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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,
falsework 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.
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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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Construction Sequence for MSS

The construction sequence for the MSS method is as follows:

Stage 1: Preparation stage for dismanting formwiork after casting concrete

ERS AT

Stage 3: Advancing stage for assembling formwork in the next span
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Stage 4: Assembling formwork for casting concrete in the next span
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Fig. 4 Construction sequence

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 using the MSS Bridge Wizard.

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

Define and link Time Dependent Material Properties
Perform Structural Analysis

Review Output
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Material Property and Allowable Stress

>  Superstructure Concrete
ASTM Grade C6000

»  Prestressing Strand -®P15.2 mm (0.6 strand)
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 kN/m’
Anchorage Slip: As =6 mm

Friction Coefficient: p=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 mmx*22 (90.6™- 22))
Area: A, = 1.387 x 22=30.514 cm’
Duct Size: 110/113 mm
Prestressing force: Jacking 70% of tensile strength
f,; = 0.7 f,, = 1330000 kN/m’
P;i=A, x f,;=4058.362 kN
Prestressing losses after the initial loss is automatically calculated by the
program
Friction loss: Py, = P, -e ")
n=0.30, k=0.006
Anchorage Slip Loss: AI, =6 mm
Elastic Shrinkage Loss: AP, = Af, - A,
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: z,= 5 days
Concrete age when concrete is exposed to air: 7, = 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 due to 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

@ The unit system can be
changed by clicking the
unit selection button
(= in the Status bar at
the bottom of screen.

For the construction stage analysis, open a new file (DNew Project) and save
(Esave) as ‘MSS’.

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

File / 0 New Project
File / B Save (MSS)

Tools / Unit System @
Length> m; Force (Mass)>kN (ton) .

X

Unit System

Length Farce ({Mass) Heat:

&+ m N (ka " cal

 em Q Ll ) & keal
" kgt

" mim kof (k) (|
" tonf (ton)

o fe ol T LA

" in (" kips (kipsfq) " Bty

Temperature

i+ Celsius (" Fahrenheit

Moke : Selected units are displayed in relevant
dialog boxes, Walues are NOT changed with
1niks.

[ SetfChange Default Unit System

QK | Apply | Cancel

Fig. 6 Assign unit system
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Define Material Properties

@ The PSC box section is Define material properties for PSC box girder and tendon.
defined within the MSS
Wizard, and need not

be defined separately. Model / Properties / Material

Type of Design>Concrete; Standard>ASTM(RC)
DB>Grade C6000.1 "

@ It is more convenient to
use the ¥ | putton

when multiple properties Name (Tendon); Type of Design>User Defined; Standard>None
are defined at the same .
time. Analysis Data

Modulus of Elasticity (2.0e8)

~User Defined
Material Number : |2 Sandard [fome =]
Mame Tendon 0B l—LI
Heteial | Section| Thickness | Type  [JoorDeloed =
~Concrete—————————————————
1D [ Hame [ Tvpe [ Standard [ DB T
1 Brade CEO00 Concrete  ASTM(AC)  Gira T = Sl |
endan ser Llet, —I— Defined o e |
Delete
~ Bnalysis Dat
_ Cow | Type of Material | @ lsotropic  Orthotropic
Import ~User Defined
Modulus of Elasticity @ 2,028 kh/mz2
Poisson's Ratio : 1]
Thermal Coefficient : [ 0.00002+000 1/[T]
Weight Density 0 ki fme
~Concret
| | Modulus of Elasticity @ |11 00002000 iy /e
(] »
I Poisson’s Ratio 0
o) Thermal Coefficient [ 0.0000=+000 9077
_ Gose | WelghtDensty [ 0 kh/me
-~ Therrnal Transfer
Speciiic Heat 0 J7KN[T]
Heat Conduction ol J/mhr[T)
Ok | Cancel Eaply,

Fig. 7 Material property input dialog box
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Modeling using MSS Bridge Wizard

@ The Movable Scaffolding
Reaction is the reaction
from the self-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 crossbeam. 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
construction”. 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

—

AR A e
b i ]
0.2xL 0.2xL

Calculate reaction due to the weight of wet concrete l l l l l l l l l l l l

Rc + MSS l
Load MSS girder reaction and

[ e, T T e L T ] self-weight of the wet concrete

Fig. 8 Reaction acting at Rear Cross Beam
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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 is
assumed that 15 days
will be required for
installing formwork,
rebars and sheaths,
and 5 days will be

construction duration for each span (20 days “) and initial age for PSC box girder.

If MSS Bridge Wizard is selected, the difference between the Stage Duration and
Initial Member Age is calculated in the program to define Additional Steps, and

required for pouring and
curing concrete. Hence,
a total of 20 days per
each segment is
assumed.

@In MIDAS/Civil, the load
that has a time lag in the
same structural system
can be defined by using
Additional Steps without
having to define a different
construction stage. More
detailed explanations can
be found in Functions of
Civil > Construction Stage
Analysis Data > Define
Construction Stage in the
Online help.

@A curved MSS bridge is
modeled by checking
on Radius and inputting
the radius.

then the reactions due to self-weight of MSS girder and wet concrete are applied.

Model / Structure Wizard / MSS Bridge
Model tab
Bridge Model Data Type>Type1 ; Bridge Material>1: Grade C6000
Span(L)>10@50 ; Radius (on)>2380; Convex (on)
Fixed Support>250(50) ; Segment Division per Span>10
Cold Joint (S3)>0.2 ; Anchorage(S4)>3
Diaphragm(S5)>1 ; Stage Duration>20
Initial Member Age>5 ; Movable Scaffolding Reaction>4000 .

MSS Bridge Wizard
Bridge Model Data Type

_ Model &ection] Tendon ]

i TypeZ

Span<L1} Span<L2>

ragm Cold Joint

I-(T)-
Mo, Tarme

Bridge Material ! [1: Grade C5000 = ]

SpaniL) : | 1o@s0 m (e 30, 40, 5@50)
1 | 2380 m (v Comvex € Concave

Fixed Suppart : [250 (50) |

Segment Division per Span 3 | 10 ::l

Cald Joint {53 tfo.z L2 (Span]

Anchorage(S4) : |3 m

Diaphragmes5) 8 | 1 m

Stage Duration 8 |2D ::I dayis)

Initial Member Age B |5 ::I day(s)

< Eovable Scaffolding Reaction > H | 4000 kP

K

Qpen... | Save As... | oK | Cancel

Fig. 9 Model Tab in the MSS Bridge Wizard
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@PSC box section for
MSS Bridge is modeled
with respect to the level
of Center-Bottom.

Review section shape

10

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(0.54), H7(0.2); H8 (0.25)
B1(2.75); B2(0.75); B3(2.38); B4 (1.75)
B5(1.7); B6(1.2); B7(0.988); B8(1.45)

View Option>Drawing

MSS Bridge Wizard X
Bridge Model Data Type
+ Typel " Type2

Model Tendc-n ]

ki pe
Center ]Joint ] Diaphragm
HL: 0.2 m o Hz: 275 m
]'3:1"' = 56 H3: |0.3 m H4; |0.3 m
Hi H31 he lwifoz m we:fose m
L T m  Ha: 0z om
H2 H9 : m  HIO: m
| U7 El: |2.75 m Ez2: |0.75 m
H8 E3: |2.8 m B4: |1.75 m
B? BE i ES: 1.7 m BE : 1.2 m
B1I B2 B3 | g7: |08 w ms: (145 m
ES: m B0 m
Vieww Option T ’— m
" Drawing
Open... | Save As,., | QK | Cancel

Fig. 10 Input section property for 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 under the 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)

Centeiaphragm |

H: [IZ m  H2FTm m
. . B4  BS :
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: H7: [0.07 m  HE: |1 m
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B7 | B&: [1.28 m BE: |12 m
| B7:[0348 m  BE: [T m
B9: 058  m BID:[I5  m
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3 m
B5  B6 .
llﬂ I H3: |03 m H4 : 0.3 m g [Idate I
H4 S JOTET =)
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Ho: [02 mo HID: |1 m
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| B7:[0348 m  Ba:[145 m
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& Hitmap! <(‘ Drawing) dzte |

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 maximum bending 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 x
0.44 x

L1

R ¢ Girder

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(0.5); G2(0.2); G3(0.5)
S1(0.4);, S2(01); C(0.2); a1(0.567); a2(0.44)

MSS Bridge Wizard X
Eridge Model Data Type
" Twpel " Typez
Mode! ] Section
Inflection Point—j— |
a11 T““ IE—R""-——_____
a2
g1x C §2x ]

3 = Gz: [0.2 m
s1: |04 %L sz |01 %L 53 xL 54 m
: u] az : 0.44 xh

Tendon Froperty : wish - Jacking Stress : |07 % [su |
Grouting : " Prestressing Step (¢ Ewery |1 El: Stages
a: 0.15 m
b 0.2 m
I
‘ R mm
o
ab
Open... Sawve As... | QK Cancel

Fig. 15 Input Tendon Placement
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¢ Relaxation coefficient is a
material constant included
in Magura’s formula, which
is wused to calculate
relaxation effects of
tendons over time. 10 for
general tendons and 45 for
low relaxation tendons are
usually used.

16

Input the tendon properties such as tendon areas, constants related to losses and
tendon strength.

Tendon Property>;| (® in Fig. 15)

Tendon Property>i|

Tendon Name>Web ; Tendon Type>Internal
Material>2: Tendon
Total Tendon Area

Strand Diameter>15.2mm (0.6 ")

Number of Strands>22 .1
Duct Diameter>0.113
Relaxation Coefficient>Magura (45)9
Curvature Friction Factor>0.3 ; Wobble Friction Factor>0.0066
Ultimate Strength>1900000 ; Yield Strength>1600000
Bond Type>Bonded
Anchorage Slip (Draw in)>Begin (0.006); End (0.006)

Tendon Prop

Mame [ Tups |
Web Internal

Delete

Add/Modify Tendon Property

Tendon Type
Tendon Marme Web
Tendon Type InternaliPost-Tension) -
IMaterial ‘ 2 |2: Tendon j Close
Total Tendon Area ’W e
Duct Diameter W "
[ Relaxation Coefficient ’m ﬂ
Ulkimate Strength 1900000 khyfm?
ield Strenath 'W Khfm?2
Curvature Friction Factor ’037
\Wobble Friction Factor ’W 1jm Strand Diameter : |15.2mm(D.B") vl
External Cable Moment Magnifier '7 kNjm? MNurmber of Strands P =
Anchorage Slip{Draw in) Bond Type Cancel |
Begin  : [0.00& i + Bonded
End ;| 0,006 m " Unbonded
,Tl 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-t# 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 box girder. 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 outer and inner tendons.

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

MSS Bridge Wizard X

Eridge Model Data Type
" Twpel " Typez

Model ] Section  Tendon l

Inflection Point——— |
Gﬁ ;%EE 3

TS

81x c 82xL17T y

Tendon Property : ’m J Jacking Stress |D.? % |50 ﬂ
Grouking : " Prestressing Step {* Ewvery m Stages
a: 0.15 m
IH b ’T m
; ‘ R mm

Open... | Sawve As... | QK | Cancel

Fig. 17 Transverse Tendon Arrangement

17



ADVANCED  APPLICATIONS

18

After completion of data input, click LI 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 il Zoom Window and al Zoom Fit functions.

“| Point Grid (off),
. Node Snap (on), ﬂ Element Snap (on)

L

E Display
Misc tab
Tendon Profile Point (on)

Zoom Fit, % Hidden (on)

€4 Civil 2006 - [C:\Civil 700 TutorialsWMSS\MSS *] - [Model View] [BET

Gy Ele Edt Vew Model load Anabss Resufs Design Mode Query Took Window Help

-8
jdlgzp | UCSIGCS | View Co. gation| |3 "wrzard | Node | Element | Froperty | BC/Mass | Stage [ Load | Meving | Settlement | Result | Influsnce Lines/Sufaces | Query
: T v&ﬁ | oo BB i e R e |
DS |2 |G % U’Hékﬁ@@\@?f\%@»&@\? - & =i 2[G] 8
Tree Henu 2X 45 Model View | v
Menu | Tables | Grovp | Warks 4
& stucture Anlysis £
+ [ Corfiguation B
1 ) Geomely P
+| ¥ Static Loads
+1 b= Respanse Spectium Andysis G|
+ o Time History Analysis @
+ & Moving Load Analysis ‘{ i)
+ T Seltlement Analsis Data E
. ‘,‘,‘. Composis Section Analysis Data B
+ [ Heat of Hychation Analysis Data dh
[Ef MonLinear Analysis Data -
+ |F; Construction Stage Anabsis Data o
+ [ Resuks b
+1 4] Design @
+ & Query
-
-
t
¥
=
Zoom Window .
Message Window o x
p>
]\ Command Message A Analys Message \ l«l | D
For Help, press FL Nonel | U -602.68, 650,34, 0 G: 60266, 830,34, 0 [kN ~v|[m = 4] ¥ [fnon<] (2] 0Tz =]

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

@ Modifying or  deleting
nodes or elements is not
permitted in the
Construction Stage Mode.
Other than  activating
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 is 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
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@ Locate the cursor on
the Stage Toolbar and
review all stages one by
one by adjusting the
arrow keys on the
keyboard.

Information for construction stages

20

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

E Display

Boundary tab
Support (on)
Load tab
Nodal Load (on)d

Tree Menu>Works tab

Stage>CSO49

&% Civil 2006 - [C:\Civil 700 Tutorials\WSS\MSS] - [Model View]

%y Fe Edt Yen Model load snabss Resubs Deson Mode Query Tooks Window Help e

figgerty | BCJMass | stage [ Load | Moving | Settlement | Resul | nfluence Lines/Surfaces | Query
Bt i | Rl | @ b J
OO BY 5538 ¢ -0 R

B Model view | B

= X eriin: 3
T 1:Center
T 2:doint
T 3:Disphiagn
-y Boundaries

uppots : 5
ype 1[071100]
2 Type2[111100]
= B Node Local Axis : 5
2 Type 1 [ Angle ; about X=0 ; sbout =0
H# Type 2 [ Angle ; about X=0 ; about =0
# Type 3 [ Angle ; about x=0 ; sbout =0
x Type 4 [ Angle : about X=0.; about 1'=0
¢ Type 5 [ Angle : aboutX=0.: sbout =0
-1 4 Sttic Loads
I (G Static Load Case 1 [Seliw'sight ; Constiuctio
@ Selfwieight [52-1]
I ()} Static Load Case 2 [Prestress ; Constuction
£23 Tendon Frestiess Loads - 42
I [ Static Load Case 3 [WetConcrets : Construc
b NodalLoads: 1
- % Prestiessing Te
T

B hre2@IID |

-t

Construction Stage : 11
-1 B £S04 [20 dayls]]
ol Addtional Step=1
-1 R Stucture Group
-1 12 Active
B £S04 [Age=5 ]
= sy Boundan Group
-1 13 Active
sy Pierd_olle [ Deformed |
=1 % Load Gioup
-1 12 Active
4. PS03 Step=First]
4. PSD4b [ Step=Fist]
L WC04[ Step=T15]
-1 (54 Deactivated
de WEO3[ Step=First

4R

g

Plessage Window 2%

» [ [ATATETP, Commendeszage ), Analysis Message »

==

el |
None! | U:-246.44, 231.5,0 | Gi246.44, 231.6,0 [N w|[m ] 4] 10| Plllnence] [2

For Help, press F1

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

Static Load Cases E|

Marme . | BotTendon Add

Type : |Construction Stage Load {CS5) ﬂ Modify
Descripkion | Delete

No Name | Type | Description &
1|Selfveight  Construction Stage Load (C3) Construction Stage, Self Weight
2|Prestress  Construction Stage Load (C3) Construction Stage, Tendon Pre
3|WetConcrete Construction Stage Load (CS) Construction Stage, WWet Concre
4|2nd Construction Stage Load (CS)

» 5|BotTendon  Construction Stage Load (C3)
*
W
< b

Close

Fig. 20 Define Load Conditions
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Define prestress for the additional tendons and generate a Load Group
corresponding to superimposed dead loads.

# | Hidden (off)
g Display
Boundary tab
Support (off)
Load tab
Nodal Load (off)
Misc tab
Tendon Profile Point (off) J

@ Group tab
Group / Load Group / New...(right click mouse)

Name>2nd il

Name>BotTendon &l o

E51.Civil 2006 - [C:\Civil 700 TutorialsWASSUMSS] - [Model View]

iGa Fle Edt Vew Model load Andhsis Besuls Design Modk Query Took Windaw Hel _a

eque... | Grid/S; Wizard | Node | Element | Property | BC/Mass | Stage | Load [ Moving | Settlement | Result | Influsnce Lines/Surfaces | Query

UCSIGCS | Vier 0., dgvation
He) + P 3AG) o D fwed I2BAITBh & 1° 3 5 5 8|t | 1P e e e[ e 3
e =10 | LEHEAARA® BY DS A8 ¢ e - )i #[8]a

x4

iDs M|
Tres Menu
Meru | Tables  Group | Works

Ay Plerl_Fix B

Sy Pier2_Raller
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Sy Pierd_Roller

Ay FierS_Fix

Ay Fiert_Roller

Sy Pier?_Roller

Ay Fierd_Roller

Ay Plerd_Roller

B Model View | b x|

ol AR A ke s e N A

ey BotTendon
Suffix

(Example 135 6 7 ko 20by 2)

3
3
1
+

% P08
4 PSOEb
4 P509a
+- FSO0%
4 PS10s
4 P5106
F WCol
e W2

Add

Modify

£ R

Delete

Delste Inv

v cose

F W03
H W04
4 weos
# WCOB
4 wem
4 weos

2nd
BotTendon
oA Tenden e D

For Help, press 1

Hessage Window 2 x

<l

[T TP, Command Wessage A Analysis Message

[ RV R i
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Fig. 21 Load Group Generation



Construction Stage Analysis of MSS using the Wizard

% The reference point of
the tendon profile is the
Bottom Center of the
PSC box section since
the PSC box section is
defined relative to the
same location.

@ The slope is fixed by a
given value if “fix” is ‘on’
or generated within the
program fif fix is ‘off’.

@ Select Curve and input
the  tendon profile
referenced to circular
curvature on the X-Y
plane since the current
example bridge is
curved.

Nodesg €
Node /T_:?
(00 @

\

/

™ 2366.882 m
N

The prestress load due to the additional tendons in the first span acts at the
construction stage CSO1. The procedure to apply this additional prestress load in the
first span is as follows:

1. Define the tendon profile.

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

3. Activate the load group “BotTendon” in CSO1.

===

6 37[)7m_m
\pm

Fig. 22 Additional Tendon in the 1" span

Define the tendon profile to be added in the first span, referring to Fig. 22.% The
additional tendons are placed over 40m length between the i-t4 end of Element 2
and the j-#h end of Element 9. The start and end points of the tendons are each
located at Sm from the bridge end and the second support. The length of a single
element is 50/10 = 5m.

Loads / Prestress Loads / Tendon Profile
Tendon Profile>¢|

Tendon Name>Bot1 ; Tendon Property>Web

Assigned Elements>2to9

Input Type>3D ; Curve Type>Spline

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

Profile>Reference Axis>Curve “ (on)
15x (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)
Profile Insertion Point ( Node 2 )“0
Radius Center (X, Y) (0, -2366.882 ); Offset ( -2.235)
Direction>CW

% Tendon Name (Bot2); Tendon Property>Web
Node/119

Assigned Elements (2t09)
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@The center coordinates
(x,y) of the circle for this
bridge are (0,-2366.882)
because this bridge is
modeled with Node 59
as the symmetric point
and the y-coordinate of
the Node 59 is 13.118.

24

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)

Profile Insertion Point (Node 2)-®

Radius Center (X, Y) (0, -2366.882)9; Offset (2.235)

Direction>CW.

Transfer_Length

User definedlength | Bean: [0 Endi [0 m

BEEES|
Edt Vew bodl load fralyss Resubs Design Mode Query Took Window Help e
/Snap | UCS/GCS | View Co...| Activation | |i Wizard | Node | Element | Property | BC/Mass | Stage | Load | Mowing | Settlement | Result | Influence Lines/Surfaces | Query
B RN ) =P Bwwd ) B@ma @k & 3§ F 8|t 1P it i e e 2y
iDEHE X2 1SRIGE IEAKAMMEE® BY DB 4| § 20 - & 20 =
Tres Menu 2 X |4 /53 Model view | b x ”f
Add/Modify Tendon Profile 5] b
Tendonfame ¢ | T roup: [pefaut <] ] ®
Tendan Property web =[] B
Assigned Elements ¢ g — s
Input Type Straight Length of Tendon B
cr Z;D DED Begn: [0 m 5
urve Type &
& Spine C Round End: [0 m &
[~ Typical Tendon = o
By
@
&l

Profile
eference s  Straight @ Curve (" Element
7 192908

coomeer bbb
o s owm e owo2s s s Wy
2 Lz
O 5 a0 a5 e e s g 40,

H(m) ‘ yerm) ‘ z(m) |m‘ Ry[deg]| R’z[deg]‘ ~

0.0000 00000 06800 0.00 000

60000 00000 00620 % .00 000

350000 00000 00620 % 000 000

400000 00000 O08EO0 [ 000 000
|

~

Pontof Sym: (" First @ Last _ Moke Symmelric Tendon
Profils Inserton Point | 2445675, 0.5190212

Radius Center (4,1 0, -2366.852 m

Offset : [225  m Drecon: Jow |

x Axis Rot. Angle [0 =lideqr W Froection

Boi2 (M=t}

«=4 ¢ [0

bR

Grad, Rt Angs [y v| [0 =] [dea]

[TV, Commandbiessage

Analysis Message
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»

ILe
Nonel | U 250,71, 49.41,0 | G 25078, 40.41,0 kN wlm =] |4 b frenc<] RISz =

Fig. 23 Define Tendon Profile



Construction Stage Analysis of MSS using the Wizard

@ The tendons are jacked only
at one end. Therefore, input
prestress only at that end.
The jacking force is 70% of
the ultimate strength.

@Input 1 because this tendon
is grouted at the construction
stage CS02 after prestressing
the tendons.

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

Load/ Prestress Loads / Tendon Prestress Loads
Load Case Name>BotTendon; Load Group Name>BotTendon
Tendon>Bot1, Bot2 ﬂ Selected Tendons
Stress Value>Stress; 1st Jacking>Begin
Begin (0); End (1330000) *

Grouting: after (1) Stage @ ﬂl

E%1 Civil 2006 - [C:\Civil 700 Tutorials\MSSWMSS] - [Model View]

Edt Yew Model load dnaysis Besubs Design Mode Query Iook Window Help &

Wizard | Node | Element | Property | BC[Mass | Stage | Load | Moving | Settiement | Result | Influence LinesfSurfaces | Query
H ] D Bwwed o @mEa@h & T TR 1o e s e By b
DEHE| H - SR E LEKAEEGBY B5 46 ¢ - & B

T 2% 4% ModelView | box
Node | Element | Boundary | Mass | Load |

[Tendon Prestress Loads |

Load Case Name

"
:
©
@
BatTerndan < =
Load Group Name — ®
e — e =
Selsct Tendon for Loading A a
Tenden Selected é
Name 3
Botl =
Botz e
< > &l
Stress Value
© stress  Force
1st Jacking Begin -
Begin 0 Kijm?
= -
Grouting: sfter |L ] Stage 3
Tendon [ Type | LloadC.. |~
Cotzane ] suess  Presress +
Cot2a0ly Stress  Prestress ¥
023011 Stwess  Prestress
Prestross |y Ce
Add Modify Delete: @'
Qose
Message Window ax
[T 7T, CommardHessage }, Analysis Message TLe ol
For Help, press F1 Nonel | U:S8.56,367.83,0  Gisase, 367.65,0 (kN wllm | o 4l »llfnence] IR S0

Fig. 24 Loading Prestress
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Activate the load group “BotTendon”, which represents prestress for the first span,
at the construction stage CSO1.

Load / Construction Stage Analysis Data / E Define Construction Stage
Name>CSO01; M
Load tab
Group List>BotTendon
Activation>Active Day>First; ﬁl o

I Ste Add
<
C ! il il } Insert Prav
A Errew
C505 20 100 1
C506 20 120 1
(I 20 140 1
CSlE 20 160 i 4
Csm 20 180 1
C310 20 200 1 Delete
CEN 0 200 0 -
ol bdditianal Step
=2 Name : [ Day : [0 add | Delee
Durion [T = gay || C Exemelei 137040 ﬁz"v Clear
Auto Generation 1 15

Save Result
[ v Stage v Additional Step Step Mumber :[I° =
@The names for element

Generate Step
groups, boundary groups Current Stage |
and load groups, which are Elament | Enunda
automatically generated by = ivatl —Deactivatiol
the Bridge Wizard, can be
in “ i i : [Fi ~

found in “Define Structure D Deactive Day : [Frst =] day
(Boundary, Load) Group” Group List

Name [ Da |

in the On-line manual.

(" pdd ])Medity | Delete dd | Modiy | Delste

m Cancel | Apply |

e I |

Fig. 25 Activation of Prestress
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Construction Stage Analysis 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 / 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)

€ Givil 2006 - [C:\Civil 700 TutorialsWSSWSS *] - [Model View]
i Ble Edt Vew Model Load ndlyss Res

Design  Mode Query Tools ‘Window Help -8
E jsnap | UCS/GCS | View Co.... Activ d | Node | Element | Froperty | BC/Mass | Stage | Load [ Moving | Settlement | Result | Influence Lines/Surfaces | Query
g B8P FEBE. Bweed HaBLEBE S| F S F TSR o K e By ke 3
2 eRieE EHE ARl e)BY BB B[ - & - JieelBla

AX 4G Model View x|
iode et | Boundary | Mass | Load | 2 b
2
Element Bear s - =
L @
TG B
o . =
=] 3
B
Options =
@ ddd € Replace " Delte (]
Load Type: ET/\
Uniform Loads - b
&
PO AL LAR SN &
£
|:>| x

2

Direction Global 2 -
Projecti Cfes & No a
vl
@ Relative (" Absolute =
-
[0 3 [

el
) t
B ¥
Unit: khljm .':;
o -
&
Message Window ax
[Z17 7T\ Commandtessage ), Analysis Message TLe o

R sl Monel | Ui 432,49, -511.18,0 | G: 432,49, -511.18,0 |kN ~||m <] 4 40| 2 lleonc~] 2| =12 =

Fig. 26 Superimposed dead load
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Activate the Load Group 2nd in construction stage CS11.

Load / Construction Stage Analysis Data / E Define Construction Stage
Name>Cs11; _Modife/Shaw |
Stage>Duration (10000)
Save Result>Stage (on); Additional Step (on)
Load tab
Group List>2nd
Activation
Active Day>First

Add | o

Durat Da B R Additional Step
uration ate
= = - Add Delete
cS0l 20 20 1 Stage ——— Day : [T [ & ] : [ |
e o2 8 1 e [ on A CEvample: 1,37, 14 ) Moty | _Cewr |
C30d 20 80 1 Stage Insert Hext | Sep  [Day |
C305 20 100 1 Stage Auto Generation
C306 20 120 1 Stage Generate Save Result
o I i Et:gs Wadify/Show ’V  Stage [ Additional Step Step Number [T =
£3503 20 il 1 Stage
> T ) e Delete = Generate Step
S11 10000 10200 0 Stage Current Stage | n. |
Close Element | Bnundar
.| Activatio  Deactivation
ctive Day ¢ [First =] dav D) Deactive Day : [First =|day
Giroup List Giroup List
s Marme Da

§§?§g &l Mndi(y Delete Add | Modity | Delete

0K | Cancel | Apply |

Fig. 27 Modification for CS11



Construction Stage Analysis 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 Type or PSC Type.

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 not applied.

Input time dependent material properties as follows:

28 day strength: £, = 6000 psi (41368.6 kN/m?)
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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Model / Property / @ Time Dependent Material (Creep & Shrinkage)
Name>Creep&Shrinkage ; Code>CEB-FIP
Compressive strength of concrete at the age of 28 days>41368.6
Relative Humidity of ambient environment (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,.. | <

Tirme Dependent M.

Add/Modify Tire Dependent Material (Creep / Shrinkage)

MName [ Code [ Tupe
Creep&Shrinkage CEE-FIP

Mamne : [Creep&Shrinkage Code ¢ [CEB-FIP 3|

Modify
Delete I ~CEB
Compressive strength of concrete at the age of 28 days |4]353‘5 kh/mz
Fielative Hurmidity of ambient environrment (40 - 933 ¢ k] = %
Motational size of member ! Il M
4| 1 ® Close h=2+ac /u (Ac: Section Area, u @ Perimeter in contact with atrmosphere)
Type of cement
¢ Rapid hardening high strength cement (RS}
& Mormal or rapid hardening cement (M, R)
 Slowly hardening cement {5L)
Age of concrete at the beginning of shrinkage : |3 _I:' day
C Show Result,, [) 0K I Cancel I Apply I
——
Show Time Dependent Material Function E|
Creep Function Data Type Graph Options
{+ Creep Cosfficient [ ¥-axis log scale [~ ¥-axis log scale
" Shrinkage Strain
Start Loading : 10 Day e
End Loading : 10000 Day 1.6
Mum, of Steps : 24 1.4
E: 1.z
Time ‘ ‘ A5 [
Walue e
{day) .
1 13.34  2.5488e-001 g
2| 1778 3.7990e-001 g 0.8
3 2371 4.4874e-001 B oo
4 3162  5.1476e-001 I
] 4217 &7872e-001 Zooa
G| 6623 6.4348e-001 oz ]
7 7499 7.1011e-001
sl 10000 7.7926e-001 01—
— o 1000 ZE00 4000 SE00 7000 S500 o000
4 133.35  8.5123e-001 2 Time [day)
an ATT O nAacnEA nnd

Redraw Close

Fig. 28 Define Creep and Shrinkage Material Properties
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Construction Stage Analysis 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.

Model / Property / Time Dependent Material (Comp. Strength)
Name (Comp.Strength); Type>Code
Development of Strength>Code>CEB-FIP
Concrete Compressive Strength at 28 Days (S28) (41368.6)
Cement Type (a)>N, R : 0.25 Redraw Graph | 4

Add/Modify Time Dependent Material {Comp, Strenath)

~Mame ~acale Factor Graph Options
|C0mp.8trength |I.D ’V [T ¥-axiz log scale [T Y-axis log scale
~ Type
& Code  User 50000 -
45000 -
—Development of Strength ————— 40000 -
25000 -
Code : |CEB—FIF‘ =] 20000 4
5 = BE8wenpla«[1-(28/eg) 0,513 25000 -
Concrete Compressive Strength 20000 -
at 28 Days(528) 15000 -
I-'11358.E kM /2 10000 -
Cement Typela) 5000 7
L S s e e S e L
IN H : 025 ;I ; Z % & & 1z 1& 20 24 2%
Time [(day)
| HEdrEw Gran | 8] | Cancel |

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

Model / Property / @ Time Dependent Material Link
Time Dependent Material Type
Creep/Shrinkage >Creep&Shrinkage
Comp. Strength>Comp.Strength

Select Material for Assign
Materials>1:Grade C6000 2| Sclected Materials A9/ Modify |

€51 Civil 2006 - [C:\Civil 700 Tutorials\MSSWMSS] - [Model View] FEX
X:Lﬂ File Edit Yew Model Load Analysis Results Design  Mode Query Tggl lindow  Help -8
GridfSnap | UCSJGCS | View Co...| Activation| i Wizard | Node BC/Mass Stage | Load | Mowing | Settlement | Result | Influence Lines/Surfaces | Query
Zti’%‘?’?ﬁ@@ﬁll?@@%i&f ETes HERDO J
iDSHE| x| 2 | SR LEE S B BEYREAB § - & - |1 24 [8]
Tree Menu 2X 4% Model view | bx|

Time Dependent Material L |

Time Dependent Materisl Type

Cresplshrinkags  |Creepict <] ...
Conp. et [comp =] ]

Select Material to Assian

Selected

Materiak
e Materials

TiGrade C6000

BF b s 2000 5

opg

Add [ Modfy | ) Delete

tio Comp. ..
I Grade.. Creepi... Comp.. =
&
-
-
< > .
Close ]
23
%
&
Hessag Windw ax
AT [T, Command Message )\ Analysis Message IE o
For Help, press FL Nonel | Ui-135.42,237.9,0 | G:-15.42,297.9,0 kN ~Ilm ~] | 42| »[frene] WM [z &

Fig. 30 Connect time dependent material properties




Construction Stage Analysis 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.

Model / Property / & Change Element Dependent Material Property
@ Select all
Option>Add/Replace
Element Dependent Material
Notational Size of Member>Auto Calculate9 ; CEB-FIP 4

€0 Civil 2006 - [C:\Civil 700 Tutorials\MSSWSS *] - [Model View]

Fle Edt View Model Load fnalysis Resuks Design Mode Query

gals,_window  Help -8
Froperty JJC/Mass | Stage | Load | Moving | Settlement | Result | Tnflusnce LinesfSurfaces | Query

izard | Nade | Ele

eque... | Grid/Snap | UCS/GCS | View Co.... Activato

! grtryr ) DEAALETT ST H EEO |

DEE X 2 (SRS E CEHE REAE)BEY B @) § o - B toiss < LeBlal
Tree Menu 2% 4G ModelView | |
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Change Elemert Dependent Meter +| ...| i
Elstart Number B
Modetumber  [138 | .
Element Number iz | o
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@ addiReplace " Delete ¥
Element Dependent Material ET‘
Notational Size of Membe - F
h n @
Code : CEE-FIP - E
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Fig. 31 Input Notational Size of Member
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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
Final Stage>Last Stage
Analysis Option>Include Time Dependent Effect (on)
Time Dependent Effect
Creep Shrinkage (on)
Type>Creep & Shrinkage

@lIf Auto Time Step Convergence for Creep lteration
Generation for Large

Time Gap is checked Number of Iterations (5) ; Tolerance (0.01)

‘on’,  additional  time Auto Time Step Generation for Large Time Gap (on)9
fo;;;z ?g:ozigﬁzg 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 Analysis of MSS using the Wizard

Construction Stage Analysis Control Data &

Final Stage Nonlinear Analysis

{* Lask Stage " Cther Stage '—_| Mumber of Load Steps :
PESTU— IMaximum Mumber of Iterations Load Step =l
[ Include Maonlingar Analysis S Gl r
o o I
: r oo
O Cable-Pretension Force Control
¥ Include Time Dependent Effect {* Internal Force " External Force o '
Time Dependent Effect Frame Output
W Creep & Shrinkage [~ Calculate Concurrent Forces of Frame
Type [w Calculate Output of Each Part of Composite Section

" Cree " Shrinkage ' Creep & Shrinkage
P Y P g Load Cases to be Distinguished from Dead Laad For C.5. Qutput

Creep Load Case : Selfweight j Load Case Add

Convergence for Creep Iteration

Murnber of Iterations: 5 3 Talerance 0.01 Delete

[~ Only User's Creep Coefficient | J
" s Load Type for C.5, (Erection Load) : Dead Load of Wearing Surfaces ane ~
[~ Internal Time Step For Creep 4:
[v Auto Time Step Generation For Large Time Gap [~ Convert Final Stage Member Forces to Initial Forces for Posk .5,
T : Time Gap Tz 10 z 4:' T > 100 5 4::| ¥ 2
' o 7S T=s00 e [~ Initial Tangent Displacement for Erected Structures
Te 10000 |20 - . - B 3

[v Tendon Tension Loss Effect { Creep & Shrinkage ) r

] et (e it i [ Consider Stress Decrease at Lead Length Zone by Post-tension
[w Wariation of Comp, Strength w r
v Tendon Tension Loss Effect { Elastic Shortening ) e Sl Framery @heness
" Constant * Change with Tendon

v Save Cutput of Current Stage{Beam/Truss)

| oK | Cancel

Fig. 32 Assign Construction Stage Analysis Conditions

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

Analysis / g Perform Analysis
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Review Analysis Results

There are two methods of reviewing analysis results from construction stage

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

members at each specific construction stage,

analysis. One is to review accumulated stresses and displacements of all the
% and the other is to review the change

in stresses and displacements in specific elements due to the preceding construction

& Refer to Results > Stage/Step
History Graph in the On-line
manual.

stagesg. 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

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

Components>Combined
Combined (Axial+Moment)>1 (-y,+z) *

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

Load Cases/Combinations>Step List>First Step, User Step:1 (on)
Load Cases/Combinations>CS: Summation
Diagram Type>Stress ; X-Axis Type>Node

Bridge Girder Elem. Group>Bridge Girderg

Allowable Stress Line>Draw Allowable Stress Line (off)
Generation Option>Current Stage-Step

and Bending Mz.

€1 Civil 2006 - [C:\Civil 700 Tutorials\MSSWSS] - [Stress Diagram]
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Fig. 33 Stress graph for Bottom at Construction stage 1
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Construction Stage Analysis 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.

651 Civil 2006 - [C:\Civil 700 Tutorials\MSSWSS] - [Stress Diagram]
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Fig. 34 Magnify Stress Graph
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ADVANCED  APPLICATIONS

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

@Activate Model View. The Model View
Stage/Step History Graph Results / Stage/Step History Graph
menu can be used only . . &dd New Function I
when Model View is in an Define Function>Beam Force/Stress
activated state. Beam Force/Stress>Name (Top); Element No. (12); Stress

Point>I-Node; Components>Bend(+z)
Combine Axial (on)

Define Function>Beam Force/Stress
Beam Force/Stress>Name (Bot); Element No. (12); Stress
Point>1-Node; Components>Bend(-z)

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 |

&dd Mew Function |

Graph Title>Stress History

Edt Wew Model Load Anslysis Resubs Design Mode Query Tooks Window Help - Bx
?\]ue”“Gvid/Snav UECS/GES | View Co...| Activation zard | Node | Elemertt | Property | BC/Mass Sta\]e‘wad Maving | Settlement | Resul: | Influence Lines/Surfaces | Query
3 J|f i csor S A e Nl J
SH 2 | GRiE | | |7 -2 - alE)
Tree Menu 3% |48 vodelview G stage ristory Graph | b x|
StageiStep Graph |
Define Function Stress History k-
\Feam Force/Stress -
- — ] Add New Function
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i | Tof Mode
Narne r @ MitiFux,  C MubiLCase
[ LR 2
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ebiis
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Fig. 35 Graph of Stress changes by construction stages
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Construction Stage Analysis 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 J

€ Civil 2006, vil 700 Tutorials\WMSSWISS *] - [Stage History Graph]
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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 / StagelStep History Graph

Define Function>Beam Force/Stress A [z FLnCizn

Beam Force/Stress
Name (Moment); Element No. (12); Force
Point>l-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 ﬂl

6% Civill 2006 - [C:ACivil 700 Tutorials\MSS\MSS] - [Stage History Graph]
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Fig. 37 Graph of Member force changes by Construction stages
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Construction Stage Analysis of MSS using the Wizard

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

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

Part Mumber

|N0de o Element

|LDadcase/Combination |St Iﬂ.
All | Nonel \nversel Prevl ¢
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-BFEHE‘IS 1= Delste | ! e T
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PLANE STRAN —| Replac |
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Cancel
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Fig. 38 Stress Table for each construction stage
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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 button.

Results / Tendon Time-dependent Loss Graph
Tendon>Bot1

Tendon Time-dependent Loss Graph

Tendon:  [Bat1 - Stage: |CS01 | step: |First step ~| @
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Fig. 39 Prestress Graph




Construction Stage Analysis 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.

Results / Result Tables / Tendon / Tendon Coordinates

b {i IModel View/{il Tendon Coordinates ]
x Wy z
Tendon Mame Mo i i tm

L Buot1 0 -244 5675 0.5190 0.0000
__ |Bat1 1 0.0000 -2.2350 06504
__ |Bat1 2 1.2500 -2.2340 0.4526
__ |Bat1 3 25000 -2.2337 0.2543
__ |Bot1 4 3.7500 -2.2340 01147
__ |Bot1 a 5.0000 -2.2350 0.0620
__ |Bot1 [ 6.2500 -2.2340 0.0620
__ |Bot1 T 7.5000 -2.2337 0.0620
__ |Batd g §.7:300 -2.2340 0.0520
__ |Bat1 ] 10,0000 -2.2350 0.0820
__ |Bat1 10 11.2500 -2.2340 0.0820
__ |Bat1 i 12.5000 -2.2337 0.0820
__ |Bat1 12 13.7500 -2.2340 0.0820
_ |Bat1 13 15.0000 -2.2350 0.0&820
_ |Bat1 14 16.2500 -2.2340 0.0&820
_ |Bat1 15 17.5000 -2.2337 0.0&820
_ |Bat1 16 15.7500 -2.2340 0.0&820
__ |Bat1 17 20.0000 -2.2350 0.0620
__ |Bat1 15 212500 -2.2340 0.0620
__ |Bat1 19 22 5000 -2.2337 0.0620
__ |Bat1 20 23,7500 -2.2340 0.0620
__ |Bot1 2 25.0000 -2.2350 0.0620
__ |Bot1 22 262500 -2.2340 0.0620
__ |Bot1 pric] 27.5000 -2.2337 0.0620
__ |Bot1 24 25.7500 -2.2340 0.0620
__ |Batd 23 30,0000 -2.2330 0.0520
__ |Bat1 26 312500 -2.2340 0.0820
__ |Bat1 27 F2.5000 -2.2337 0.0820
__ |Bat1 25 F3.7500 -2.2340 0.0820
__ |Bat1 29 350000 -2.2350 0.0820
_ |Bat1 30 36.2500 -2.2340 01147
_ |Bat1 il 37.5000 -2.2337 0.2543
_ |Bat1 32 35.7500 -2.2340 0.4526
_ |Bat1 33 40.0000 -2.2350 06504
__ |Bnt2 0 -244 5675 051490 0.0000
__ |Bnt2 1 0.0000 22350 06796

Bot2 2 1.2500 22360 0.4520
<[ » | Tendon Coordinates f

Fig. 40 Tendon Coordinates Table

43



ADVANCED  APPLICATIONS

44

Review Tendon Elongation

Review tendon elongation values given in the table below.

Results / Result Tables / Tendon / Tendon Elongation

4 ‘:il Model 'v'ie\.n\l’/v‘:ill Tendon Elongation l

Fig. 41 Tendon Elongation Table

Tendon Elongsation Element Elongstion Summation
Tendon Mame Stage Step Begin End Bein End Blegin End
m) m) m) (m) (m) (m)
L Bat1 CE01 001 (fir=t) 0.0000 0.2214 0.0000 0.000& 0.0000 0.2220
Btz CE01 001 (first) 0.0000 0.2217 0.0000 00006 0.0000 02223
CE01a0_| CE01 001 [ fir=t) 0.0000 0.2809 0.0000 0.0007F 0.0000 02816
_|esMalt_r e 001 (first) 0.0000 0.2509 0.0000 0.0007 0.0000 0.2816
_ |cs01a02 ] CE01 001 (firzt) 0.0000 0.2869 0.0000 0.0007F 0.0000 0.2876
_ |esDa02_r Cs01 00 (first) 0.0000 0.2869 0.0000 0.0007 0.0000 0.25876
CE01a03_| CE01 001 (first) 0.0000 0.2916 0.0000 0.0007F 0.0000 0.2923
S == Cs01 001 (first) 0.0000 0.2916 0.0000 0.0007 0.0000 0.2923
CE01hO1_| CE02 001 (first) 0.0000 0.26258 0.0000 00006 0.0000 0.2635
S == Cs02 001 (first) 0.0000 02525 0.0000 0.0006 0.0000 0.2835
_ |CS01h0zZ | CE02 001 (first) 0.0000 0.2599 0.0000 00006 0.0000 0.2805
_ |CS0MB02_r CE02 001 ¢ fir=t) 0.0000 0.2599 0.0000 0.000& 0.0000 0.2905
_ |©s01k03 CE02 001 (first) 0.0000 0.2858 0.0000 0.000& 0.0000 0.2965
S = CE02 001 (firzt) 0.0000 0.2859 0.0000 0.000& 0.0000 0.2965
CE02a01_| CS03 00 (first) 0.0000 0.2452 0.0000 0.0005 0.0000 0.2457
_ |Cs02al1_r CE03 001 (first) 0.0000 0.2452 0.0000 0.0005 0.0000 02487
_ |cs02a0z | CS03 001 (first) 0.0000 0.2545 0.0000 0.0005 0.0000 0.2553
_ |CS02a02_r CE03 001 (first) 0.0000 0.2545 0.0000 0.0005 0.0000 0.2553
_ |©s02a03 ] CS03 001 (first) 0.0000 0.2605 0.0000 0.0005 0.0000 0.2614
_ |CS02a03_r CE03 001 (first) 0.0000 0.2605 0.0000 0.0005 0.0000 02614
CE02k01 _| CE02 001 ¢ fir=t) 0.0000 0.2319 0.0000 0.000& 0.0000 0.2324
_ |©502h01_r CE02 001 (first) 0.0000 0.2318 0.0000 00006 0.0000 0.2324
CE02R02_| CE02 001 [ fir=t) 0.0000 0.2400 0.0000 0.000& 0.0000 0.2406
_ |©s02h02_r CE02 001 (first) 0.0000 0.2400 0.0000 0.000& 0.0000 0.2406
_ |CS02b03 | CE02 001 (firzt) 0.0000 0.2479 0.0000 0.000& 0.0000 0.2485
_ |©S02h03_r Cs02 00 (first) 0.0000 0.2478 0.0000 0.0006 0.0000 0.2455
CE03a01 _| CE04 001 (first) 0.0000 0.2452 0.0000 0.0005 0.0000 02487
_ |©s03a01_r CS04 001 (first) 0.0000 0.2452 0.0000 0.0005 0.0000 0.2457
CE03a02_| CE04 001 (first) 0.0000 0.2545 0.0000 0.0005 0.0000 0.2553
_ |©S03a02_r CS04 001 (first) 0.0000 0.2545 0.0000 0.0005 0.0000 0.2553
_ |Cs03a03 ] CE04 001 (first) 0.0000 0.2605 0.0000 0.0005 0.0000 02614
__ |CS03a03 r CE04 001 ¢ fir=t) 0.0000 0.2608 0.0000 0.0005 0.0000 0.2614
_ |©503k01_1 CE03 001 (first) 0.0000 0.2318 0.0000 00006 0.0000 0.2324
_ |CS03h01 _r CE03 001 [ fir=t) 0.0000 0.2319 0.0000 0.000& 0.0000 0.2324
_ |©s03k02 ] CE03 001 (first) 0.0000 0.2400 0.0000 0.000& 0.0000 0.2406
ORI e Lo 00 i odny 0 onnn 02400 00000 nanne n annmn naAane
|« » | Tendon Elongation / |«




Construction Stage Analysis 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 a load combination.

Stage>PostCS @

Results / Combinations
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 El@gl

General }steal Design | Conerete Design | SRC Design |
Load Combination List Load Cases and Factors
No Name | Active| Type | Description ba LoadCase ‘ Factor “‘
i Dead Active  Add Dead Load(CS) 1.3000
* Tendon Secon 1.0000
Creep Seconda 1.3000
Shrinkage Sec 1.3000
k|
s
< ¥ v
Copy ‘ Import... Auto Generation. .. Spread Sheet Form Capy into | Steel Design -
File Namme: | CH\Chvl 700 TutorialsiME5IMS. Icp Browse Make Load Combination Sheet | Close |

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

Results / Forces /™ Beam Diagrams
g Front View
Load Cases/Combinations>CB: Dead
Components>My
Display Options>5 Points ; Line Fill (on) ; Scale (1.0)
Type of Display>Contour (on) ; Legend (on)

112006 - [C:\Civil 700 Tutorials\MSSWSS *] - [Model View]

Window  Help

: Freue... [ Gidf5nen | UCSIGCS | View Co...| Adtivation| | Wizerd | Nock | Element | Properuel BC/Mass | Stage | Load | Maving SememeﬂuenceUnES/Suvfsces Query

gty 2B nit e R B ORH J
|EREEE LHE D 6/BY 5538 ¢ - & - [i= alE]

2x|q

Ele Edt Wew Model Load Analysis Resubs Design Mode Query Took

iDEE|

Tree Menu

=

TR Model View |

s
HIDAS/Civil

rosT-rRocEssoR. | £
Soa DLORA |y

Reactions | Defarmat... Forses | Stresses

Components
© Fx

@

=

o
Cr
©omz

Pz
iy

Display Options.
c € NaFil ﬂI b
@ 5 Ppoinks @ LineFil

 seiid il

Seale: [ 1,00000
Type of Display
[ Contour .|
I vaes .
ml o |
I~ Mirored _..|
=

[~ Dsform .|
W Legend .|
I~ Undsformed o b
QuickView .|

- § 1|0

Qubp Section Location
r
4 o o

dse
g8 | s

4 -

Message Window.

>
< [Z17 [P\ Command Message  Fnalysiz Wessage

v

Ll | D
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For Help, press F1

Fig. 43 Bending Moment Diagram
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