S5 [12 day(s)] . —
6 [12 day(s)] S >

37 [12 day(s)]

0000 GdulrE0060 00 22 BLe 00

58 [12 day(s)] 4 Model view,
59 [12 day(s)]
510 [12 day(s)]

S11 012 day(e)]
512 112 day(s)]

513 [12 day(s)]

514 [0 day(=)] . .

S15 (12 day()] Elastic Link

516 [0 day(s)]

=
< > [\ Command Message £ analysis Wessage 1

e 2|
coo g tonf Le [m T |5 = 0 nonle | (9 [T T80/ 2 12

Figure 22. Bridge model generated by FCM Bridge Wizard
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Construction stage analy sis using FCM Wizard

Corrections to input data and additional data input

€ In Construction
Stage mode, nodes
and elements
cannot be changed
or deleted. This can
be done only in the
Base Stage.

24

Checking construction stages

When Construction Stage is defined, MIDAS/Civil has two operational modes (Base
Stage mode and Construction Stage mode).

In the Base Stage mode, all input related to the structural model data, loading and
boundary conditions is pemitted. No analysis is performed for the Base Stage.
Structural analysis is performed for Construction Stage. In the Construction Stage
mode, no structural data is pemitted to be changed or deleted other than the Boundary
and Load Groups included in each stage.

Construction Stage is defined by activating and deactivating Structure (element) Groups,
Boundary Groups and Load Groups, not individual elements and boundary and load
conditions. In the Construction Stage Mode, boundary and load conditions included in
each activated BoundaryGroup and Load Group can be modified and deleted. @

FORM TRAVELLER —~ A7

Figure 23. Construction sequence



ADVANCED APPLICATIONS

The construction sequence shown in Figure 23 is summarized by relating it to activation

and inactivation of Structure, Load and Boundary Groups in each construction stage.

1.

Construction Stage 1

— Activate Structure Groups for piers & piertables

— Activate Boundary Group (Support)

— Firstday: activate prestress, form traveler (FT) & self-wt

— T7th day: activate self-wtof wet concrete (segment1)

Construction Stage 2

— Activate Segment1l

— First day: inactivate FT and wet concrete of Construction Stage 1, and
activate FT load and prestress

— T7th day: activate self-wtof wet concrete (segment?2)

Construction Stage 3~12: Repeat Construction Stage 2

Construction Stage 13

— Activate Segment12

— First day: inactivate FT and wet concrete of Construction Stage 12, and

activate Key Seg. FT loads & prestress

— 20th day: activate self-wtof wet concrete (Key Seg. 1 and Key Seg. 3)

Construction Stage 14

— Activate Key Seg.1,3and FSM 1,2

— Activate Boundary Group (FSM_Left, FSM_Right)

— First day: inactivate FT loads and self-wt of wet concrete of Key Seg. 1
and Key Seg. 3, and activate prestress

— Lastday: activate elements atthe Pier 1 side and time load for FSM1

Construction Stage 15

— Activate self-wtof wet concrete of Key Seg. 2

Construction Stage 16

— Activate Key Seg. 2

— First day: inactivate FT loads and self-wt of wet concrete, and activate
prestress

— Firstday: activate 2nd (superimposed) dead loads

25



Construction stage analy sis using FCM Wizard

§&  After placing the
cursor on the Stage
Toolbar, arrows on
the keyboard can be
used to navigate
between the stages.

The wheel mouse
can beused as well.

Construction
stage information

26

Check the construction stages auto-generated by FCM Bridge Wizard. The Stage
toolbar and Works Tree can be used to verify the construction stage information. From
the Stage toolbar, each construction stage can be checked for activated and
deactivated Structure Group, Boundary Group and Load Group in conjunction with
Works Tree. The Stage toolbar also enables us to check the change of structures
through the various construction stages in the Model View.

L Display
Load tab
Load Case > Load Value (on) ; Nodal Load (on)

In Model View > Choose CS4 (Construction Stage 4)

Stage>Cs4 ¥

™ Cose = | == Tike Horzontaly
=" Enext | [l The verticaly

- e Prres | B Goae
GikfSiap | Digley Window Window Tie.
S EESPNA SACEE r s Bl

) = [ : -
Zoom ™
Redow It Pewous g b | [ .| Acte e A1 e
O

view  View = - Achve
Dymanic View Bcihites

T
&R
5]

*, Modes : %2
= 3 Elements : %
= [T Properties
= [X] Matesial : 3
=T Section !5
= A Boundaries

© & Supporls 4 » 1
= Elastic Link -4 7 \\M\
=4, Sulc Loeds -

+ ) Stabic Load Case 1 [Seltieight ; Con Fg

=[] Static Load Case 2 [Presiress ; Con: 2
« (] Stbic Load Case 3 [Form Traveler ~
= [ Stfic Load Case 4 [Wet Concrete:

2168

2168

2168

R PeR) s FoNCyc e

1
It

fl B | = @ (@0 @ 05

= 4, Load Group
Active

= 7] Deactivated

4, FT3[ StepFirst

b WC3 T StepsFirgd1

e

o o, 0,0,

4\ Model view/ v

=

< 2 h Command Message f{ Arysshessage |

<o/ =

[+] |
oot [xm [w] = 45 (v [nonle] I T2 2

Figure 24. Structural system for the construction stage 4



ADVANCED APPLICATIONS

@ Convert to Base
Stage. Construction
stage information can
be changed in Base
Stage only.

€@ Auto-generated Element,
Boundary and Load Groups
by Bridge Wizard is
explained in “Define
Structure (Boundary, Load)
Group” in on-line manual.

Corrections to construction stages

In FCM Wizard, we have specified 12 days for constructing each segment. However,
30 days are required for constructing a Key Segment as per Figure 11. Accordingly,
after activating segment 12, preparation for the construction of Key Segment is 30-
10=20 days (where 10 is the initial age of Key Segment). We then correct the
construction stage duration for segment 12 to 30 days and assign an “Additional Step”

of 20 days for applying the wet concrete weight of the Key Segments (KeywC1 and
KeyWcC3).

2 Hidden (off)
Stage>Base (In Model View > Choose Base) @
Load/ Construction Stage / [% Define Construction Stage

Name>Cs13 ; _Modiu/Shon |

Stage>Duration (30)

Additional Step > Step Number>1 ; %l ; Day(20); ﬂl
Load tab

Activation

Active Day>20
Group List>Name>KeyWC1, KeywC3 Mudifv| J

T S -
Stage Additional Steps
Marme Duration  Date Step Result |» add Stage = Day: [0 Add Delate.
52 I 24 1 Stage, Name, ( Evample:1,3,7,14 ) | Modfy | Clear
8 uto Generation
& 12 60 1 Stage, Insert Next save Fooul
38 12 e 1 Stage, < Stage ) Additional Steps Step Number :[0 5
cst 12 a4 1 Stage, Generate
53 12 96 1 Stage, Ganerahe chens
59 12 108 1 Stage Current: Stage Information. .
g2 12 120 ! Stage, Element | Boundar
csn 12 132 1 Stage, Delete
1 5 et —— g:age‘ Group List Activation Deactivation
age,
£rild I Lid l Stage [ san 21 | hctive Day s [Frst_[davie i Z
Close EEVQ v Y Inactive Day : |First |w |dav(s)
B3 Group List Group List
PS1-5 Hame Day ame Day
BSI-§ KeyFT! First FTI2-1 First
psl-1 KeyFTe-1  First FT1z-2 First
$in] KeyFT2-2  First FTi2-3 First
SN KeyFT3 7 FTio-4 First
pEil KeyC 1 2 First
p32-0 ReyC3
PSZ-1 S1-12
piip PS2-12 First
P52-3
P84
£ - add | Modiy || Delete add | Modfy || Delete
oK Cancel Apply

Figure 25. Corrections to Construction Stage 13 information
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28

Similarly for Stage 13, Stage 15is corrected. The construction schedule on Figure 11
indicates that the duration for constructing Key Segment 2 is 30 days. The stage
duration for the Stage 15is thus changed to 30 days.

Load/ Construction Stage / % Define Construction Stage

Name>CS15 : MDdifU/Shnwl

Stage>Duration (30)

Additional Step>Day ( 20) 244 |
Loadtab

Activation

Active Day>20
Group List>Name>KeyWC2-1, KeywC2-2 Modify |

"i Enmﬁnse Construction Etage X
Stage Additional Steps
Stage ! £ = Day © |20 Add Delate
Mame : ( Example:1,3,7, 14 ; | Modfy | dear

Duration : 2y Step Day,
i wl dayts) Auto Generation 1 8

Save Result
" Step Number |0
v Stage v tdditional Steps
Generate Steps
Current Stage Information. ..

Element | Boundary | Load

Group List Activation Deactivation
clfeight ~
10 (s} Inactive Day : [First |v |day(s)

Group List
Day

4 KeyWCal 20
3 KeyWC2-a 20

Name Day

LA L) LA LI LI LACACACALALA!
T
=

4dd || Modify | Dekete Add || Modfy | Delete

o
nd
<

ok Cancel Apply

Figure 26. Corrections to Construction Stage 15 information



ADVANCED APPLICATIONS

Once all the Key Segments are constructed, the 2nd dead load (superimposed dead
load - pavement, barriers, railings, etc.) is applied. It is assumed that the camber
control management due to creep is carried out until 10,000 days after applying the 2nd
dead load. We will apply the 2nd dead load in CS16 and assign 10,000 days for its
duration. For this, aload caseis defined and a Load Group is created.

Load/ Static Load Cases
Name (2nd) ; Type>Construction Stage Load Add J

Tree Menu / Group/ Load Group
RightClick > New > Name (2nd )

4 Static Load Cases b4
I
o Group
Name add +-E=A Structure Group @ 38
Case t| &l Load Case v Moify + gundary Group : 6
Type | Construction Stage Laad (CS} v Delete 28 m Solpw Mew
O ! &
Description ! *: pgsi-  Mew..
te PSI1-1
No Name Type ‘ Description EF Ps1-2
1|Selfeight |Construction Stage Load ( |Construction Stage, Self Weight 1* Eg}j
2|Presiress | Construction Stage Load ( Construction Stage, Tendon Pr 1“ p1-5
3|Farm Travel Construction Stage Load (| Construction Stage, Form Travel 1'_ PS1-6
4]'Wet Concret Construction Stage Load (| Construction Stage, Wet Concre 1'_ PS1-7
i = |ERER Con=truction Stage Load ( i PS1-8
T
I i Ps1-9
t. PS1-10
e PSI-11
. PS1-12
i P52-0
4. P52-1
+. P22
+. P52-3
+. P52-4
+. P52-5
i P52-B
i P52-7
+ =
t. PS2-10
. Ps2-1
4, P52-12
+. KeyPS1
+,. KeyPs2
+. KeyPs3
o FT1
i FT2
. FT3
t. FT4
. FT8
1Y e te

Figure 27. Definition of Load Case and creation of Load Group
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Construction stage analy sis using FCM Wizard

We applythe 2nd dead load, 3.432 tonf/m, in the —Z direction.

L Display
Load tab
Load Case>Nodal Load (off)
Misc tab
Tendon Profile (off)
Boundary tab
Support(off) ; ElasticLink (off)
OK to close the window

Load/ T ElementBeam Loads
[+ Select Window (@ in Figure 28)
Load Case Name>2nd ; Load Group Name>2nd
Options>Add ; Load Type>Uniform Load
Direction>GlobalZ ; Projection>No
Value>Relative ; x1(0), x (1), W(-3.432)
(make sure units are tonf and m)
Apply

{ ocd Body Force. | 11 Element

(©) settement/Etc E % @ self weight 1 Pressure Loads = it Forces
uction Stage () Load Taties 4 ” (% hodal Loads (% ok Masses M 1ine . Hydrostauc Pressure | (] Assign Floor Loads ~
(@) et of Hystaton L e 1 Sneriied Dil. LY Loak toMases | B Topicd | & Assign Phare Loats =
Load Type Create Load Cases || ‘Structure Loads | Masses | Beamicad | Preswreload | Il ForcesfEre
CEEITRHESI RIS ®] al iEESDMIA I DADEE NN %
Hilpase HIk:

Elemert Beom Loads | ..
Load Csse Name
nd B

Load Group Name
nd -

Optons
© 4dd o Replace © Delete
Load Type

Uniform Loads -

RN

T

2200 HUl=>E000 04

Eccenticiy
Direction : [GlobalZ | =
Projection: 0 Yes @ No
Value
® Relgfie = shaolue
4 ' Model View | 3

¥ \ Model View,
Pl
x

Unit: toni/m

apply | s

b>

|, Command Message £_Znalyss Messaz |

,
e b (norle] T 2 2

Figure 28. Applying the 2" dead load



ADVANCED APPLICATIONS

In Stage 16, Load Group “2nd"is activated, and its duration is changed to 10,000 days.

Load/ Construction Stage Load Type / I Define Construction Stage
Name>Cs16 _bodiiy/Show |
Stage>Duration (10000)
Load tab
Group List>2nd
Activation

Active Day>First
Add ]

& |Gonstruction Stage.

St —addions) Ste
Name  Duration Date Step Resuk |~ | ndd Stage £sis RS Day: [0 il || Dokt
Csh 12 B0 1 Stage, Name CSi ( Exomple: 1.3.7.14 ) Modfy | Jer
C56 12 2 1 Stage, Insert Prev Dmalinr(. N 2 dayts 3 Doy
C57 12 il 1 Stage,
s 5% 1 Siage, Insert st Sare sl S
Eg?u g }gg 1 g}age. @ Stage < Addtional Steps i N
age,
1 . Frent - Informatic
1 ModfyShow S ot
1 ot | Bt Load |
0 Dl = .
1 Group List e - Activaton e
Sefffeiatt =l
P = MveDey!(sl Inaciive Day : Frst v dagls)
PSi2
Qose Eg}j = Group List Group List
PS5 Tiane sy fime
PS1-6 N KeyPS2 First KeyWC2-1 irst
P31 2nd First Key#C22  First
PSI8 KeFTo?  First
3N KeyFT3 st
3
PSI-i2
PS2-0
pSz |
p2p
P25 f
Eg?’; = add }qum Delete add || modfy || Deletm
x Cocel sesty

Figure 29. Corrections to Construction Stage 16 information
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32

We will now check the construction stage data input.

Activation (symbol “O”) and

deactivation (symbol “X’) of Structure, Boundary and Load Groups are summarized.

Query/ Group Activation of Construction Stage

c31 | _cs
Ja]

o
[
]
[

> |

Group Name

S11 | cs1z | cs13 | csia | csas | csie |
[l

| ¢
|_a Al Tl sl T]aflr]alT]alT]

&,
3 0
Pierl (9]
Segmenti-1 Q
Segmentl-2 Q
Segmentl-3 Q
Segmenti-4 =]
Segmenti-5 (o]
Segmentl-6 ]
Segmentl-7 Q
Segmenti-& o]
Segmenti-9 Q
Segmentl-10
Segmenti-11
Segmenti-12
| |Groupe-0
Pierz
Segmentd-1 Q
Segmenti-2 o]
Segmentd-3 Q
| |Segmentz-4 (o]
| |Segment25 (8]
Segmenti-6 ]
Segment2-T o}
| |Segmentz-B [s]
SegmentZ-9 Q
Segmentz-10

Segment2-11

Segment-12

KeySegl

KeySegZ

| |Keysegs

— |Fsm

FSMZ

KeySegall

| |BridgeGirder

Supportiode

[=3r=1 ]

L
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o oo ooooH™
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o oo0ooo
© 0000000

o000 0000oQ0

000000000
00000000000

“["\Element 4 Boundary £ Load / |8
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ADVANCED APPLICATIONS

€ Since the creep
and shrinkage
coefficients are a
function of physical
shapes (Notational
Size of Member), we
will define the time
dependent material

properties after
determining the
variable section
dimensions.

@ In order to
automatically  link
(regular)  material

properties and time
dependent material
properties, section
properties must be
defined by DB/User
Type or PSC Type.

Definition and Link for time dependent material properties

Having completed the modeling of the structure, we now define the time dependent
material properties (compressive strength gain curve, creep and shrinkage coefficients)
and link them to each section. ¥

Based on the CEB-FIP standards, different section dimensions result in different creep
and shrinkage coefficients. That is, each section must be linked to the corresponding
time dependent material properties. MIDAS/Civil automatically calculates time
dependent material properties based on the concrete maturity (age) and apply them to
the corresponding materials. Using Change Element Dependent Material Property,
the time dependent material properties are calculated as per CEB-FIP and

automaticallyassigned to each corresponding element. @

The procedure for applying creep and shrinkage coefficients to the tapered elements by
the Change ElementDependent Material Property functionis as follows:

1. Definecreepand shrinkage material properties as per CEB-FIP.
2. Linktime dependentmaterial propertiesto (regular) material properties.
3. Using the Change Element Dependent Material Property function, assign

Notational Size of Member (dimensions ofelements) to the elements.

When the above procedure is followed, the coefficients defined in the step 1 are not
applied, and rather the creep and coefficients are calculated based on the member
sizes defined in the step 3 and applied to the elements having the Change Element
DependentMaterial Property values.
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1Y

28 day strength

is converted
the current
system.

34

into
unit

Time dependentmaterial properties are defined using the following values.

>

>
>
>
>

28 day strength: fo = 400 kgflcm? (PSC box girder), 270 kgficm? (pier)
Relative humidity: RH =70 %

Notational Size: specify an arbitrary value (the above step 3 overrides this)
Type of concrete: Normal concrete (N, R)

Time at which formworkis removed: 3 days

Properties / Time Dependent Material / \E Creep/Shrinkage

Add

Name (C400) ; Code>CEB-FIP(1990)

Compressive strength of concrete at the age of 28 days (4000) @
Relative Humidityof ambientenvironment (40 ~ 99) (70)
Notational size of member (1)

Type of cement>Normal or rapid hardening cement(N, R)

Age of concrete at which shrinkage beginsto take place (3)
Apply

Name (C270) ; Code>CEB-FIP

Compressive strength of concrete at the age of 28 days (2700)
Relative Humidityof ambientenvironment (40 ~ 99) (70)
Notational size of member (1)

Type of cement>Normal or rapid hardening cement(N, R)

Age of concrete at which shrinkage begins to take place (3)

Mame Code Type Add
Cam CEB-FIP(I..
czn CEB-FIP(IL Hodfy
Delete.
¢ Add/Modify Time Dependent Material (Creep / Shrinkage) = ]
Name ¢ [CZ70 Code + [CEB-FIP(1530) =
CEB-FIP(1930) 5
Characteristic compressive strength of concrete 2100 . =
2t the age of 28 days (k) : Enifim
Relative Humidity of ambient environment (40 - 99) o %
Notational sizs of member : 1 m
h=2-Ac/u (Ac: Section Area. u t Perimeter in contact with
< Show Time Dependent Material Function b4
Type of cement (BRI L SURCURL LU
Fiapid hardening high strength cement (RS) Creep Function Data Tupe Graph Options
 Normal or rapid hardening cement (N, F) © Creep Cosfiicient Kaxls log scale Y-avis log scale
Slowly hardening cement (SL) Shrinkage Strain

Age of concrete at the beginning of shrinkage : 3

Start Loading : |10 Day
End Loading 10000 Day
Cance Mum, of Steps @ |24

Time £
(dayy | Vol
T
—

3,5266e-001

17,78 454582001

3 2371 5.3816e-001
31,62 6.1597e-001
4217 6,9251e-001
56,23 7,69359e-001
%99 84373001 0 ]

Creep Coefficient

6] \0000 §.3247e-001
- i
Tl 737 141 1 Plifeannn (¥ Tine (day)
Redran lal|  dose

Figure 31. Definition of creep and shrinkage material properties



ADVANCED APPLICATIONS

% Time Dependent Material (Comp. Str...

The curve for gain in concrete strength is defined for each grade of concrete.

strength changes affect the modulus of elasticity CEB-FIP code is used. Also the

Such

values used for defining creep and shrinkage are entered for defining concrete strength.

ADD

Name (C400) ; Type>Code

Developmentof Strength>Code>CEB-FIP
Concrete Compressive Strength at 28 Days (4000)
CementType(s) (N, R : 0.25) el ETEp

Properties / Time Dependent Material / Comp. Strength

Apply

Name (C270) ; Type>Code

Developmentof Strength>Code>CEB-FIP
Concrete Compressive Strength at 28 Days (2700)
CementType(s) (N, R : 0.25) el ETEp

% Add/Modify Time Dependent Material (Comp. Strength)

Figure 32. Definition of strength gain curve

Name Type add Name Scale Factor Graph Options
C40o Code X-axis log scale Y-axis log scale
czm Code Modify
Delete Type
® Code User soon
Copy 4500
Development of Strength
4000 E—
Close Code 1 |CEB-FIP [* - LT
e
(i +m)xexn(sx{1*(2 sres)” )
Mean compressive strength of concrete
at the age of 28 days (fck+delta_f) zson
4000 tonf/me 2000
1500
Cement Type(s) 1000 |(
MR 0E = i
o
o z 3 & 8 1z 18 20 24 25
Time [day)
Redraw Graph Q oK iZancel
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The time dependent material properties (which are used in construction stages) are
linked to the (regular) material properties (which are used in postconstruction stages).

Properties / Time Dependent Material / % Material Link
Time Dependent Material Type
Creep/Shrinkage>C400
Comp. Strength>C400
Select Material for Assign>Materials>

1:c400 2] Selected Materials A/ Modify |

Time Dependent Material Type
Creep/Shrinkage>C270
Comp. Strength>C270

Select Material for Assign>Materials>

2.c270 2l Selected Materials ~ _Add £ Modify |

UCIEl Properties [T B Heb v _ I X

W Structre  hodsf

fHUserDefire T Change Property B @ C? @ ﬁ

B Creep/Shrinkage T Material Link
Plastic Section Section  Tapered Thickness  Moment

n
Inelastic Hinge g
Group Damping ~

Material

.| Property
Properties | [E1 Comp. Strength Materisl | Properties  Manager © Group Corvatre [ Inelastic Materal * SR
HMaterial | Time Dependent Materisl | Plsstic | Section | Tnelastic Properties | Tables |

EER TSR

CEEITEE®IRDSS® %
i Base ~ I h

SRS DE A IO EE NN E]E

Time Dependent Material Link

Time Dependent Matetial Tupe
Creep/Shrinkage[C2T0 |+

Comp, Stenghh [CZ00 v ..

Select Material to Assign

. Selected
Materials Materials

1:C400

2C2m

3iTendon

W

czin

ceim

4 Model View, P

Ilccoc a2 >@000 00 €202 O0P 50

LGELENTY Tack Pane Command Message Analysis Message Kl

tonf e fm - Te 1R s b Tnade |12 T2/ T2

b~

Figure 33. Time dependent and regular material properties link



ADVANCED APPLICATIONS

§® Selecting “Auto Calculate”
automatically calculates the
“h” values for all the selected
elements, which are applied to
the calculation of creep and
shrinkage. Selecting “Input”’
allows us to specify user-
defined “h” values for selected
elements.

When Notational Size of Member, h, is defined in Change Element Dependent Material
Property, the “h” value that was defined in Time Dependent Material (Creep/Shrinkage)
is ignored. New creep and shrinkage functions are calculated based on the “h” values
defined in Change Element Dependent Material Property and are assigned to individual
elements.

Properties / Time Dependent Material / Change Property
M selectall

Option>Add/Replace

ElementDependent Material

Notational Size of Member>Auto Calculate @
Code>CEB-FIP

Apply.

|
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& Select TSGroupl-~4
in the list box at the
bottom.

€ Enter the starting
number for newly
created tapered
section data as a
result of removal of
Tapered Section
Groups.

38

Removal of Tapered Section Groups

FCM Wizard creates Tapered Section Group for non-prismatic elements. The Tapered
Section Group function automatically calculates the section properties of the varying
element sections based on the section information at both ends of a member.
MID AS/Civil calculates all the section properties of the elements assigned in Tapered
Section Group prior to performing analysis and retains the section data for analysis.
Hence, it is recommended to remove Tapered Section Group prior to performing

analysis,to save time.

Properties / iy Tapered Section Group
Name>TSGroup1 ~4 $  Convertto Tapered Section...
New Start Section Number (1) @ J
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ADVANCED APPLICATIONS

Performing Structural Analysis

€@ If “Auto Time Step
Generation” for Large
Time Gap is checked
on, additional time
steps will be generated
for those stages
having duration
beyond the specified
periods to reflect long
term effects.

§¢ If “Change with
Tendon” is checked
on, the stiffness

change in tendons is
reflected in calculating
construction stage
stresses.

§@ If Save Output of

Current Stage
(Beam/Truss) is
checked on, member

forces at the current
stage can be
separately checked.

Having completed defining the structural model and construction stages, we now select
the options to consider time dependent material properties and tension losses in
tendons for construction stage analysis. We also define the convergence and iteration

conditions for creep.

Analysis / Construction Stage Analysis Control

Final Stage>Last Stage

Analysis Option>Include Time Dependent Effect (on)

Time DependentEffect Control
Creep & Shrinkage (on) ;

Time Dependent Effect Cankral

Type>Creep & Shrinkage
Convergence for Creep Iteration

Number of lteration (5)

;  Tolerance (0.01)

Auto Time Step Generation for Large Time Gap (on) @

Tendon Tension Loss Effect (Creep & Shrinkage) (on)

Variation of Comp. Strength (on)

Tendon Tension Loss Effect (Elastic Shortening) (on)
Beam Section Property Changes>Change with Tendon @
Save Output of Current Stage (Beam/Truss) (on) @

& Construction Stage Analysis Control Data

Final Stage

@ Last Stage Other Stage v

Restart Construction Stage Analysis

Analysis Option
Include Monlinear Analysis

Include P-Delta Effect Only
+/Include Time Dependent Effect  Time Dependent Effect Control
Load Cases to be Distinguishied from Dead Load for C.5, Output

Load Case | | SelfWeight v

Load Case | [ ad

Delete

Load Type for C.5, (Erection Load) | Dead Load of Wearing Surface »

X
Cable-Pretension Force Canitral
® Internal Force Euternal Force
Initial Force Control
Convert Final Stage Member Forces to Initial Forces for Post C.5,
Change Cable Element to Equivalent Truss Element for PostCS
Apply Initial Member Force to C.5,
Initial Tangent Displacement for Erected Structures
\J
\J
Consider Stress Decrease at Lead Length Zone by Post-tension
Bearn Section Property Changes
Constant ® Change with Tendon
Frame Output
Calculate Concurrent Forces of Frame
« Calculate Qutput of Each Part of Composite Section
« Save Quiput of Current Stage(Beam,/ Truss)
K Cancel

Figure 36. Definition of control parameters for construction stage analysis
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When construction stage analysis is carried out, construction stage load cases are
automatically generated. The loadings that are applied in construction stages are
predominantly due to self-weight. Hence, the program generates all the loads lumped
into “CS: Dead”, except for creep, shrinkage and tendon loads. If there is a specific
load case which needs to be separated from the “CS: Dead”, such a load case is
selected and assigned to “Load Cases to be Distinguished from Dead Load for CS
Output”, which is then classified as CS: Erection. For example, this function may be
applied when we need to separately check the effects of form traveler loads from the
total stage analysis results.

Up to this point we have completed all the input for the structural model and
construction stages. We will now perform analysis.

Analysis / B Perform Analysis




ADVANCED APPLICATIONS

Checking Analysis Results

@ Refer to Using  Construction stage analysis results can be checked in two ways. Stresses and
MID AS/Civil > Results >

Bridge Girder Diagrams @
in the On-line manual. be checked ™, or the change in stresses and displacements of a specific element can

be checked with the progress of each construction stageg. MID AS/Civil generates

@ Refer to Using
MID AS/Civil > Results
> Stage/Step History
Graph in the On-line
manual. Checking stresses and member forces by graphs

graphs and tables to check both results.

We will review the stresses at the section bottom at the stage 13 where the largest

compressive stress occurs.

§ In MSS/FSM Wizards, Stage>CS13
Structure  Groups - for Results / Bridge Girder Diagrams

section stress checks are . . . .
automatically generated. Load Cases/Combinations>Step List>First Step, User Step (on)

Bridge Girder is an Load Cases/Combinations>CS: Summation ; Diagram Type>Stress
element group to which X-Axis Type>Node ; Bridge Girder Elem.Group>Bridge Girder %
the main girder is .

assigned. Components>Combined

Combined (Axial + Moment)>Maximum
@ Allowable Stress Line> Draw Allowable Stress Line (on)
Check on the Draw . &
Allowable Stress Line >C0mp'(1600) ! Tens.( 320)

and enter allowable Generation Option>Current Stage-Step
compressive and
tensile stresses whose
values are displayed in \
dotted lines on the e

= L ode Shapes - A wnfu, Lnes = T TH Results © I Cable Control = =] @
will | # infu, Sufaces * [, TH GrachiTaxt * | | Cambarsaction * u e
stress graph. Comaton | PEFOCE T G Rt © K vowg Tro 1 Tendontoss Ggh oue| T

s
Mg Load Time Hetory Y Tt | Tbles |

€813, ©5. Summation / Combined (Maximum)
russ Diagrans

s /Combinatons

e

displacements accumulated up to a specific construction stage for all the members can

 Stress Diagram,

CONSTROCTION STAGE RESULTS SKVED TO PN.CAS FILE

8 Curant Siage-
Staces(Las! Stap)

——%0LUTION TEREINATED
TED. ... Ci

Verk\L1. FOR eeston\ 11
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93 360

all mply | e =

Tres Meru [T TF T, Conmorbossags ) Anatysis Mossae L«

Figure 37. Bottom stress graph at the construction stage 13
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If any specific area of the graph needs to be magnified, drag the mouse on that area,
keeping the mouse button clicked. To revert back to the entire graph, right-click the
mouse and select“Zoom-Out All”.

Change Title & Label

|T Draw Color Graph
Draw Gray Graph

@ cs1/ries
Tica el W cereivees [

Zaoom Out

Zoom Out All

Save Graph As Image
Save Graph As Text

Stress(tonf/n®)

Figure 38. Magnifying the stress graph



ADVANCED APPLICATIONS

{® Stage/Step History
Graph can be viewed
only when the Model
View is active.

Beam Force/Stre:

Mame: [Bot
Element No,: |19

 Force

& Stress

Paint: I-Mode hd
Components: [Bend(-z) A

W Combine Axzial

ok [ Careal |

Using the Stage/Step History Graph, we will check the change of stresses with
construction stages for the pier table (element19,i-end) on a graph.

Model View ¥

Results / Time History/ Stage/Step History Graph

Define Function>Beam Force/Stress Add New Function |

Beam Force/Stress>Name (Top) ; ElementNo. (19) ; Stress (on)
Point>I-Node ; Components>Bend(+2)
Combine Axial (on) : OK J

Beam Force/Stress>Name (Bot) ; ElementNo. (19); Stress (on)
Point>I-Node ; Components>Bend(-2)
Combine Axial (on) o

Mode>Multi Func. ; Step Option>All Steps ;
Check Function to Plot>Top (on) ; Bot (on)
Load Cases/Combinations>Summation

Graph Title (Stress History) __reeh_|

X-Axis>Stage/Step

4 Tnfla. Lines ~

tresses

T T
- ¥ Dagram ~ & Ik, Surfaces - | [ Camber/Reactn =

. Bide Grckr | Text | Resd
Conbanton] | ¥ Forcss - EHY Resits & Moving Traces ~ o | [ TedonlossGaph 0 | i Tl

Morngload |

stress History

[ R

[

Step Ogtion
® #ll Sieps
%-fs

© Stage/Sep

Last Siep
Time{day)
Check Funcsans Ta Plet

wTop
#Batiom

Wodfy Dektz

Load Cases/Combinations
Summation

Summation

Graph Tille

Bl Ggh | Cose

Stage/Step (Stage: Step)

SRRl 51200 History Graph/

IUTION TERNINATED
CH\Docments md Settings\user\ S S\civil\Vew Vorkill. FIN Bizer\Bodified Fersim 11

[ Commencwessage ) Analysis Message |

[T
o for (= [ [w] 0 45 b (nonie] 21T/ 2

Figure 39. Graph showing the change of stresses by construction stages
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Invoke the Context Menu in the Stage/Step History Graph by right-clicking the mouse.
Select Save Graph As Text in the Context Menu and save the change in stresses in text

form.

Save Graph As Text

File name (N) ( Stress History)

et 9 stresses -
) " ¥ Diagram ™
[mﬁm 2 Forcs - S H Resuts ~

Z Boam/Sement ~

& Infl. Lines ~

&) Moving Traces ~

T2 THRests =
A Tnfis. Surfaces * | [& TH GraphfTent -

HE Cable Cantral ~
| CamberfRezcton =
1 Tendon Loss Graph

ext
Output

Reaiits
T4

Foingload |

Brioge

Define Funcion
A

Add New Funclion

ade
@ Multi Func,

Mulfi LCase
Siep Opion
@ Al Steps Last Sep
s
© Stage/Slen © Time(day)
Check Funetions Ta Piot
¥Top
wBatiom
Moy Deete

Load Cases/Combinations
Summation v

Gragh Title : | Summation

aj

Gmh

Function Value

32 rnd —

Window bl

stress History

Changa Title & Label

+ Draw Color Graph
Draw Gray Graph
Zoom Out
Zoom Out &l

enan pan —

[ presw

B coeeaconsien)

s Top(tont/n' )
Stave/Sten

20 114, cal 42

torf x [m x

Figure 40. Saving stresses by construction stages as a text format
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ADVANCED APPLICATIONS

Using Stage/Step History Graph, we will now check the change in member forces by
construction stages for the pier table (element 19, i-end) on a graph.

Model View

Results / Time History/ Stage/Step Graph
Define Function>Beam Force/Stress Add New Function |
Beam Force/Stress>Name (Moment) ; ElementNo. (19 ) ; Force (on)
Point>I-Node ; Components>Moment-y .J
OK

Mode>Multi LCase
Step Option>LastStep ; X-Axis>Stage/Step
CheckLoad Cases to Plot
DeadLoad (on) ; ErectionlLoad(on) ; TendonPrimary(on)
Tendon Secondary(on) ; CreepPrimary(on)
Shrinkage Primary(on) ; Creep Secondary (on)
Shrinkage Secondary(on) ; Summation (on)
Defined Functions>Moment
Graph Title (Moment) Graph |

\yL* © Bistesses - X eearyBement L Mode Shapes * A infu Lnes * [ TH Results * ¢ Cable Control * ﬁ Eﬂ
(4 ¥ Diagram # Infu. Sufaces * [ TH Graph/Test * | [ Camber/Reaction * — o
e Rt @Rt It 8 Movng Tracer * 15 Tenckn Loss Gragh o |,
Combnaton Remts. Cetd Mode shape Mawng Load Time Hstary. | Bncge: Text Tades ‘

[ e

Mult Fune. @ Mulf LCase

Step Option
Al Seps @ Last Sep

Beam Force/Stress

Kool
hame: [Moment @ Sage/Stap 0 Timeday)
K
Elemant Ho. Check Load Cases To Fiot
& Force - Siress Terdon Prinay, -

Funcrien Valus

Point; [Hode ~
Companerts! [Momenty =

¥ Combine Axial

o[ ol |

Defined Functions
Moment

Graph Title : [Mament

al Graph | o

Stage/Soep Stage:Step]

Tree e RS Commani Message Ay Wessam |

tor [ [ [w ] ] » nonfe| 2 T

Figure 41. Graph showing the change in forces by construction stages
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§@ By selecting CS1
and CS16 while the
Shift key is pressed,
we can select all the
construction stages
from CS1 to CS16.

46

Checking stresses using tables.

When construction stage analysis results are checked in tables, Records Activation
Dialog is used to sort the results by elements, load cases, stages, element parts of
interest, etc. We will check the change in stresses with construction stages at the end
of a pier table.

Results / Tables / Results Tables /Beam / ¥: Stress
Node or Element>Element (19)
Load case/Combination>Summation(CS) (on)
Stage/Step>CS1:001(first) ~ CS16:002(last) (on) @

Part Number>Parti (on)
Axial Sheary Shearz Bend(*y)‘ Bendi-y) Bend(‘z)‘ Beni(-2) ‘cn(mm/max) Cotf-yah | Chleyd | Cbdiw-a) | Cbd-y-2)

Jﬂ Loed ‘ Stage (tont/me) | (tontfme) | Ctoni/me) | (tonffme) | (tonifme) | (tonime) | (tonifme) | Ctonfm® | (tonb/me) | (o) | (tondme) | (tonims)

L- Summati C51 0f(first IM9] -91de+001 0004000 -304e+001 0004000 000000 -1 Me002 126002 233002 2334002 233002 34Be+O01  34Bet001
19 Summati C§1 00Zuser  I19] -915+001  000+000.  618e+000  000e*000 0004000 -124e4002 1114002 2164002 -27Be+002  -21Be00Z 182001 182001
19 Summati C&1 003lest)  I19] -913+001  000e+00  62Be+000  000et00D 000000 -12det00Z 110002 -21%t002)  -21%e+002  -Z1%et00Z  191e+001  181et001
19 Summati C52 00f(first 1791 -1.5%+002 0004000, -GGe+000  000g+000 0004000 -185+002 16002 -323H002)  -323s4002 328002 280ed001 285001
19 Summati €52 00fuser  I19] -138et002 (0000 E5Ze+lf 0004000 000e+000  -143e4002  1.26e00Z -281et00Z)  -Z8letDl2  -ZBlet00Z  -967et000  -GE7et000
19 Summati (52 00lmst) 1181 -1.38gt002 0004000  252e+001  0O00:+000 00064000 -143e#002  1.28¢*002  -BOlet002| -281et002  -261e+002  -875%+000  -975et000
19 Summati C&3 00f(first W19 -18%e*002  0,00e+000  1,08e+001 0004000 000e+000 20564002 184002 -380e+002)  -380e+002 380002 -16fe-002  -1le-002
18 Summati €33 002user I3 -184e+002 0004000 41Ge+00 0004000 000000 1424002 127002 -326ef002)  -32Be+002 326002 577001 -S77et001
19 Summati C&3 003lest) 119 -18%e*002 0004000 41Be+001 0004000 000e+000 -1 Me+002 1264002 -326e+002)  -326e+002 326002 -578e+001  -G78e+001
18 Summati C34 O0f(first 118 -Z30et002 00000 2 7BerdO! 000000 000*000 -2 0fie00Z  1,85e+007 -435e002)  -430et002 435002 -d4Re+O01 448001
19 Summati €54 00use b -355et002 1754002 1154002

Step ‘ Part

: 19 Sumnaticst sl [ Node or Element | Lsadcass/Combination Stage/Step Ll TR G 11T
T tosummeticss  oot(irs M| M nverse | _Prev_| ggf;jmfﬁ‘;%m / D B0 0G0 102
| 18 SummatiCS5 00use [Element 19 [CTendon Primary(CS) = pan 274 -388e+002)  -1.80e+002  -1,8%e+(02

I O T G = e = Tendan Secondary(CS) : part /2 R 1 B e

| tesummsicss 000 [BamentType =] Ads ggz;g ggnm;:é;ff(’cs) M [Part ] AT 18I -1 S0

| 19 SummatiC3 004 use MShrinkage Primary(Cs) -360et002  -2ETet002  -287et02

| r9sunmancss et [BEERC _Delere | o STy B EER -RER

"] tasummatics?  wifis | |PCaTE Reu\a:ef e B -
PLANE STRAIN

-A83+002  -368e4002  -38e02
-452et002  -368e+002  -3f8Get02
B75e002  -338e4002  -336er002
“SAde002  -AE2e+002 48202
543002 4RPetO0R 4626002
“TA%H002)  -433e4002 433002
508002 -5EBet002  -DfGet0Z
6084002 -5EBe+002  -DfGer(02
-50%t002  -53Be+002  -538et02
-B5%002  -BA%e+O0R 85002
558002 -680e+002  -58%e(02
18 Summati C311 00{firs -B52t002  -BSBetO0R  —5Ger002
19 Summati €511 002use 682002 8154002 81584002
19 Summati C&11 003 last CIMin, % 582002 -B1%e+002  -B1%t02
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Figure 42. Table showing stresses by construction stages




ADVANCED APPLICATIONS

Checking prestress losses.

We will check the change in tension with construction stages due to prestress losses
In the Tendon Time Dependent Loss Graph dialog, only the tendons which exist in the
current stage, can be checked. Hence, it is necessary to revert to the construction
stage in which the tendon intended to be examined is included. For viewing the

change of tensionin a tendon with construction stages, click .

Results /Bridge / Tendon Loss Graph
Tendon>Top01-01

= Tendon Time-dependent Loss Graph,

Tendon : | Top0i-01 =) Stafes [CS1 v | Step : |First Step |v]
Tendon:Top01-01 Stage:C51 Step:First Step
2M0.502
2E0_802
G 250.502
g 240,502 —
¥ 220802 = L]
Y azo.soz M
o zlo.soz
B a00_802
g2 zg0.502
T zso_so:
& 270.802
Z60.502
E250.502
] 1 z 2 4 5 5 7 3 7 10 1 1z 12 14
Distance (m)
m} Close

Figure 43. Prestress loss graph
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Checking tendon coordinates.

MID AS/Civil provides the coordinates of tendons at the quarter points of the elements to
which tendons are assigned.

Results /Result Tables / Tendon/ Tendon Coordinates

= i z
Tendon Mame Mo o | (rmd ‘ Cm |
[(l|Ect01-00 0 139,5000 0,0000 47,0000
B ot01-01 1 0,0000 —2,8000 —2,02E5
Bot01-01 = 1,1875 —=, 8962 -2,1345
B ot01—01 E] 23750 —2,89322 —2,2387
Bot01-01 4 53,5625 -3,0495 -2,53341
Bot01-01 [ 4,7500 —3,0940 —2,4100
Bot01-01 5 5,9375 -3,1145 -2,4411
Bot01-01 7 7.1250 -3,11582 —-2,4100
Bot01-01 =) 5,3125 -3,1102 -2,4013F
Bot01-01 =] 9,5000 —3,0940 —2,4100
Bot01-01 10 39,7500 —5,0902 -2,4104
Bot01-01 11 10,0000 —-3,0365 -2,4100
Eot01-01 1z 10,2500 —5,0556 —2,4099
Bot01-01 13 10,5000 -3,0524 -2,4100
Eot01-01 14 10,7500 —5,0556 —2,4099
Bot01-01 15 11,0000 —3,0365 -=2,4100
Eot01-01 16 11,2500 —5,0902 —2,4104
Bot01-01 17 11,5000 —3,0940 -=2,4100
Eot01-01 15 12,6875 -5,1102 —2,4013
Bot01-01 19 13,8750 -3,1182 -=2,4100
B ot01—01 z0 15,0625 —5,1145 —-2,4411
Bot01-01 21 16,2500 —3,0940 -=2,4100
Bot01-01 == 17,4375 —3,0498 -2,5341
Bot01-01 =3 18,6250 -2, 9522 —2,2387
Bot01-01 24 19,8125 —2,8952 —-2,1345
Bot01-01 =5 21,0000 —=,8000 -2,0Z65
Eot01-02 0 139,5000 0,0000 47,0000
Bot0l1-02 1 0,0000 Z,5000 -2,0Z65
Eot01-02 = 1,1875 28962 —-2,1345
Eot0l1-02 E] 2,3750 z 9822 —2,2387
Eot01-02 4 3,5625 53,0493 -2,5341
Eot0l1-02 s 4,7500 35,0940 —2,4100
Eot01-02 [ 5,9375 31145 -2,4411
Eot0l1-02 7 7.1250 311582 —2,4100
Bot01-0z =] 5,3125 31102 -2,4013
Eot0l1-02 ] 29,5000 35,0940 —2,4100
Bot01-02 10 9.7500 3.0902 —2.4104

Figure 44. Table of tendon coordinates



ADVANCED APPLICATIONS

Checking tendon elongation.

Checkthe tendon elongations in atable.

Results /Result Tables / Tendon/ Tendon Elongation

Tendon Elongation Element Elongation Summation
Tendon Name Stage 3tep Eegin End Eegin End Eegin End
{m) {m3 {m3 {m3 {m3 {m}
C316 0o first 0,0000 01341 0,0000 0,0002 0,0000 01343
Bot0l-02 CE16 001 first 0,154 00,0000 0,0002 10,0000 0,1343 00,0000
Botl1-03 CE16 001 first 0,1357 0,0060 0,0002 0,0000 0,1360 0,0050
Baot0l-04 C516 001 first 0,1357 10,0060 0,0002 10,0000 0,1360 10,0060
Eat01-05 CE16 001 first 0,1928 0,0064 0,0005 10,0000 0,1931 10,0065
Botol-06 CE16 0o first 0,1928 0,0064 0,0003 0,0000 0,193 0,0065
Botl-07 CE16 o01{first 0,2536 0,0071 0,0004 0,0000 0,2540 0,0071
Bot0l-0& C516 001 first 0,2536 0,0071 0,000 10,0000 0,2540 0,0071
Baot01-09 CE16 001 first 03114 0,0092 0,0005 10,0000 0,3119 0,0092
Bot01-10 CE16 001 first 0.3114 0,0092 0,0005 0,0000 05119 0,0092
Botol-11 CE16 001 first 03622 00125 00,0006 0,0000 0,3625 00125
Bot0l-12 CE16 001 first 0,3622 0,0125 10,0006 10,0000 00,3625 0,0125
Bot01-13 CE16 001 first 04103 0,0169 0,0007 10,0000 04109 0,0169
Bot01-14 CE16 001 first 04103 0,0169 0,0007 0,0000 0,4109 0,0169
Eot0l-15 C516 001 first 0,4556 00212 0,0007 10,0000 0,45635 0,0213
Eot0l-16 CE16 001 first 00,4556 00212 0,0007 10,0000 0,4565 0,0215
Bot0l-17 CE16 0o first 0,4504 0,0218 0,0007 0,0000 0,4511 0,0218
Botl1-15 CE16 001 first 0,4504 0,0219 0,0007 0,0000 0,4511 0,0219
FSMEot1-01 C514 001(last) 10,0000 0,1946 00,0000 0,0003 00,0000 0,1945
FEMBot1-02 C514 001(last) 10,0000 0,1946 00,0000 0,0003 00,0000 0,1949
FSMBot1-03 CE14 001{last) 0,0000 0.2281 0,0000 0,0004 0,0000 0,2285
FSMBot1-04 CE14 001{last) 0,0000 0,2281 0,0000 0,0004 0,0000 0,2285
FEMEot1-05 CE14 001¢last) 10,0000 0,2515 00,0000 0,0004 00,0000 0,2520
FEMBot1-06 C514 001{last) 10,0000 0,2515 00,0000 0,0004 00,0000 0,2520
FSMBot1-07 CE14 001{last) 0,0000 0.2524 0,0000 0,0005 0,0000 0,2529
FSMEot1-08 CE14 00{last) 00,0000 0,2524 0,0000 0,0005 0,0000 0,2529
FEMEot1-09 C514 001¢last) 10,0000 0,2985 00,0000 10,0005 00,0000 0,2955
FEMBot1-10 C514 0oi{last) 10,0000 0,2933 0,0000 0,0005 0,0000 0,2935
FSMBot1-11 CE14 001{last) 0,0000 0,2961 0,0000 0,0005 0,0000 0,29656
FSMEot1-12 C514 001{last) 10,0000 00,2961 00,0000 0,0005 00,0000 10,2966
FEMBoOt1-13 C514 001(last) 10,0000 0,2935 00,0000 10,0005 00,0000 0,2943
FSMBot1-14 CE14 001{last) 0,0000 0,2938 0,0000 0,0005 0,0000 0,2943
FSMBote-01 CE14 001{last) 0,0000 0,1946 0,0000 0,0003 0,0000 0,1949
FSMEatz-02 C514 001(last) 10,0000 0,1946 00,0000 0,0003 00,0000 0,1945
FEMBot2-03 C514 001{last) 10,0000 0,2281 00,0000 0,0004 00,0000 0,2285
Ecuimeaninn _ 12 FYeETII oonon FErre oonnn ooonng oonnn nange

Figure 45. Tendon elongation table
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Checking tendon arrangement.

Effective prestress and prestress forces in tendons are tabulated as per tendon groups
and construction stages.

The distance from the center of tendon group to the section centroid, directional cosine
of tendon placement, vertical and horizontal components of tendon forces, etc. are
tabulated.

Results /Result Tables /Tendon/ Tendon Arrangement

Elem Part Tendon Yp ‘ Zp ‘ Average Sin & Average Cos & Average Stress Average Force
Number im) (m3 ([degl) ([degl} {tanf/me} (tonf)
The arrangement data for tendon group [Top-P 1-1] at the stage of [C31]
Top-F 1-1 Apply
[l ] 0 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
T o 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
gl 1] 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000
glJ o 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
al 1] 0,0000 10,0000 10,0000 0,0000 00,0000 0,0000
alJ o 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
101 o 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
10 1] 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000
1111 o 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
11J 1] 0,0000 10,0000 10,0000 0,0000 00,0000 0,0000
121 o 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
124 o 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
131 o 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
134 o 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
1411 1] 0,0000 10,0000 10,0000 0,0000 00,0000 0,0000
140 o 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
151 o 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
154 o 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
161 o 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
16J 1] 0,0000 10,0000 10,0000 0,0000 00,0000 0,0000
171 o 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
174 o] 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
181 o 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
184 o 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
1911 2 —3,3250 30213 01283 0,9917 126400,1904 3331024
19.J 2 -5,3250 35389 01283 0,9917 124233,5559 327,3927
2011 2 —3,3250 35369 0,0000 1,0000 124242 2812 JET,4157
200 2 -5.3250 35389 0,0000 1.0000 124173,3807 3272341
2111 2 —3,3250 35369 0,0000 1,0000 124173,0406 3272332
214 2 —3,3250 35359 10,0000 1,0000 1236158,5179 3257719
221 2 -5,3250 35389 0,0000 1,0000 123618,8587 3257728
EZ | 2 —3,3250 353689 0,0000 17,0000 123450,1064 FE5,3281
231 2 -5.3250 35389 -0.1283 -0.9917 123441,3663 325,3050
3 2 —3,3250 30213 —0,1283 -0,9517 120877, 7635 18,5492
<[> |\ Tendon Arrangemenet {Tendon Group} / <
Result-[Tendon Arrangement (Tendon Group)]

Figure 46. Tendon arrangement table



ADVANCED APPLICATIONS

Checking pretension losses in tendons.

Tension losses due to friction, anchorage draw-in, elastic shortening, creep, shrinkage
and relaxation are generated.

Results /Result Tables / Tendon/ Tendon Loss

Stress Stress{Elasti )
o | | hteriicame | e Depm. | LG coentrient | g o SISO L,
Ctont/ms) (tonf/me=) Iate Loss) {tonf/me) Immediate Loss)
The Loss of tendon group [Top-P 1-1] at the stage of [C51]
Top—F 1-1 cs1 Apply
> [ 0,0000 10,0000 0,0000 ,0000 0,0000 0,0000 0,0000
1 il 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0.0000
1 Bl 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
1 5J 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
1 all 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0.0000
1 alJ 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
1 0]l 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0.0000
1 100 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0.0000
1 1]l 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
1 110 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0.0000
1 121 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0.0000
1 1z)J 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
1 131 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0.0000
1 13 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0.0000
1 141 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
1 140 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0.0000
1 15]1 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0.0000
1 1504 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
1 16]1 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0.0000
1 16 00000 00000 0,0000 0,0000 00000 0,0000 0.0000
1 171 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
1 170 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0.0000
1 18]l 00000 00000 0,0000 0,0000 00000 0,0000 0.0000
1 18 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
1 9]l 1281881757 94.7574 1.0007 -522,9232 -1359,7995 0.9561 20000
1 180 125617.3529 2100121 1.0017 -459,1688 ~1534.6503 0.9574 20000
1 20]| 1258173629 21,2405 1,0017 -456.5719 -1534,6503 0,9575 2,0000
1 20) 125697.0976 243.2581 1.0019 -433.6005 -1333.3745 0,9879 20000
1 21]| 125697.0976 241.5349 1.0M8 -432.2173 ~1533.3745 0.8579 20000
1 210 125134,4261 241,465 1,0019 -429,9489 -1527,4058 0,9579 2,0000
1 22]| 1251344261 2431697 1.0019 -431,3512 -1327.4058 0,9879 20000
1 22)) 125013,5458 2161142 1,0017 -453,4301 -1326,1235 0,8875 2,0000
|—=3m | Tesorsmass 209, 5666 1,0017 -455,3421 —15326,1255 0,9574 2,0000
MLOSSMTEndOn Loss (Force) I3
Force Force(Elastic
Elem | Part | (After mmediate Elasl_t‘ljcsgefaorm. Loss)/ CrEBD/LSUZZHkBQB Relesziien Loss ;Uorrg::((mt:rr \fnllnLe?jS\:t);’ Effective Hum,
Loss): & (tanf) Force{lmmedi ftanf) {(ton o)
(tonf) ate Loss)
The Loss of tendon group [Top-P 1-1] at the stage of [CS1]
| Top-P 1-1 c51 Ay |
Bl ] 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
_ T 0,0000 0,0000 0.0000 10,0000 0,0000 0,0000
_ 8l 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
] 8|J 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
all 0,0000 0,0000 0,0000 10,0000 0,0000 0,0000
alJ 0,0000 0,0000 0,0000 10,0000 0,0000 0,0000
_ 10]1 0,0000 0,0000 0,0000 10,0000 0,0000 0,0000
_ 100 0,0000 0,0000 0,0000 10,0000 0,0000 0,0000
_ 1]l 0,0000 0,0000 0.0000 10,0000 0,0000 0,0000
_ 1)) 0,0000 0,0000 0.0000 10,0000 0,0000 0,0000
_ 12|l 0,0000 00000 0.0000 10,0000 0,0000 0,0000
_ 12)d 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
131 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
13)J 0,0000 0,0000 0,0000 10,0000 0,0000 0,0000
] 141 0,0000 0,0000 0,0000 10,0000 0,0000 0,0000
_ 14)) 0,0000 0,0000 0,0000 10,0000 0,0000 0,0000
_ 15]1 0,0000 0,0000 0,0000 10,0000 0,0000 0,0000
_ 15)J 0,0000 0,0000 0.0000 10,0000 0,0000 0,0000
_ 151 0,0000 0,0000 0.0000 10,0000 0,0000 0,0000
_ 16| 0,0000 00000 0.0000 10,0000 0,0000 0,0000
_ 171 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
1704 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
] 18]l 0,0000 0,0000 0,0000 10,0000 0,0000 0,0000
18)J 0,0000 0,0000 0,0000 10,0000 0,0000 0,0000
_ 18]l 3378143 0,2497 1,0007 -1,5751 0,9561 2,0000
_ 18)J 331,5665 0,5534 1,0017 -1,2100 0,9574 2,0000
_ 0]l 3315665 05699 1.0017 -1,2035 0.8575 2,0000
_ 20)d 331,2496 0,641 1.0019 -1.1427 0.9579 2,0000
_ 21| 331,2496 06365 1.0019 -1,1390 0.9579 2,0000
_ 21)J 32,7668 0,6363 1,008 -1,1330 0,9379 2,0000
] 22| 32,7668 0,5408 1,0019 -1,1367 0,3579 2,0000
22]J 329,4482 0,5695 1,0017 -1,1949 0,35875 2,0000
25| 328,4482 0 1,0017 -1,2015 . 0,9574 2,0000
<[> |\ Tendon Loss (Shess) A Temdon | oss (Forcers 13

Figure 47. Tendon loss (stress and force) tables
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Deformation at a specific construction stage.

MID AS/Civil provides a function, which enables us to check the deformation of the
structure at a specificstage. We will checkthe deformation atconstruction stage 13.

Results /Deformations / £ Deformed Shape
Load Cases/Combinations>CS: Summation
Components>DXYZ
Type of Display>Legend, Current Step Displ. (on) d
For displaying the accumulated deformation up to the current stage:
Type of Display>Current Step Displ. (off) 4
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Figure 48. Deformation at a specific construction stage



ADVANCED APPLICATIONS

Resulting member forces at a specific construction stage.

MID AS/Civil provides a function, which enables us to check the member forces of the
structure at a specific stage. For checking the forces, we will activate “Output of
Current Stage (Beam/Truss)” in “Construction Stage Analysis Control”. We will check
the memberforces for construction stage 13.

Results /Forces / /| Beam Diagram
Load Cases/Combinations>CS: Summation
Components>My
DisplayOptions>5 Points, Solid Fill, Scale (1.0)
Type of Display> Legend, Contour, Current Step Force (on) .
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Camber check.

In order to produce a camber graph, we need to select element and node groups
corresponding to girders, supports and key segments. FCM Bridge Wizard
automatically defines all the groups required for camber results. Select Camber
Control groups to check cambers.

Results /Bridge / Camber/Reaction /FCM Camber Control
Bridge Girder Element Group>Bridge Girder
SupportNode Group>SupportNode
Key-SegmentElem. Group>KeySegAll .

Results /Bridge / Camber/Reaction /FCM Camber Graph View
CamberLoad Case>Summation (on)

W%

Select load cases to combine Bridge Girder Element Group : |BridgeGirder :r
Support Node Group @ Supportiode [w
DTEFIEIDFI Primar'.‘-" L Key-Segment Elem, Group @ |KeySegall :v
[]Tendon Secondary '
[CCreep Primary ok Cancel

[Creep Secondary
[5hrinkage Primary
[15hrinkage Secondary

[wSurnrnation -

[} (0] 4 Cancel

Camber Control Graph
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Figure 50. Camber graph



ADVANCED APPLICATIONS

Camber control management.

Check the camber table, which will be used to manage cambers during construction.
Camber tables are produced for each FSM zone and pier. In this example, FSM1 &
FSM2 (pages 1 & 4, respectively) and Pier 1 & Pier 2 (pages 2 & 3, respectively) are
generated.

Results /Bridge / Camber/Reaction /FCM Camber Table
CamberLoad Case>Summation (on)
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Figure 51. Camber control table

55



Construction stage analy sis using FCM Wizard

56

Checking element properties by construction stages.

For each construction stage, element properties (start maturity age, end maturity age,
Modulus of Elasticity at start & end, accumulated shrinkage strain and accumulated
Creep Coefficientare tabulated.

Stage refers to the Construction Stage at which elementproperties are generated.

Stage>CS14 (In model view)
Results /Result Tables /Construction Stage / ElementProperties at Each Stage

<[ \Element Properties at Each Stage /

Elem Start Age End Age ‘ Sta(rttoilf?fntlg:'ty Ena;'ﬁfﬂ:’;'ty Csuhn;iﬁlfatg: Creep Coeff,
The Element properties at the stage of [CS14],
Stage cs14 Apply

» 120,00 120,00 36688432,1275 36688432,1275 0,0000 0,0000
| z 120,00 120,00 3666432.1276 3666432.1276 0,0000 0,0000
| £ 120,00 120,00 3655432,1276 3665432,1276 10,0000 0,0000
| 4 120,00 120,00 3638432,1276 3638432,1276 0,0000 0,0000
| 5 120,00 120,00 3666432.1276 3666432.1276 0,0000 0,0000
| & 70,00 70,00 3620185,4906 3620185,4306 0,0000 0,0000
| 7 95,00 95,00 3660340,6305 3660340,6305 -0,0000 08072
| & 107.00 107.00 36753140992 36753140992 ~0,0000 09398
| g 118,00 118,00 36374954461 36374954461 -0,0000 09595
| 10 131,00 131,00 3697999.9343 3697999.9343 -0,0000 03968
| 11 143,00 143,00 3707174.5018 3707174.5018 ~0,0000 1,0222
| 12 155.00 155.00 3715280,7292 3715280,7292 -0,0000 1,0458
| 15 167.00 167.00 3722511,6334 3722511,6334 -0,0000 1.0679
| 14 178,00 178,00 3728014,6211 3728014,6211 -0,0000 1,056
| 15 151,00 191,00 3734904.4339 3734904.4339 -0,0000 1,1083
| 16 205,00 205,00 3740272,1344 3740272,1344 ~0,0000 1,1269
| 17 215,00 21500 37451906407 37451906407 -0,0000 1,1445
| 18 227.00 227.00 3749719,4355 3749719,4355 -0,0000 11613
| 19 243,00 243,00 3757T167,2682 375T167,2682 -0,0000 09579
| 20 248,00 248,00 37571672662 37571672662 -0,0000 03573
| 21 248,00 248,00 37571672662 3757162662 ~0,0000 09579
| 2z 243,00 243,00 37571672682 37571672682 -0,0000 09579
| 25 243,00 243,00 37571672662 37571672662 -0,0000 09579
| 24 227,00 227,00 3749719,4955 3749719,4955 -0,0000 1,1613
| 25 215,00 215,00 37451906407 37451906407 -0,0000 1,1445
| 26 203,00 203,00 3740272,1344 3740272,1344 -0,0000 1.1269
| 27 151,00 191,00 3734904,4339 3734904,4339 -0,0000 1,1083
| 28 173,00 173,00 3723014.6211 3723014.6211 -0,0000 1,0856
| 28 167,00 167.00 3722511,6334 37225116334 ~0,0000 1,0579
| 30 155.00 155.00 3715280,7292 3715280,7292 -0,0000 1,0458
| 31 143,00 143,00 3707174.5018 3707174.5018 -0,0000 1.0222
| 32 131,00 131,00 3697999,9343 3697999,9343 -0,0000 09968
| 33 113,00 118,00 36E7495.4461 36E7496.4461 -0,0000 09695
| 34 107,00 107,00 3675514,0992 3675514,0992 ~0,0000 09395
| 35 95,00 95,00 3660940.6305 36E0940.6305 -0,0000 09072
| 36 35,00 35,00 3503557.2435 3503557.2435 -0,0000 0,6601
| 39 47,00 47,00 3557654,8699 3557654,8699 -0,0000 07284
40 58,00 58,00 3584735.2196 3584735.2196 -0,0000 07837

Figure 52. Element properties at construction stage 14



ADVANCED APPLICATIONS

@ *out file, which is
generated after analysis,
contains the properties
of transformed sections
at each construction
step.

Section properties at the last construction stage.

When construction stage analysis is performed, transformed section properties at the
laststage are tabulated ©.

The properties of transformed sections, which include tendons, vary with tendon
properties, grouting timing and the change in modulus of elasticity of concrete.

Since the transformed section properties are generated at the last stage, it is easy to
check the properties in “PostCS” (completed stage). These properties can be used to

calculate stresses due to additional loads such as moving loads, temperature loads, etc.

Stage>PostCS (in model view)
Results /Result Tables /Construction Stage / Beam Section Prop. at Last Stage
Beam Element(1to76) ; Part>,J

Translational Distance
Area I I lzz ¢ Cym (&) Cem Whrea
Elem | Part (e ) rg.y) ) (r{)p (r{,) (,.,3 tm (me) Localy Local-z
(m) (m)

| 85730 20,2220 91449 89,4820 £,3500 £,3500 1,051 16389 84857 0,0000 01,0096
[ 14 85730 20,2220 9,248 895872 £,3500 £,3500 10701 16299 84857 0,0000 00145
[ il 85348 20,2220 9.2636 89,7582 £,3500 £,3500 10724 16276 84857 0,0000 -0,0169
[ 2 8,548 pulkei] 9.2831 89,7515 £,3500 63500 10738 16261 84857 00000 00183
[ El 8,6166 pulkei] 43117 89,9225 £,3500 63500 10762 16238 84857 00000 00207
[ 34 8,6166 pulkei] 9,341 9,854 £,3500 63500 10776 16224 84857 00000 00z
[ 4l 88384 pulkei] 4.3597 40,0884 £,3500 63500 1,078 1,820 84857 00000 00244
[ 4 88384 pulkei] 4,3888 40,0204 £,3500 63500 10814 16186 84857 00000 00258
| 5l 8384 pulkeki] 4,3888 40,0204 £,3500 63500 10814 16186 84857 00000 00258
[ 5 6,5364 20,2220 9,3689 90,0204 £,3500 63500 10614 16186 B4a7 0,0000 -0,0258
[ [} 6,5364 20,2220 4,3690 90,0204 £,3500 63500 10614 16186 B4a7 0,0000 -0,0258
[ 6 6,5364 20,2220 4,3690 90,0204 £,3500 63500 10614 16186 B4a7 0,0000 -0,0258
[ il 6,8602 20,2220 4022 90,3110 £,3500 63500 10734 16206 B4a7 0,0000 -0,0239
[ it 6,8602 20,2220 94070 90,5023 £,3500 63500 10791 16209 B4a7 0,0000 00235
[ Ll 6,8821 20,2220 94202 90,6985 £,3500 63500 1071 16229 B4a7 0,0000 00216
[ 8 87357 20,765 94,7108 08521 £,3500 £,3500 10922 16384 85304 0,0000 -0,0203
[ 9l 87575 20,765 9.7188 41,2673 £,3500 £,3500 10853 16847 85304 0,0000 -0,0140
[ 94 88186 22,5180 106627 92,4956 £,3500 £,3500 11338 16888 87005 0,0000 00122
[ ol 8,9404 22,5180 106721 92,8114 £,3500 £,3500 11274 16952 87005 0,0000 -0,0057
[ 0 9.2083 25,5130 12,3657 94,7787 £,3500 £,3500 1,2083 17670 B,3689 0,0000 -0,0032
[ 1l 94,2308 55130 12.3782 95,0845 £,3500 £,3500 12022 17738 9669 00000 00036
[ 1y 4.8084 29532 15,0163 97,8500 £,3500 63500 13184 18712 9348 00000 00084
[ 12l 98282 29532 15,0348 93,1658 £,3500 63500 13123 18783 9348 00000 00135
[ 124 101113 36,0845 18,8077 1016900 £,3500 63500 14867 1,889 ageTs 00000 00172
[ 131 10,1331 36,0845 18,9354 102,008 £,3500 63500 1.4581 20075 ageTs 00000 00248
[ 134 10,7236 44,0808 24,4365 1063484 £,3500 63500 16524 21514 104183 00000 00284
[ 141 10,7236 44,0608 244392 106,4689 £,3500 63500 16470 21988 104183 0,0000 00348
[ 14 114215 54,2403 32,0632 111,6020 £,3500 63500 18617 23208 11,1161 0,0000 00387
[ 19 114215 54,2403 320737 11,6273 £,3500 63500 14758 23289 11,1161 0,0000 00454
[ 19 12,2267 66,7301 42,5647 1174419 £,3500 63500 2154 25080 11,9213 0,0000 00487
[ 161 12,2485 66,7301 42,639 17,7324 £,3500 63500 21511 25113 11,9213 0,0000 00530
[ 16 131611 81,7449 96,7728 1243760 £,3500 63500 24734 anoe 126339 ~0,0000 00577
[ 171 131829 81,7443 58757 1245723 £,3500 £,3500 24633 2138 128339 01,0000 00613
[ 174 142028 93,3485 75,6568 131,965 £,3500 £,3500 28373 25289 138539 0,0000 00660
[ 18 142246 93,3485 T5.7963 1322561 £,3500 £,3500 28335 29328 138539 0,0000 00633
[ 18 15,3519 1189573 1004812 1404276 £,3500 £,3500 32464 31837 143812 0,0000 00748
[ k1 15,305 1189573 100,858 1409143 £,3500 £,3500 32381 31921 143812 0,0000 00832
[ 194 16,4281 13,2333 127.4130 145,3983 £,3500 £,3500 36206 33782 160138 00000 00881
[ a0 16,4281 13,2333 127.4130 145,3993 £,3500 63500 36206 33782 160138 00000 00881
Ml 1R 4781 1387353 177 4430 147 395 £3500 £3500 £I00R 35379 1AM AR . AR

["7\Beam Section Properties at Last Stage / |8

w\kesult-[ﬂeam Section Properties at Last Stage],

Figure 53. Element properties at construction stage 14
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Construction stage analy sis using FCM Wizard

§  We switch to the
PostCS, as the load
combinations can
be defined or
deleted in only Base
Stage or PostCS
Stage.
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Checking member forces resulting from load combinations.

Once the PSC box bridge has been constructed, wearing surface, live load,
temperature change, support settlement, etc. need to be combined with the effects of
construction dead load. Structural analysis for loads other than the Construction Stage
Load is carried out in the PostCS Stage (final stage). Such PostCS loads can be
combined with the results of the construction stage analysis. Since we have not
specified anyload other than the construction stage load in this example, we will define
load factors for the construction stage loads and check member forces. First, we will
define the load combinations.

Stage>PostCS ¢

Results /Load Combinations
Active (on) ; Name(Dead) ; Type>Add
Load Case and Factors >Dead Load (CS) ; Factor (1.3)
Load Case and Factors >Erection Load (CS) ; Factor(1.3)
Load Case and Factors >Tendon Secondary (CS) ; Factor(1.0)
Load Case and Factors >Creep Secondary (CS) ; Factor (1.3)
Load Case and Factors >Shrinkage Secondary(CS) ; Factor (1.3)

& |Load Combinations i i

General | Steel Design Concrete Design SRC Design

Load Combination List Load Cases and Factars

.| No [ Name | Active | Type Description | | LoadCase | Factor |

A Active  Add J Dead Load 1.3000

¥ | __|Erection L 1,3000
¥ |Tendon s  [ENENGENEE
__|creep Sec 1.3000
| Shrinkage 1.3000
*

Copy Ipart... fuko Generation, .. Spread Sheet Form Copy into Steel Design v
File Mame: |CiDocuments and SettingsWuserttHEE 213 Browse Make Load Combination Sheet Close

Figure 54. Definition of load combinations



ADVANCED APPLICATIONS

Checkbending momentdiagram due to factored load combination.

Results /Forces/ = Beam Diagrams
Load Cases/Combinations>CB: Dead
Components>My
DisplayOptions>5 Points, Solid Fill, Scale (1.0)
Type of Display>Contour (on) ; Legend(on) .
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Figure 55. Bending moment diagram

59



