Advanced Application 1

Construction Stage Analysis
of MSS using the Wizard

\/,



CONTENTS

Summary
Bridge Dimensions and General Section/ 2

Construction Sequence forMSS / 3
Material Property and Allowable Stress /4
Loads /4

Assign Work Environment

Define Material Properties

Modeling using MSS Bridge Wizard

Input Section Properties for PSC box / 10

Input Tendon Arrangement/ 14

Modify Existing Data and Input Additional Data -

Define Construction Stage/ 19
Input Additional Loads /21

Define and Link Time Dependent Material Properties /29

Perform Structural Analysis

Review Analysis Results
Review Stress and Section Force by Graph / 36

Stress Review using Tables /41
Review Prestress Loss/42
Review Tendon Coordinates /43
Review Tendon Elongation/ 44

Review Section Forces by Load Combination/45

34

35



Construction Stage Analy sis of MSS using the Wizard

Summary

Two construction methods, MSS (Movable Scaffolding System) and FSM (Full
Staging Method) are used to construct PSC box bridges span by span. In the MSS
method, concrete is poured onto the formwork that is supported by the MSS. Hence,
false work and shoring are not necessary. In addition when using this method, the
space under the new bridge being constructed can be used without being obstructed
by an existing river or roadway.

The structural system of the PSC Box Bridge, which is constructed using the MSS
or FSM method, changes at each construction stage. Hence, structural analysis
should be performed for each stage, and the sectional stability for each stage must
be checked. To consider time dependent characteristics for the concrete and
relaxation of the prestressing strand precisely, accumulated analysis results for the
preceding construction stages are required for each subsequent construction stage.

In this tutorial, the procedure for performing construction stage analysis of a PSC
Bridge using the MSS method, will be discussed. Analytical results, such as
stresses, prestress losses, deflections and section forces for each construction stage,
will be reviewed.

Fig. 1 Analytical model (at completion stage)
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Bridge Dimensions and General Section

The general description of the analytical model is as follows:

Bridge type: 11 span continuous PSC box bridge (MSS)
Bridge length: L = 10@50.000 =500.000 m

Bridge Width: B = 12.600 m (2 lanes)

Skew: none

Horizontal Radius: R = 2380.000 m
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Fig. 2 General Section
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Con

The construction sequence forthe MSS method is as follows:

struction Sequence for MSS

Stage 1: Preparation stage for dismantling formviork after casting concrete

Stage 3: Advancing stage for assembling formwork in the next spa
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Stage 4: Assembling formwork for casting concrete in the next span
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Fig. 4 Construction sequence
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In the MSS construction stage analysis, construction sequence shown above should
be followed precisely. In construction stage analysis, each construction stage is
defined through activation/deactivation of Structure Groups, Boundary Groups
and Load Groups. The procedure for performing construction stage analysis using
MSS can be summarized as below. Of the steps given below, steps 2 to 8 are

performed automatically when usingthe MSS Bridge Wizard.
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Define material and section properties
Structural modeling

Define and compose Structure Group

Define and compose Boundary Group
Define Load Group

Load Input

Tendon Placement

Prestressing

Perform Structural Analysis
Review Output

Define and link Time Dependent M aterial Properties
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Material Property and Allowable Stress

»  Superstructure Concrete
ASTM Grade C6000

» Prestressing Strand -®15.2 mm (0.67strand)
Yield Strength: f,, = 1600000 kN/m?
Ultimate Strength: f,, = 1900000 kN/m’
Elastic Modulus:E =2.0 x 10° kN/m’

Initial Stress: f,;=0.7f,,=1330000 KkN/m?
Anchorage Slip: As=6 mm

Friction Coefficient: pn=0.30/rad
Wobble Coefficient: k =0.006/m

Loads
» Dead Load
Self-weight
Input Self-weight
Superimposed dead load
w=38.00 kN/m

» Prestress
Strand (¢15.2 mmx22 (0.6 22))
Area: A, =1387 x 22=30514 cm’
Duct Size: 110/113 mm
Prestressing force: Jacking 70% of tensile strength
foj = 0.7 foy = 1330000 kN/nt?
Pi=A, % fpj =4058.362 kN
Prestressing losses after the initial loss are automatically calculated by the
program

Friction loss: P, =P, -e ¢
p=0.30, k=0.006
Anchorage Slip Loss: Al, =6mm
Elastic Shrinkage Loss: AP. =Af, -Ag,
Final Loss (automatically calculated within the Program)
Relaxation
Creep and Shrinkage Loss

» Creep and Shrinkage
Cement: Normal Cement
Concrete age when long term load is acting: t.=5 days
Concrete age when concrete is exposed to air: t; = 3 days
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Relative Humidity: RH =70 %

Air or Curing temperature: T =20°C

Applied Code: CEB-FIP
Creep Coefficient: automatically calculated within the Program
Shrinkage Coefficient: automatically calculated within the Program

Rear Cross Beam Reaction
Assume rear cross beam reaction dueto the MSS girder self-weight as follows:
P =4000 kN
Location: 3 m from the construction joint
Reactions due to self-weight of wet concrete: calculated automatically by the
program.
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Assign Work Environment

For the construction stage analysis, open a new file (C'New Project) and save (E
Sawe) as ‘MSS’.

And assign the unit system to ‘kN’ and ‘m’. This unit system can be changed
arbitrarily for the user’s convenience.

Click on E - [ New Project
d Save (MSS)

% The unit system can be Tools / UnitSystem“ NIT
changed by clicking the

unit selection button (
Tl) in the Status bar at
the bottom of screen.

Unit
System

Length> m; Force (Mass)>kN (ton)

Unit System IEI
Length Force (Mass) Heat
f* m N (ka) " cal
o Lt )  keal
" kof
"~ mm kaf () f« 1
{~ tonf (ton)
C ft O bf (b L
" in " kips (kips/a) " Btu
Temperature
¥ Celsius {~ Fahrenheit
Mote : Selected units are displayed in relevant
dialog boxes. Values are NOT changed with
Hnits.
[ SetfChange Default Unit System
oK | Apply | Cancel

Fig. 6 Assign unit system
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Define Material Properties

@ The PSC box section is
defined within the MSS
Wizard, and need not
be defined separately .

@It is more convenient to
use the U button
when multiple properties
are defined at the same
time.

Define material properties for PSC box girder and tendon.

Properties / Material Properties

Material
Properties

Material

Typeof Design>Concrete; Standard>ASTM(RC)

DB>Grade C6000.1 *

Name (Tendon); Typeof Design>User Defined; Standard>None

Analysis Data

M odulus of Elasticity (2.0e8) 4

Properties

Material | Section | Thickness |

10 [ Name [ Type [stndad [ DB
1 GradeC6000 Concrete  ASTMIRC)  Gradk
2 Tendon User Def

Add...
Modify.

Delete
Copy
Import
Renumber

7
g

Close

Elastcity Dats

Type of Desian

Type of Material
 Tsotropic

Thermal Coeffigent ©

Weight Density

B Name  [Tendon
User Defined
Userbefned 7]
sondard Jone 7]
= o8
e Conrete
Ocfined | | sendars [ ]
Code
 orttropc 08
K2
o
0.00008+000. 17c]
0 kNjm?
0 kNjm3g

[~ Use Mass Density
Concrete:

Moduus of Blasticty

Poisson's Ratio

Thermal Coefficent ¢

Weight Density

r

Plastity Data
Plastic Material Nome

Thermal Transfer
Spedific Heat
HeatConduction

Damping Ratio

NonE ~

o JfaIc]
0 Ijmhr-[C]

Fig. 7 Material property input dialog box
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Modelingusing MSS Bridge Wizard

@ The Movable Scaffolding
Reaction is the reaction
from the seff-weight of the
MSS girder that acts on
the rear cross beam.

Perform modeling the MSS Bridge using the MSS Bridge Wizard function. The
MSS Bridge Wizard consists of three tabs — Model, Section and Tendon.

Input Model Data

The MSS Bridge and FSM Bridge Wizards automatically create models and
construction stages for the MSS and FSM Bridges, respectively. The difference in
construction stage analysis between MSS and FSM is the method of supporting the
wet concrete and self-weight of formwork. In the FSM method, wet concrete and
self-weight of formwork are supported by shoring and, hence, the PSC box girders,
which have been already constructed, are not affected by them. On the other hand,
in the MSS method, the weight of the wet concrete and self-weight of formwork is
transmitted to the overhanging parts of the constructed PSC box girders through the
rear crosshbeam. This prevents uneven deflection across the construction joint. The
key difference between the MSS and FSM can be summarized as “the method in
which the wet concrete and self-weight of formwork are supported during
constructjon”. If the MSS Bridge Wizard is selected and the Movable Scaffolding
Reaction¥ is entered, this reaction is automatically calculated and inputted as a

construction stage load.

Rear Cross Beam

i

-
&

Calculate reaction due to the weight of wet concrete l l l l l l l l L l l l
[€]
RCI

l Load MSS girder reaction and
s e p T T T e T T T self-weight of the wet concrete

Fig. 8 Reaction acting at Rear Cross Beam

Rc + MSS
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Select the MSS Bridge Wizard and input bridge material, span layout, horizontal
curvature radius, location of fixed support, location of construction joint,
@In this example, it & construction duration for each span (20 days 0)and initial age for PSC box girder.
assumed that 15 days
will  be required for

installing  formwork,  If MSS Bridge Wizard is selected, the difference between the Stage Duration and

rebars - and —sheaths, |njtjg] Member Age is calculated in the program to define Additional Steps, and
and 5 days will be

required for pouring and  th€N the reactions due to self-weight of MSS girder and wet concrete are applied.
curing concrete. Hence,
a total of 20 days per
each segment is
assumed.

Structure /  [B= MSS Bridge
Model tab
Bridge Model Data Type>Typel ; Bridge Material>1: Grade C6000

Span(L)>10@50 ; Radius (on)>2380; Convex (on)
@In MIDAS/Civil, the load

that has a time lag in the Fixed Support>250(50) ; SegmentDivision per Span>10
same strudural system Cold Joint (S3)>0.2 ; Anchorage(S4)>3

can be defined by using . X

Additional Steps without Diaphragm(S5)>1; Stage Duration>20

having to define a different
construction stage. More
detailed explanations can

Initial Member Age>5 ; Movable Scaffolding Reaction>4000 4

be found in Functions of : :
MS5 Bridge Wizard
Civil > Construction Stage ridge zar @
Analysis Data > Define Bridge Model Data Type
Construction Stage in the " Type2
Online help.

Model | Section ] Tendon ]

| Span<Li} Span<L2>
Diaphragm Cold Joint

A A A
Fssssssssss

I HeE—3
s4

@A cuved MSS bridge is T Y ———

modeled by checking 83

on Rad_ius and inputting - —

the radius. Bridge Material : | i |1: Grade C&000 j J
spaniL) : | @50 m (ex: 30, 40, 5@50)

: 'T m (* Convex " Concave

Fixed Support : {230 (s0) ~|
Segment Division per Span : | 10 ::l
Cold Joint {53) :[0.2 L2 (Span)
Anchaorage(54) : | 3 m
Diaphragm(55) : | 1 m
Stage Duration : | 20 ::I day(s)
Initial Member Age : |5 ::I day(s)

Movable Scaffolding Reaction : | 4000 kN

Open... | Save As... | OK | Cancel

Fig. 9 Model Tab in the MSS Bridge Wizard
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Input Section Properties for PSC box

Input the section properties for the general section and construction joint section.
Input the section properties for the general section referring to Fig. 11. The defined
section shape can be reviewed by selecting Drawing under the View Option.

Section tab

Center tab

H1(0.2); H2(2.75); H3(0.3); H4 (0.3)

H5(0.2); H6(054); H7(0.2); H8 (0.25)
B1(2.75); B2(0.75); B3(2.8); B4 (1.75)

B5(1.7); B6(1.2) B7(0.988); B8 (1.45)

View Option>Drawing

MSS Bridge Wizard ==
Bridge Model Data Type
= Typel " Type2
@PSC box section for Hedel (Gt renen |
: f Section Type
MSS Bridge is modeled P—

with respect to the level

of Center-Bottom Center IJDN | Diaphragm

Review section shape

Save As... oK Cancel

Fig. 10 Input section property for general section

10



Construction Stage Analy sis of MSS using the Wizard
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Fig. 11 PSC box general section
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Input the section properties for the construction joint part referring to Fig. 13. The
defined section shape can be reviewed by selecting Drawing underthe View Option.

View Option>Bitmap

Joint tab
H3(0.3); H5(0.151); H7(0.07)
B4 (1.75); B5(1.28); B7(0.348)

View Option>Drawing

Diaphragm tab
H4 (0.3); H5(0.151); H6(0.54); H7(0.07)
H8(0.25); B5(1.28); B6(1.2); B7(0.348); B8(1.45)

Centerphragm 1

Hi: mo He: m
B b (02338 m o wes [L00
| ys | HE: [oamEE m o we: [0 m
Review section shape l ! bre [0T68 m b [T
‘ Moo [0.051810 m  pioy [O0stELE
i Bl: [l mo ome: [Dooe m
] F B3: | m B4: |LADZE o
“E’L_“‘ Bs: [0.3657%6 m  Be: [1902 m
! p7: [0.57912 m pe: [120%2 m
Be: [0t mo om0 [0 m
Yiew Option
f-‘E\tr:ap £ Draving i [
Center | Joint

N B

[0 e e o

o e o w

e w e o o

:,—m Hio ,—m

i m e e m

o [2E04E m  per [140208

 Jroees m ee: [1.097z8 m

Joeose m oes: [1212

o Joarers m 10 Jouaveree m

Yiew Option 71 [P
£ Bitmap Update

Fig. 12 Input section property for the construction joint
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14

Input Tendon Placement

Tendons in the MSS Bridge are placed along a curvature within the webs of the PSC
box girder. In the MSS Bridge Wizard, this type of standard tendon placement can
be simply defined by the lowest, inflection and anchorage points.

Generally, the MSS Bridge has equal spans, and the structural system of the first
span is changed from a simple beam to a continuous beam at each stage as
construction proceeds. The maximumbending moment for the first span constructed
is larger than that of the other spans because it is a simply supported condition.
Hence, additional tendons should be provided for the first span. The additional
tendons for the first span are defined by general function, and only typical tendons
are defined in the MSS Bridge Wizard.

h
0.5xh
I
567 x h
0}5
0.44 x \

Fig. 14 Tendon Placement
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Input typical tendon placement in the longitudinal direction referring to Fig. 14.

Tendon tab
N(3): G1(05); G2(0.2); G3(0.5)
S1(04); S2(0.1); C(0.2); al(0567); a2(0.44)

MSS Bridge Wizard (23]
Bridge Model Data Type
* Typel i Type2
"Model ] Section
Inflection Point T |

o = o

ai[ T““ I*H"""'-—-__

Py E—

S1x §2x ]

51: 52: |01 xL 53 . |0.2 xL 54 : |3.9624 m
c: al: |0.567  xh a2: |0.44 xh

Tendon Property : Web vh ’ Jacking Stress : |U.? X |Su ﬂ

E 3 El: G1: |0.5 m G2: |0.2 m G3: |0.5 m
0.4 xL
0.2 m

Grouting " Presiressing Step * Every |1 3: Stages
a: 0.15 m
b: 0.2 m
‘ c: 0.15 m
"
ab
Open... Save As... | OF; | Cancel

Fig. 15 Input Tendon Placement
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Input the tendon properties such as tendon areas, constants related to losses and
tendon strength.

Tendon Property> _I (@ in Fig. 15)
Tendon Properwil
Tendon Name>Web ; Tendon Type>Internal
Material>2: Tendon
Total Tendon Area
Strand Diameter>15.2mm (0.6 ")

Number of Strands>22
@ Relaxation coefficient is a Duct Diameter>0.113
material constant included Relaxation Coefficient>Magura (45) ®
in Magura’s formula, which
is used to calculate Curvature Friction Factor>0.3 ; Wobble Friction Factor>0.0066

relaxation effects of

: Ultimate Strength>1900000 ; Yield Strength>1600000
tendons over time. 10 for
general tendons and 45 for Bond Type>Bonded
low relaxation tendons are Anchorage Slip (Draw in)>Begin (0.006); End (0.006) .

usually used.

Tendon Property @

Name
Web

Add/Modify Tendon Property

Tendon Type
Tendon Name | Web
Tendon Type |IntErnaI(Pnst-TEnsiun) j
Close
Material 2 2: Tendon

0.0030514 m?

Total Tendon Area

Duct Diameter ’0113’7 m
W Relaxation Coefficent |Magura j ‘45 j
Ultimate Strength ’W ki fm2
Yield Strength [1eesos gy Tendon Ares (=)
Curvature Friction Factor ’037
Wobble Friction Factor ’W 1jm Stend Diameter ‘ 15 2m 0.6 jv
External Cable Moment Magnifier ":'7 kMfm2 Humber of Strands : 2 =
Ancharage Slip(Draw in) Bond Type QCEME‘
Begn : |0.006 m ¢ Bonded
End ;| 0,006 m {” Unbonded

OK I Cancel Apply

Fig. 16 Tendon Property Input
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Input the tendon jacking force, grouting time and transverse arrangement. If the
grouting time is assigned using the Prestressing Step, the stress at the time of tendon
jacking is calculated based on section properties that include the effects of tendon
area. If the grouting time is assigned using Every (n) Stages, the stress at the time of
tendon jacking is calculated based on the net section, and the tendons tensioned
during the n stages are grouted simultaneously at the n-th construction stage. The
tendon jacking force is specified as 70% of the ultimate strength. The transverse
arrangement of the tendons is also defined. The tendons in the MSS Bridge are
normally arranged parallel to the webs of the PSC boxgirder. The transverse tendon
arrangement as such can be defined by setting the distance between the outer side of
web and outer tendon, and the spacing between the outerand inner tendons.

Jacking Stress (0.7)x(Su )
Grouting>Every (1) Stages
a (0.15); b(0.2)

MSS Bridge Wizard [==3a]
Bridge Model Data Type
v Typel i Type2

"Model ] Section  Tendon |

Inflecti Point—| |
6L mseRen T2 ,,#%REK
alITHI};TE
S1x C §2x ]

51: 52: |01 xL 53 |0.2 xL 54: [39624 m

N 3 El: G1: [0.5 m G2: |0.2 m G3: |0.5 m
0.4 xL
C: 0.2 m al: |0.567 xh az: |0.44 xh

Tendon Property : Web - J Jacking Stress : |U.I-" ¥ |Su j
Grouting : (" Prestressing Step (¥ Every ’1—::| Stages
a:  [015 ' m
m

b: [0
\ ; ‘ c: [o5

Open... | Save As... | Ok | Cancel

Fig. 17 Transverse Tendon Arrangement
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After completion of data input, click 24 button to end the MSS Bridge
Wizard session, and review the model. Specific parts of the model can be magnified

and reviewed by using the 1 Zoom Window and Zoom Fit functions.

ooo

£ Point Grid (off), §2 Point Grid Snap (off), ¥ Line Grid Snap (off)
E Node Snap (on), 7" Element Snap (on)

L] Display
Misc tab
Tendon Profile Point (on) o

Zoom Fit, Hidden Hidden (on)

™8 choss = | = Tie Hormanaly

o =
Fnet (17 Tia Verticly

e mevous | B Cascate

Wndow | VmiowTi |
RGO |

FOEEEEES

i s

=¥ %)

R @000 €AR @

4, Model View/ b

=
411 ]5 1\ Command tesssge { asyen issace

Fig. 18 Bridge Model Generated by the MSS Bridge Wizard
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Modify Existing Dataand Input Additional Data

@Modifying  or  deleting
nodes or elements is not
permitted in the
Construction Stage Mode.
Other  than activ ating
boundary and load
conditions, modifying and
deleting are permitted only
in the Base Stage Mode.

Define Construction Stage

There are two working modes, Base Stage mode and Construction Stage mode, in
MIDAS/Civil for performing construction stage analysis.

In the Base Stage mode, all structural modeling data, loading conditions and
boundary conditions can be defined, but analysis is not performed in this mode. The
Construction Stage represents the state of model for which analysis is performed. In
the Construction Stage mode, the structural model data cannot be modified or
deleted, except that the boundary conditions and loads pertaining to each
construction stage may be changed.

Construction Stage i defined by activating/deactivating the element groups,
boundary groups and load groups, instead of individual elements, boundary
conditions and load conditions. Boundary conditions and load conditions that are
included in an activated Boundary Group or Load Group in the Construction Stage
mode can be modified or deleted.

We will now review the construction stages automatically defined by the MSS
Bridge Wizard. Construction stage information can be reviewed by using the Stage
Toolbar and Works Tree. All activated/deactivated Structure Groups, Boundary
Groups and Load Groups for the current stage can be reviewed systematically by
using the Works Tree, if the construction stage is representing any construction
stage other than the Base Stage. Moreover, changes to the structural system by
construction stages can be reviewed visually in Model View by sequentially
changing the construction stages.

19



ADVANCED APPLICATIONS

We will now review the structural systems and loads by selecting each construction
stage using the Stage Toolbar.

L] Display
Boundary tab
Support (on)
Load tab
Nodal Load (on)d

Tree Menu>Works tab

@Locate the cursor on Construction Stage>CSO49
the Stage Toolbar and
review all stages one by
one by adjusting the
arrow  keys on the ’
key board. (e = i

.-
Redaw Tntal Preveus wdden| ¢ @ ew
Vew  View PR @ -|@A - T provous | B Cascade

- Adwe .
Onarme View | Render View | Seleet | Aees | Grdsirap | Deply Wedow | WedowTe |

R TREC EAR L O I AR O R —

LB [ Ouse = | = Tie Horzonaly
e | [T Tie verocaly

= A Swouts 5
2 oz i)
& e Nods Local Ade: 8
. Type 1| Angle - shout ¥aD) - sbout

[=FoFF:

5 T e et 0. ik
-4, Smloni
£ [ St Lo e 1 gt o
© ] Satc Loo Case 2 P :Contra
& Seatic Load Case 3 [WetCorcestn : Con
Static Load Case 4 [2nd ||
‘Sestic Load Case § [Bot Tendon ;|

HEI=EEEE 00 €22

Fig. 19 Structural system for Construction stage 4
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@Change to Base Stage
because load conditions
can be added only in the
Base Stage.

Input Additional Loads

Additional tendons should be provided in the first span because the maximum
bending moment acting in the first span is larger than those in the other spans. This
is because the first span is a simply supported span during construction whereas the
other spans are continuous. The additional tendons in the first span are inputted in
construction stage 1 (CS01).

After completing construction of all the spans by the MSS method, superimposed
dead loads such as pavement, barriers and railings are constructed. We will define
additional construction stages, loads, and superimposed dead loads. The
superimposed dead loads are applied for 10,000 days to account for creep. This will
enable the generation of a camber diagram and, thus, managing the camber.

Define the additional tendons in the first span and the load conditions pertaining to
superimposed (2"®) dead loads.

Stage>Base
Load/ (®) Static Loads |/
Static Load
Cases

Name (2nd); Type>Construction Stage Load ﬁl
Name (BotTendon); Type>Construction Stage Load ﬂl A

Static Load Cases @
Mame : | BotTendon Add
Case : |AII Load Case j Madify
Type - |C0nsh’ucﬁ0n Stage Load {CS) ﬂ Delete
Description : |
No Name Type Description i

1| SelfiWeight |Construction Stage Load (C | Construction Stage, Self Weight

2| Prestress | Construction Stage Load (C | Construction Stage, Tendon Prest
3| WetConcret | Construction Stage Load (C | Construction Stage, Wet Concret
4 (
5 (

2nd Construction Stage Load (C
BotTend Construction Stage Load (C

m

4 n 2

Close

Fig. 20 Define Load Conditions
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ADVANCED APPLICATIONS

Define prestress for the additional tendons and generate a Load Group
corresponding to superimposed dead loads.

Hidden (off)

Hidden

L] Display
Boundary tab
Support (off)
Load tab
Nodal Load (off)
Misc tab
Tendon Profile Point (off) 4

=2 Group tab
Group / Load Group / New...(rightclick mouse)
Name>2nd A%

Name>BotTendon 9 | 4

[ ™ cosa | E Tie Horkortaly
#onee 1] Tie vermcay
Wrdey (@ Provous | B cascae
Vindow window Tie |

®

op

HU=>P0068I08 00

1 Model view,

JLal |
-2 103, 1525716, 0 EINN) N R kB D s AR

Fig. 21 Load Group Generation
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@ The reference point of
the tendon profile is the
Bottom Center of the
PSC box section since
the PSC box section is
defined relatve to the
same location.

The prestress load due to the additional tendons in the first span acts at the
construction stage CS01. The procedure to apply this additional prestress load in the
first span s as follows:

1. Define thetendon profile.

2. Assign the prestress load due to the defined tendon profile in the load
group “BotTendon”.

3. Activate theload group “BotTendon” in CSO1.

Fig. 22 Additional Tendon in the 1*' span

Define the tendon profile to be added in the first span, referring to Fig. 22.9 The

additional tendons are placed over 40m length between the i-th end of Element 2
and the j-th end of Element 9. The start and end points of the tendons are each
located at 5m from the bridge end and the second support. The length of a single
element is 50/10 =5m.
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ADVANCED APPLICATIONS

Loads / @ Temp./Prestress|/ £

Tendon
Profile

Tendon Profile>__ A% |

Tendon Name>Bot1 ; Tendon Property>Web
Assigned Elements>2to9

Input Type>3D ; Curve Type>Spline

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

@ The slope is fixed by a . i [)

givenvalue f fix” is ‘o’ Profile>Reference Axis>Curve = (on)

or generated within the 1>x(0),y(0),z(0.68), fix (Off)g

program if fix is ‘of f’.

2>x(5),y(0),z(0.062), fix (on),Ry (0),Rz(0)

@ Select Curve and input H

e 3>x(35),y(0), z( 0.062),.f|x (on),Ry(0),Rz(0)

referenced to circular 4>x(40),y(0), z(0.68), fix (off)

curvature on the XY Profile Insertion Point ( Node 2 )®

plane since the current

example  bridge is Radius Center (X, Y) (0, -2366.882); Offset(-2.235)

curved.

Direction>CW

Tendon Name (Bot2); Tendon Property>Web
Assigned Elements (2to9)
Straight Length of Tendon>Begin (0); End (0)
Profile>Reference Axis>Curve (on)
1>x (0), y (0), z (0.68), fix (off)
2>x (5),y (0), z (0.062), fix (on), Ry (0), Rz (0)
3>x(35),y (0), z (0.062), fix (on), Ry (0), Rz (0)
4>x (40),y (0), z (0.68), fix (off)

@The center coordinates Profile Insertion Point (Node 2)“®

he circl hi )
e oyt gt Radius Center (X, Y) (0, -2366.882) *: Offset (2.235)
because this bridge is Direction>CW

modeled with Node 59
as the symmetric point

and the y-coordinate of
the Node 59 is 13.118.

I & Sytom Temm.
B & &SI
SatcLoad Usng Losd | ket Tamg. e Secion
Caes . Conbuatues | Temp. Gagwrt | Tenp,

ot Lond Come | Tergertes Loats

b 2010 s S EESCEIE SAOBE TR B

Tendpn Tengon

OeesD

56 =@0068I08 €2 R

fr o ¢l ] =

Fig. 23 Define Tendon Profile
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Construction Stage Analy sis of MSS using the Wizard

Assign the prestress loads, which are defined by the tendon profile, to the
BotTendon load group, and apply them to the structural system.

Fay ‘ ’
@ The tendons are jacked only Load/ (@) Temp./Prestress|/ @

at one end. Therefore, input Tendon

prestress only at that end. Prestress

The jacking force is 70% of

the ultimate strength. Load Case Name>BotTendon; Load Group Name>BotTendon

Tendon>Bot1, Bot2 ﬂ Selected Tendons
Stress Value>Stress; 1stJacking>Begin
. , @
@lnput 1 because this tendon Begm (O)’ End (1330000)

is grouted at the construction Grouting: after (1) Stage @ ad |
stage CSO02 after prestressing
the tendons.

Took

’\g E E @ \oa! ﬂ 5] o of Mazeral 12 Dynamic Report Generator ?I ir:g l:l

= MCT Gt | Soctiord broety Tondon rotn G eactn |- StC Dta Gararton 7% Dymamic Raport Image R e p
ok Prefyances | MCT Command | Sectiomsl Pty Tandon Profie GanerlSection z ot Gaphic | Gtores_Ful
Systam Shel Gloitor | Genetor Desgrer L Comvert Meta e to DI s Eifor Edtw |+ Saeen
Settng I Ganerator | Edtor Custorae

= EEIVEE®IE]QEE) ' 2o - F 2o DR TEAFE T 1IN ) _
, \ : Sk g

,,__”___.,.ﬂ-___,,—-—-—"'" &

IR
v
LT
g

dagn : [0 [roy ~ - = &)

4%, Modsl view/

_ s
The project will be saved by the autc-save festure.

Commana Message {Eraies vseae

Fig. 24 Loading Prestress
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ADVANCED APPLICATIONS

Activate the load group “BotTendon”, which represents prestress for the first span,
at the construction stage CS01.

-+

= A
Load/ | @) Construction Stage |/ Define Define Construction Stage
C.5

Name>CS01; _ Medfv/Show
Load tab
Group List>BotTendon
Activation>Active Day>First; |

Construction Stage [EESa)| | Compose Construction Stage
, _ stoge Acstiona Steps
foEME——{ Dircbon | Date T Stp=—lpesuit | Add o =14 oy [T 24| _peee
lcsor.. 20 = 1 i =
———— e mterey| e (Borgkin ey Moshr | oew |
Gt B s 1 e metten | orn: Q2 U ) PR ;
cs0s 0 100 1 Stage,. f—— Save Rest —
= OzE I Cme T s e 0E
Csos 2 160 1 Stage,... m ‘ _ Genemtestens |
= - e
csit 10000 10200 0 Stage,. Bement | Boundary | Load |
Close Gopust - | Activation Deactvation
Bement Force
o= poei [0 dayl | | medetbuton: [® T a
s Gapiat apias
ggg ( T Toe tome [reast
S
e Groer
¢ The names for element @‘ﬁ s | et | oaen |
groups, boundary groups
and load groups, which are | Bt k|
automatically generated by
the Bridge Wizard, can be
found in “Define Structure
(Boundary, Load) Group” . . .
in the On-line manual. Fig. 25 Activation of Prestress
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Construction Stage Analy sis of MSS using the Wizard

Apply superimposed (2"%) dead load. Input the superimposed (2'%) dead load in
construction stage CS11 because the effect of creep and prestress losses during the
period of 10,000 days should be considered in the analysis. Assign the
superimposed (2"%) dead load to the 2nd load group and apply it to the structural
system. The magnitude of the superimposed (2"%) dead load is 38 kN/m acting in the
—Z-direction.

Load/ '@' Static Loads |/ E Elerment Element beam Loads

® select all

Load Case Name>2nd; Load Group Name>2nd
Options>Add; Load Type>Uniform Loads
Direction>Global Z; Projection>No
Value>Relative; x1 (0), x2 (1), W (-38) d

%) sesmc () Setttementjete.
o () construction Stage (5 Load Tables I e
7 Haat of Hydratan T aes | 1 Sowcnd el 44 Loads to Masses | L Typial | & Assign Plana Loads. *

= M cof Weght £ fodal Body Fore )
& NodalLoads 5 ol s P wtrosats pressure | (5] Assin oor Loads =

Qoo Dpmreios | = s

Structure Loass | Masies B Lead Fressure Load

!
=
q
; o
P
it [l
PRI s ¥ o
R gt
gt 5
,pnluu,!lﬂw‘"u = S
ppratt a
I=l
@

4 Hodd View,

Fig. 26 Superimposed dead load
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ADVANCED APPLICATIONS

28

Activate the Load Group 2nd in construction stage CS11.

-+

P . EE
Load/ | @) Construction Stage |/ pefine De€fine Construction Stage

C.5

Name>CS11; _Vedhison |

Stage>Duration >”10000”

Save Result>Stage (on); Additional Step (on)

Load tab
Group List>2nd
Activation
Active Day>Frst
Add | J
Construction Stage (3] | | Compose Consinuction Stage
Acidtons Steps
Name | Duration [Date  [Step | Resut | Add | ays [0 A | e |
caon - o H _ meerterey | ( Example: 1,3,7, 14 ) 4:““ f““'
€503 2 60 1 Insert Next futa Genesaton
Cs04 20 80 1
Cs05 20 100 1 .
oot s 12 i Generate % Stage Step Number | 0 3
cs07 140 1 C vosifuishon 1) Generate Steps
Cso8 20 160 1 e —]
Cs09 20 gl Delete
SN 10200 0
Deacthton
Close o
nctvetay: [Frst  ~Jaavls) | mggepay: [Frst <Jdavie)
Group st Group st
£ Nome Doy
< nc Frst
psosa
pos
e
PS06h
pso7s
et
Psces
PS08h
e | beee st | oty | ook
| == |

Fig. 27 Modification for CS11



Construction Stage Analy sis of MSS using the Wizard

@ Creep and shrinkage coefficients
are a function of sectional shape
(“Notational Size of Member”).
Therefore, we must  first
determine the variable section
dimensions and then input the
time dependent material
properties.

@In order to automatically link the
time dependent material properties
and general material property, the
section properties must be defined
as DB/User Ty pe or PSC Ty pe.

Define and Link Time Dependent Material Properties

After completing the modeling of entire concrete structure for both superstructure
and substructure, define the time dependent material properties (concrete strength
gain curve, creep coefficient and shrinkage coefficient) for all the sections, and then
link these properties to each section.

According to CEB-FIP standards, the creep and shrinkage coefficients for concrete
vary with the member dimensions. Therefore, in order to perform an analysis
considering time dependent material properties, the material property of each
section with different dimensions must be linked one-to-one to the corresponding
time dependent material properties. That is, the number of different time dependent
material properties and general material properties should correspond to the number
of elements with different sectional dimensions. The time dependent and general
material properties must be defined and linked for each element having different
sectional properties.

In MIDAS/Civil, the time dependent material properties are automatically
calculated accounting for member age and applied to each corresponding material.
Using the Change Element Dependent Material Property function, the time
dependent material properties (according to the CEB-FIP standards) and the
corresponding material‘properties are generated and automatically linked to each
corresponding element.

The procedure for defining creep and shrinkage coefficients for tapered elements
using the Change Element Dependent Material Property function is as follows:

1. Define creep and shrinkage material properties using CEB-FIP standards.

2. Link time dependent material properties to general material property.

3. Link the coefficients related to member dimensions (Notational Size of Member)
to each element using Change Element Dependent Material Property function.

After completing the above procedure, creep and shrinkage coefficients are
calculated based on the coefficients defined in Step 3 for those elements having the
Change Element Dependent Material Property values during construction stage
analysis. The coefficients defined in Step 1 are notapplied.

Inputtime dependent material properties as follows:

28 day strength: 2. = 6000 psi (41368.6 kN/nt)
Relative Humidity: RH =70 %

Notational Size: Any value (auto-calculated later)
Concrete Type: Normal Concrete

Timing of Formwork Removal : 3 days
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ADVANCED APPLICATIONS

Properties /[£] Creep/Shrinkage' Time Dependent Material (Creep & Shrinkage))
Name>Creep&Shrinkage ; Code>CEB-HP(1990)
Compressive strength of concrete at the age of 28 days>41368.6
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 the beginning of shrinkage>3

Show Result... o

Time Dependent Material (Creep/Shrinkage)

Add/Modify Time Dependent Material (Creep / Shrinkage)

Code :

==
e: [Creepashrinkage |ceaFrpazen) ~|

EB-FIP(1990)

41368.6 kM/m2

[» =
ll—m

h =2*Acfu (Ac: Section Area, u : Perimeter in contact with atmosphere)

Characteristic compressive strength of concrete
at the age of 28 days (fck) :

Relative Humidity of ambient environment (40 - 99) :

Notational size of member :

Type of cement
~ Rapid hardening high strength cement (RS)
% Mormal or rapid hardening cement (N, R)
" Slowly hardening cement (SL)

3 _l: day

Age of concrete at the beginning of shrinkage :

ShuwResuIt..‘) Ok I Cancel " Apply I

Show Time Dependent Material Function
— Creep Function Data Type
{* Creep Coefficient
" Shrinkage Strain
Start Loading : 10 Day
End Loading : 10000 Day
Mum. of Steps : 24
Time &
Value —
(day)
1 2.9488e-001 | =
2 17.78 | 3.7990e-001
3 2371| 44974e-001 | —
4 31.62 | 5.1476e-001
5 4217 | 5.7872e-001
6 56.23 | £.4348e-001
7 7499 | 7.1011e-001
8| 10000 7.7926e-001
9| 13335 8.5123e-001
Aan 477 02 N ARMAE~ NN S
Redraw

"Graph Options

[~ ¥-axis log scale [~ Y-axis log scale

Creep Coefficient

a 1000 2500 4000 5500

Time (day)

7000 8s00 10000

Close |

Fig. 28 Define Creep and Shrinkage Material Properties
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Construction Stage Analy sis of MSS using the Wizard

The strength of concrete increases with time. In this example, we will use the
strength gain function specified in CEB-FIP.

Properties / [l Comp. Strength Time Dependent Material (Comp. Strength)
Name (Comp.Strength); Type>Code
Developmentof Strength>Code>CEB-FP
Concrete Compressive Strength at 28 Days (S28) (41368.6)

CementType (a)>N, R: 0.25 Redran Graph [
Add/Modify Time Dependent Material (Comp. Strength) [l
Name Scale Factor Graph Options
[comp. Strengtt 1.0 [ X-ands log scale [ f-ands log scale
Type
{* Code " User 50000 1
45000
Development of Strength
20000
Code: [cEBFE = ssocz |
(- {vspexplox {287 20000 |
Mean compressive strength of concrete .
at the age of 28 days (fck+delta_f) 25000 -
41368.6 Khfm2 20000 -
15000
Cement Type(s) 10000 4
M, R:0.25 <
s000 A
0T T T T T L — L T T
oz ¢ € &8 1z 18 20 24 H
Time (day)
Redraw Graph OK Cancel

Fig. 29 Define concrete compressive strength gain function relative to time
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ADVANCED APPLICATIONS
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Link time dependent material properties to the corresponding general material
property.

Properties / % Material Link /Time Dependent Material Link
Time Dependent M aterial Type
Creep/Shrinkage>Creep&Shrinkage
Comp. Strength>Comp.Strength

Select Material for Assign
Materials>1:Grade C6000 ﬂ Selected Materials Ml

T user - I { Inestc Hinge =

Har.gees b B B @ o B s &
properces | B Como. stength Matersl Proosrtes  Manager *Group = ounature (] meestcMaterl © | "'
Mataral | Time Dependent Materal Plstc Secton Inelastc Properis Tk |

_ " YR a

Time Dependent Materal Lk | Fi e ki

Trme Dependert Matersl Type. o

cummteriage e 7 | a

comp. Srength  [cormse ] - 7

Seect Material to Asmgn £

+

SRR o &)

et

I =

e =

P e R s

et @

e B

i

e &

=]

[ [+ ]\ Command essage § Araives viesasge [

Fig. 30 Connect time dependent material properties



Construction Stage Analy sis of MSS using the Wizard

@lIf the Auto Calculate
option is selected, the
Notational Size of Member
for each section is
calculated automatically
and applied to the
calculation of creep and
shrinkage coefficients. |If
the Input  option is
selected, the creep and
shrinkage coefficients are
calculated from the
defined value.

When the Change Element Dependent Material Property function is used to define
h (Notational Size of Member), the h value defined in the Time Dependent Material

is ignored. The creep and shrinkage functions for each element are then calculated
using the Notational Size of Member for each element defined by the Change
Element Dependent Material Property function.

Properties/ & Change Property Change Element Dependent Material Property

® select all
Option>Add/Replace
ElementDependentMaterial
Notational Size of Member>Auto Calculate9 ;. CEB-FIP d

b D B @ o e @
¥ Group Damping *
Pusc et Setan Tipered Theknes | orene 170 P prgeny
Materal Propertes  Manager @ Group Curvature  — Tables *
PRstc Section ety Propertiss
Hi ease YR g
-3
%
et T o
ISy )
JENBS e

I s ®
U by
e &
et ]
B, »
[&s - +L =
)

[\ Command Wesssos £ Asain essess |

BBl ==l

Fig. 31 Input Notational Size of Member
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ADVANCED APPLICATIONS

Perform Structural Analysis

Once the structural model and construction stages are completed, we will select the
option for considering the time dependent material properties and tendon prestress
loss due to elastic shortening. We will also assign the convergence condition for
creep and number of iterations.

Analysis / <‘?§ Construction Stage Analysis Control
Construction

Stage
Final Stage>Last Stage
Analysis Option>Include Time Dependent Effect (on)
Time Dependent Effect
Creep Shrinkage (on)
Type>Creep & Shrinkage

@If Auto Time Step Convergence for Creep Iteration
Generation for Large . .
Time Gap is checked Number of lterations (5) ; Tolerance (0.01) .
‘on’,  additional  time Auto Time Step Generation for Large Time Gap (on)
steps are automatically . .
generated for a longer Tendon Tension Loss Effect (Creep & Shrinkage) (on)
duration to consider the Variation of Comp. Strength (on)
long-term effects more . . .
precisely . Tendon Tension Loss Effect (Elastic Shortening) (on)

Beam Section Property Changes > Change with Tendon (on)
Save Output of Current Stage (Beam/Truss) (on) J

34



Construction Stage Analy sis of MSS using the Wizard

Construction Stage Analysis Control Data

Final 5

cso1
Analysis Option
[~ Indude Nonlinear Analysis

o) @
r

" Other Stage

[~ Restart Construction Stage Analysis

Cable-Pretension Force Control
¥ Internal Force " External Force

Initial Force Control
[~ Convert Final Stage Member Forces to Initial Forces for Post C.5,

r r
[~ Change Cable Element to Equivalent Truss Element for PostCS
[~ Apply Initial Member Force to C.5.

[ Initial Tangent Displacement for Erected Structures

= T CS01

[~ Indude P-Delta Effect Only

Time Dependent Effect Contral
Load Cases to be Distinguished from Dead Load for C.5. Output

Load Case : Selfiveight ﬂ Load Case Add
Delete

Dead Load of Wearing Surfaces an(ﬂ

[v Indude Time Dependent Effect

Load Type for C.5. (Erection Load) :

= CS01

[~ Consider Stress Decrease at Lead Length Zone by Post-tension

= L ’7
Beam Section Property Changes
" Constant &+ Change with Tendon

ime Qutput

Time Dependent Effect Control

Time Dependent Effect
[¥ Creep & Shrinkage

Type

" Creep i Shrinkage {* Creep & Shrinkage

Creep
Convergence for Creep Iteration

Number of Iterations: 5 =

[~ Only User's Creep Coeffident
[~ Internal Time Step for Creep :
v Auto Time Step Generation for Large Time Gap

Tolerance : 0.01

2

T : Time Gap

Te 10000 (20 =X

¥ Tendon Tension Loss Effect { Creep & Shrinkage )
I Consider Re-Bar Confinement Effect
[ Variation of Comp. Strength
[ Apply Time Dependent Effect Elastic Modulus to Post C.5
|v Tendon Tension Loss Effect ( Elastic Shortening )
{* Change with Variation of Tendon Force
" Constant

L

L

T> 10 2 ot [5 =
T> 1000 |7 52' Teso00 [10 =

L

Cancel

ave OUTUL O

Remove Construction Stage Analysis Control Data

ncel

Fig. 32 Assign Construction Stage Analysis Conditions

All input is now completed. We will finally perform structural analysis.

4

Analysis/
Perform

Anabysis

Perform Analysis
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ADVANCED APPLICATIONS

¢ Refer to Results > Bridge Girder
Diagrams in the On-line manual.

¢ Referto Results > Stage/Step
History Graph in the On-line
manual.

@ MSS Bridge Wizard automatically
generates Structure Groups for
reviewing section stresses.
Bridge Girder represents the
element group pertaining to the
main girders.

@All stresses at upper/lower and
left/right ends can be reviewed
by selecting Axial, Bending My
and Bending Mz.

@ If Draw Allowable Stress Line is
checked on and the allowable
stresses for compression and
tension are specffied, the
allowable stresses are shown
on the stress graph as dotted
lines.

36

Review Analysis Results

There are two methods of reviewing analysis results from construction stage
analysis. One is to review accumulated stresses and displacements of all the
members at each specific construction stage,“and the other is to review the change
in stresses and displacements in specific elements due to the preceding construction
stages“. Either way, the construction stage analysis results can be checked in
MIDAS/Civil by means of graphs and tables.

Review Stresses and Member Forces by Graphs

In the construction stages of MSS, the maximum stress occurs in the construction
stage 1, when the structural system is a simple beam. We now review the stresses at
the bottom of the section for the construction stage 1.

Stage>CS01

Results /Bridge Girder Diagrams
Load Cases/Combinations>Step List>Frst Step, User Step:1 (on)
Load Cases/Combinations>CS: Summation
Diagram Type>Stress ; X-Axis Type>Node
Bridge Girder Elem. Group>Bridge Girder @
Components>Combined
Combined (Axal+Moment)>1 (-y,+z) @
Allowable Stress Line>Draw Allowable Stress Line (off)
Generation Option>Current Stage-Step

©s01, ©5: swmation / Combined(-y,+z)

Fig. 33 Stress graph for Bottom at Construction stage 1



Construction Stage Analy sis of MSS using the Wizard

A more detailed stress graph for any specific part can be reviewed. Simply place the
mouse on the part of interest and magnify it by dragging the mouse while keeping
the mouse pressed. We can revert to the original condition by right-clicking the
mouse and clicking Zoom Out All on the graph.

€501, €85: Summation / Combined(-y,+z)

BERARRRRRRRAR! [RRRRRRA [RERRERRE IRARRRARRERARRARN 11

Wode 1

Drag™ ™™ " I }
 Sires g, Change Title & Label

fromas SouTion 1ot 113,20 (sEC)

Draw Color Graph

[ [+ . Commant Vessass  Anarsi e

Draw Gray Graph
Zoom Out
oom Out All
Save Graph As Image
cso : Summation / Combined(-y,+z)
Save Graph As Text
as00 —
2000 — Wl csovTiz=e
2sn0 | T
o0 / B csouveen:y
1500 —
1000 —
s00 —
0
T s
2
g5 e o
2 1m0 —
i /
& 2000 1
2500 —
<o — L]
2500 — |
2000 —
as00 —
'——___/
s000 —
ss00 —
| | 1 | | | I | | | |
L L
node

Fig. 34 Magnify Stress Graph

37



ADVANCED APPLICATIONS

¢ Activate Model View. The
Stage/Step History Graph
menu can be used only
when Model View is in an
activ ated state.

38

Review the stress changes by construction stages at the second support (i-th end of
Element 11) using Stage/Step History Graph.

Model View
Results/ [l stage/step Graph Stage/Step History Graph

@

Define Function>Beam Force/Stress FHEN ST RO |

Beam Force/Stress>Name (Top); ElementNo. (12); Stress
Point>I-Node; Components>Bend(+z)
Combine Axial (on) o

Define Function>Beam Force/Stress
Beam Force/Stress>Name (Bot); ElementNo. (12); Stress
Point>I-Node; Components>Bend(-z)

Add Mew Function |

Combine Axial (on)
Mode>Multi Func. ; Step Option>All Steps ; X-Axis>Stage/Step
Check Function to Plot>Top (on); Bot (on)
Load Cases/Combinations>Summation
Graph Title>Stress History _&@eh_|

Beam Force/Stress

Beam ForceStress

Name: Top
Element No.: 12
" Force (+ Stress

Point: I-Hlode hd
Components: Bend(+z) hd

¥ Combine Axial

o [ o |

Fig. 35 Graph of Stress changes by construction stages



Construction Stage Analy sis of MSS using the Wizard

Context Menu can be prompted by right-clicking the mouse on the Stage/Step
History Graph. Stress changes for each construction stage can be saved in a
text file using the Save Graph As Text function.

Save Graph As Text
File Name>StressHistory.txt

¥4 svemes -

b

= £ Dagam -
o e VRS WY Ress” 8 Moven Trace =
Conbraton Rents el | metesene Hovra Lood
105 31 "% -

M Stress Eistory

Detie urcion

atstewnecm

T searcemere - | . made shapes - & wi Loes

Fmmnn C iLoee
7m0 Opter

R C s

® Suceifiss (" Teidas)

Ok Frnora To st

Mosky Do

o CanenComiraners

T

al owh | oo

Change Title & Label

¥ Draw Color Graph

D
Draw Gray Graph

frorhL. SoLTion TIHE..1 119,24 (SEC)

res Wans ODo Y

- - Zoom Out

Zoom Cut All

Save Graph As Image
Save Graph As Text

(2} MIDAS/Text Editor - [Stress History]
[ File Edit View Window Help

DEHERE a2 @i

[oeG57

00002 +x MIDAS/Civil Stage/Step history Ow
locooa

locoos

loooos

booos 4+ Bot (kli/m%)
locoor
locoos
loooos
loco10
locot1
o012
loco12 .74300
lovo1s : 200
loco1s
ooota
loco17
looo1z
loco1s 1 23300
locoz20 700
loco2 .56200
looo22 .19300
locoz3 23600
looozs o000
locozs 16200
looozn .38000
logozr 37600
loooza 71000
locoze : .50800
looosn 73600
locos1 72900
loooaz 26500

00063 Max :  -1101.86300 at
00048 Min :  -9560.75300 at CS01:Usrl

loooss  ax Top (/ms )

loooso Stage/Step Value

P

Ln

Fig. 36 Save stresses for each construction stage as a text file
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ADVANCED APPLICATIONS

Review the member force changes by construction stages at the second support (i-th
end of Element 11) using Stage/Step History Graph.

Model View
Results/ [i stage/Step Graph Stage/Step History Graph
Define Function>Beam Force/Stress Add New Function
Beam Force/Stress
Name (Moment); ElementNo. (12); Force
Point>I-Node; Components>Moment-y
Mode>Multi LCase; Step Option>Last Step ; X-Axis>Stage/Step
Check Load Cases to Plot
Dead Load (on); Tendon Primary (on)
Tendon Secondary (on); Creep Primary (on)
Shrinkage Primary (on); Creep Secondary (on)
Shrinkage Secondary (on); Summation (on)
Defined Functions>Moment
Graph Title>Moment

b TH Resuds I ca ol - q
& Thirtes | oo -

= Tt | R
1, Tendon Luss Gaph =l ==

T

frroponuonnm

GrmhThe:  [Moment

i NN WO=N]
Beam Force/Stress
Mame: | Moment

Element Mo, : 12

&+ Force " stress

Foint: 1-Hode A
Tt
- Components: | Mament-y =

e

N e R _:I

o [ ]

Fig. 37 Graph of Member force changes by Construction stages
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Construction Stage Analy sis of MSS using the Wizard

Stress Review using Tables

Construction stage analysis results can be sorted by elements, loads, construction
stages, output location within elements, etc. using Records Activation Dialog. We
will now review the stress changes for each construction stage at the pier top in a
spreadsheet table format.

Results/ Results Results Table/Beam / Stress
Tables ~
Node or Element>Element (12)
Loadcase/Combinations>Summation (CS) (on)
Stage/Step>CS01:001(first) ~ CS11:002(last) (on) @
Part Number>Parti(on)

GAll construction stages
between CS01 and CS11 can
be selected simultaneously by
selecting CSO01 and CS11
while pressing the Shift key .

# '/ Records Activation Dialog E

Part Number

|Nude or Element

‘Lnadase,"Comhinah’un

Delete
Replace
- Intersect

All | Inverse I Prev | 7Dead Load(CS)
[ Erection Load(CS)

Element - 1to136 [ Tendon Primary(C5) Part 21'4
I J-I =Tendon Secondary(CS) Part 3/4
Select Type [Creep Primary(C5) Part j
Element Type - Add -

:

Creep Secondary(CS)
[ shrinkage Primary(CS)

| [+ )\Beam stress /

C P =
Al Shaar-y Shear-z Band(ey) Bu(-w Band(+z) Banc-7) o minimax) Cot(ye2) Ch2(+ye2} oy-2) Co4(-y-2) =
e | el ]| Bl bn Pt | o ) Mm ) mw: o) o) L) ) ) o
Summeton | CS01 | G01(rst) V12| 216003 T08e-003 | 287e-003 [ 287eof J10e-053 |1 0e-005 |
| Summaton | C501 | ccziusert) 12| _-216es003 -.-m m pssecass | aseannoz
{Summaton | G501 | so3(ust) AR S et she TS e e us.m 4990.003 | 7306003 | 98e-003 | 282e-003 | 22 Y _::1 S5e00
|72 summaion [C502eot(enn | 1121 A 11ee003]  sdsest m.-m ool oeun]iswen =.| : 73003
| Summston | CS02 | 002(usert) 12| 4040003 8510001 | 523e-002 nw £.97e+002 41“3 349e-083 | 3506003 | .nm A T3e-003
{Summeton [ C502 | o30mat) 21| 436003 | 6870001 | 820ew00z Syl oo ariomm|_swewa]  omesis] sstesmy 4s««m 6200003
{Summston | Cs03 | o01(irat, 1121] A620003 | 1636001| 8516002 | 863-008 | 883000 | 128001 | 367003 | 4.016-003 | 4836003 | 380803 | e
[Summaton €503 02(usert] | 1121 40161003 | 127601 | _345es002 m_«mm JWS_»JM _u-.-m 44300003 | 4 4200003
Summaton | CS03 | 03dmst) 112 4016003 | 1256001 | 9496-002 -m-m-xmm A 45e-003 | 383e-083 | 3852003 | | Adde-003
{Summaton |08 et 11Z]| 40164003 | 5 14e062 | 3E36w002 | -9036-000 | 98304000 | & 14ewoia| e =] 34960003 | 35100003 | 46700003 | 4 86ev003
Surmaton | CS04 | 002(usert) | (12]| 406e-003 | 1216001 | 8616-002 | -950e-000 Q3800002 | AA4ev003 | -3626°003| 364ev003 | 444083 | 4 4des00)
| Summason | Cso4 [ 40000003 | 1256001 | 36000002 | -5806+009 | 36000000 | 3566082 | 4 14es002 | 44260003 —:_s)-_-uz Zs1ev003|
Summason | CS05. L 001(Srst) 012 400e-003 1340001 1510-402 98265000 §62¢+000 311 3586002 | 43003 | 367e-003 | 3890003 | 4360003 | 4 35e-003
[Summazon | Cs05 | oa(usert) 112 394003 | 1476001 55700008 lno-am\ (Espeeie smoonlis oo 36760003 | 36900003 | 4360003 | 43404003
{Sunmston [ Cs05 | 030st) 12| 2950003 | 144e001 <1.016-001 | 18184001 | Bt ki ans[ he fsa| l
{Summaton [Cs06 [eoteny | (12| 399003 | 1420001 Jm-—m: T 0tev001 -uz Z3ke03 |
Summston | CS06 | 00d(usert) 112]] 3980003 | 1520001 Jvmn 2 880002 m-«m -AM) JM -mwm 4296-003
{Summaton | cs06
" Summaton
Summaton | CS07
" Summaton
Sunmazon
1 867 20002 24 1A B
{Summeton | Wmatax | mn U1Z1] 4 1764003 | 0000000 | -2 10ew003 1] 4100003 | 7.14ew002| 7 3] £01e:003 | 40300003 | 556ee003 | -358ev003

D

Fig. 38

Stress Table for each construction stage
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42

Review Prestress Loss

We will now review the change in tension force as the construction stage
progresses. We can only review the tendons that are contained in the current stage in
the Tendon Time-Dependent Loss Graph dialog box To review change in tension
forces, first change the construction stage to the stage that contains the tendon of
interest and then select the Tendon Time-Dependent Loss Graph menu. The change
of tension forces caused by the construction process can be reviewed by animation

by clicking the __anmete | pytton.

Results / & Tendon Loss Greph Tendon Time-dependent Loss Graph

Tendon>Botl
Animate
Tenden Time-dependent Loss Graph @
Tendon: [Bot1 - Stage: |CS01 ~| step: [FrstStep ~|
——
Tendon:Bot1 Stage:CS01 Step:First Step
2802.42 —
3€03.43 —
=
= 24023.42 —
3 320343 —
g a003.43 —
£ ze03.43
;5 Z2€03.42 —
2403.42 —
e e e s s I I B O B
o z 4 € -] 10 1z 14 1€ 1ie z20 2z L Z€ zZ8 30 az 32 3€ a8 40
Distance (m)
E Close

Fig. 39 Prestress Graph



Construction Stage Analy sis of MSS using the Wizard

Review Tendon Coordinates

In MIDAS/Civil, the tendon coordinates for each quarter station within a single
element can be reviewed in a tabular form.

Eh

Results / — ResultTables /Tendon/ Tendon Coordinates
Results
Tables ~
x ¥ z
Tendon Name No (m) (m) (m)
Bot2 20 23.7500 2.2380 0.0620
Bot2 21 25.0000 22350 0.0620
Bot2 22 26.2500 2.2380 0.0620
Bot2 23 27.5000 22363 0.0620
Bot2 24 28.7500 2.2380 0.0620
Bot2 25 30.0000 22350 0.0620
Bot2 26 31.2500 2.2380 0.0620
Bot2 27 32,5000 22363 0.0620
Bot2 28 33.7500 2.2380 0.0620
Bot2 29 35.0000 22350 0.0620
Bot2 30 36.2500 2.2380 0.11486
Bot2 3 37.5000 22363 0.2540
Bot2 32 38.7500 2.2380 0.4520
Bot2 33 40.0000 22350 0.6796
Cs01a01_1 0 | -249.5405 0.0000 0.0000
CS01a01_| 1 0.0000 29485 0.9750
Cs01a01_1 2 1.2500 29287 0.9106
CS01a01_| 3 2.5000 29091 0.8464
Cs01a01_1 4 3.7500 2.8897 07829
CS01a01_| 5 5.0000 28705 0.7203
Cs01a01_1 6 §.2500 28517 0.6590
CS01a01_| T 7.5000 28334 0.5592
Cs01a01_1 8 8.7500 28157 0.5414
CS01a01_| g 10.0000 27538 0.4859
Cs01a01_1 10 11.2500 27827 0.4334
CS01a01_| 11 12.5000 27676 0.3841
Cs01a01_1 12 13.7500 27537 0.3388
CS01a01_| 13 15.0000 27412 0.2580
CS01a0i_| 14 16.2500 27304 0.2627
CS01a01_| 15 17.5000 2TH6 0.2337
CS01a0i_| 16 18.7500 27150 0.2123
CS01a01_| 17 20.0000 27112 0.2000
CS01a0i_| 18 21.2500 27107 0.1984
CS01a01_| 19 22 5000 27137 0.2081
CS01a0i_| 20 23.7500 27203 0.2295

| \:TI';;IE::;n ICo-ordinates/

1

Tendon Coordinates

Fig. 40 Tendon Coordinates Table
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Review Tendon Elongation

Review tendon elongation values given in the table below.

Results / ResultTables /Tendon/ Tendon Elongation
Results
Tables -
Tenden Elongation Element Elongation Summation

Tendon Name Stage Step Begin End Begin End Begin End

(m) (m) (m) (m) (m} (m)
cso ODi(fst| 00000 |  0.2214|  0.0000 |  0.0006 |  0.0000 |  0.2220
Bot2 cs01 001(first| _ 0.0000 0.2217 0.0000 0.0006 0.0000 0.2223
CS01a01_| cs01 001(first| _ 0.0000 0.2809 0.0000 0.0007 0.0000 0.2816
CS01ali_r cs01 001(first|  0.0000 0.2809 0.0000 0.0007 0.0000 0.2816
CS01a02_| cs01 001(first| _ 0.0000 0.2869 0.0000 0.0007 0.0000 0.2876
CS01a02_r Cs01 001(first|  0.0000 0.2869 0.0000 0.0007 0.0000 0.2876
CS01a03_| cs01 001(first| _ 0.0000 0.2916 0.0000 0.0007 0.0000 0.2923
CS01a03_r Cs01 001(first| _ 0.0000 0.2916 0.0000 0.0007 0.0000 0.2923
CS01b601_1 Ccs02 001(first| _ 0.0000 0.2828 0.0000 0.0006 0.0000 0.2835
CS01b07_r cs02 001(first| _ 0.0000 0.2828 0.0000 0.0006 0.0000 0.2835
CS01602_1 cs02 001(first|  0.0000 0.2899 0.0000 0.0006 0.0000 0.2905
CS01b02_r cs02 001(first| _ 0.0000 0.2899 0.0000 0.0006 0.0000 0.2905
CS01603_1 cs02 001(first|  0.0000 0.2959 0.0000 0.0006 0.0000 0.2965
CS01b03_r cs02 001(first| _ 0.0000 0.2959 0.0000 0.0006 0.0000 0.2965
CS02a01_| 503 001(first| _ 0.0000 0.2482 0.0000 0.0005 0.0000 0.2487
CS02a01_r cs03 001(first|  0.0000 0.2482 0.0000 0.0005 0.0000 0.2487
CS02a02_| 503 001(first| _ 0.0000 0.2548 0.0000 0.0005 0.0000 0.2553
CS02a02_r 503 001(first|  0.0000 0.2548 0.0000 0.0005 0.0000 0.2553
CS02a03_| 503 001(first| _ 0.0000 0.2608 0.0000 0.0005 0.0000 0.2614
C502a03_r 503 001(first| _ 0.0000 0.2608 0.0000 0.0005 0.0000 0.2614
C502b01_1 502 001(first|  0.0000 0.2319 0.0000 0.0006 0.0000 0.2324
CS02b01_r cs02 001(first| _ 0.0000 0.2319 0.0000 0.0006 0.0000 0.2324
CS02602_ cs02 00i(first|  0.0000 0.2400 0.0000 0.0006 0.0000 0.2406
CS02b02_r cs02 001(first| _ 0.0000 0.2400 0.0000 0.0006 0.0000 0.2206
5020031 cs02 001(first| _ 0.0000 0.2479 0.0000 0.0006 0.0000 0.2485
CS02b03_r cs02 001(first|  0.0000 0.2479 0.0000 0.0006 0.0000 0.2485
CS03a01_| S04 001(first| _ 0.0000 0.2482 0.0000 0.0005 0.0000 0.2487
C503a01_r cs04 001(first|  0.0000 0.2482 0.0000 0.0005 0.0000 0.2487
CS03a02_| S04 001(first| _ 0.0000 0.2548 0.0000 0.0005 0.0000 0.2553
C503a02_r S04 001(first| _ 0.0000 0.2548 0.0000 0.0005 0.0000 0.2553
C503a03_ S04 001(first|  0.0000 0.2608 0.0000 0.0005 0.0000 0.2614
CS03a03_r S04 001(first| _ 0.0000 0.2608 0.0000 0.0005 0.0000 0.2614
CS030601_1 cs03 001(first|  0.0000 0.2319 0.0000 0.0006 0.0000 0.2324
CS03b01_r 503 001(first|__ 0.0000 0.2319 0.0000 0.0006 0.0000 0.2324

Q\ Tendon Elongation { [[+]

| TR, endon Elonaation

Fig. 41 Tendon Elongation Table
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Construction Stage Analy sis of MSS using the Wizard

@ Change to PostCS
because load combinations
can only be defined and/or
deleted in the Base Stage
or PostCS Stage.

Review Section Forces by Load Combinations

Ultimate strength checks should be performed for load combinations of section
forces due to dead load, live load, temperature changes and support settlements for
the completed structure. The analysis for load combinations, other than the load
combination defined by Construction Stage Load, can be performed in the PostCS
and can be combined with construction stage analysis results. In this example, loads
other than construction stage loads have not been defined. Hence, we will define a
load combination for construction stage loads and review the section forces. First,
we will define aload combination.

Stage>PostCSQ

+
Results / % Combinations

Loa
Cornbination

Name>Dead ; Active> Active ; Type>Add

Load Case>Dead Load (CS ); Factor (1.3)

Load Case>Tendon Secondary (CS) ; Factor (1.0)
Load Case>Creep Secondary (CS) ; Factor (1.3)
Load Case>Shrinkage Secondary (CS) ; Factor (1.3)

Load Combinations

General | Steel Design | Concrete Design | SR Desian |
Load Combination List

Load Cases and Factors

File Mame: ‘ C:\Users\Abhishek Das\Desktop\work\Civil 2012 v2.1r

Browse

Make Load Combination Sheet

Clase

No Name | Active Type Description - LoadCase Factor -
» 1 Activ Add Dead Load 1.3000
* Tendon Se 1.0000
Creep Sec 1.3000
Shrinkage 1.3000
*
« i 3 <
Copy | import... Auto Generation... Spread Sheet Form Copy into | [steel Design -

Fig. 42 Define Load combination
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Review the bending moments caused by the factored load combination.

Results / 7t Forces = / *-‘| Beam Diagrams...

@ Front View

Load Cases/Combinations>CB: Dead
Components>My

DisplayOptions>5 Points ; Line Fll (on); Scale (1.0)
Type of Display>Contour (on) ; Legend (on)

I, Lnas © B T Rasuls
A i, sutacs * | & T arphvTen | B

Fmong Trcer
Woeng Lowd Tine History

AU LEPo8 00 €9

[ [ ]3]\ Gommandsevsope Frmpes irven

Fig. 43 Bending Moment Diagram
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