Tutorial

Construction Stage Analysis for ILM



CONTENTS

OVEIVIEW.....cceiiiirer s s 1
Cross Section 4
Materials and Allowable Stresses 6
Loads 6
Setting Work Environment and Defining Section/Material
g o o= £ 9
Setting Work Environment 9
Definition of Material Properties 10
Definition of Section 14
Bridge Modeling using ILM Bridge Model Wizard ......... 17
ILM Model 18
Top & Bottom Tendons 23
Web Tendon 27
DEFINITION OF ILM CONSTRUCTION STAGE............... 38
ILM Bridge Stage Wizard 39
Input Diaphragm and Superimposed Dead Load 46
Perform Structural Analysis ........cccccvcemrnininnsennsssssssnnnnnns 56
Review Analysis Result...........cccccmmrrreircccsccerrrrrs e 57
Stress review by graph 57
Deflection Graph at Nose End 63
Reviewing Results by Table 64
Reviewing Prestress Loss 65
Reviewing Tendon Coordinates 66
Reviewing Tendon Elongation 67

Reviewing Section Forces by Factored Load 69



CONSTRUCTION STAGE ANALYSIS FOR ILM

Overview

The basic concept of Incremental Launching Method (ILM) is that approximately 15 to 30m
long units of bridge segments are prefabricated under plant conditions behind an abutment and
launched by means of sliding (on Teflon bearings), one segment at a time. Each current
prefabricated segment is post-tensioned with the previously erected box girder segments and
pushed in the direction of the bridge by launching equipment, which consists of a combination
of hydraulic jacks acting vertically and horizontally and sliding bearings. The structural system
continuously changes during the construction stage. The geometry, support condition and
loading condition of the temporary structure of each stage vary from one stage to the next,
without having any resemblance to the finally completed structure. In addition, bridges
constructed by ILM are affected by time dependent material properties such as concrete
strength (elasticity of modulus), creep and shrinkage. Without reflecting all these time
dependent variables, analysis results will deviate considerably from the true behaviors.
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CONSTRUCTION STAGE ANALYSIS FOR ILM

This example examines the procedure of carrying out a construction stage analysis for a PSC
(pre-stressed or post-tensioned concrete) box bridge constructed by ILM reflecting the change

of structural system.

MIDAS/Civil provides the following special functions for the convenience of analysis and
design by ILM:

» ILM Bridge Model Wizard: automatic generation of bridge model including tendon
placement.

» ILM Bridge Stage Wizard: automatic definition of conditions such as element activation
and deactivation, change of boundary condition, loading input, etc. for each construction

stage.

The construction stage analysis by ILM must reflect upon the changes in boundary conditions
and loadings through advancing construction stages as shown in Fig. 1. The following outlines
the procedure for performing a construction stage analysis of an ILM bridge by using ILM
Bridge Wizard:

1. Define material properties and sections
Model the bridge using ILM Bridge Model
Define the construction stages using ILM Bridge Stage

Perform structural analysis

LA

Verify results



CONSTRUCTION STAGE ANALYSIS FOR ILM

The example presents the bridge type and span configuration as follows:

Bridge type: PSC box bridge continuous over 3 spans (constructed by ILM)
Length: L=3@50.0=150.0m

Bridge width: B=12.315m

Skew: 90°(Straight bridge)
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Figure 2 Analysis model
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CONSTRUCTION STAGE ANALYSIS FOR ILM

The primary
tendons are post-
tensioned in 2
cycles (tensioning
over 2 segments)
or 3 cycles
(tensioning over 3
segments). This
example adopts a
2-cycle tensioning
method. The first
cycle and second
cycle tendons can
be separately
identified.

Cross Section [unit: mm)]
]‘ 1308 | 1,200 ‘ ﬁsn‘ 1700 | 1100 ‘ 1100 ‘ 1700 50 ‘ 100 | 1308 i
f GIRDER
S > EE ; —
: I
N A
— _B00K35a | 600353
R % R o | e

5,800 1

Figure 3 Typical section

In the case of a PSC bridge constructed by ILM, the tendon placement generally takes place in
two main stages. The primary tendons placed in the top and bottom slabs resist the self-weight.
The secondary tendons are placed and tensioned in the webs after the entire bridge becomes

completed (upon completion of launching all the bridge segments).
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CONSTRUCTION STAGE ANALYSIS FOR ILM

Maximum forces result in the bridge superstructure constructed by ILM immediately before a
pier supports it during the construction stage. This pertains to a stage where its cantilever
becomes the longest. In order to reduce the high temporary negative moment, a lightweight
structural steel girder, which is referred to as a launching nose, is attached to the front segment.
The length of the nose is usually 70% of the normal span, and its stiffness is about 10% of the
PSC box girder. The actual configuration must be determined on the basis of the span, stiffness

and self-weight of the bridge.
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CONSTRUCTION STAGE ANALYSIS FOR ILM

Materials and Allowable Stresses

»  Concrete (Using compressive strength gain curve for concrete maturity)
Design compressive strength: ASTM Grade C5000

»  Prestressing strands: ®©12.7 mm (0.5")
Yield strength: f,, =1600 N/mm”
Ultimate strength: f,, =1900 N/mm’
Modulus of elasticity: £, =2.0x 10° N/mm’
Prestress at transfer: fp,_ = 0.7fp” =1330 N/mm”
Anchorage slip: As =6 mm

Friction loss coefficients: p=0.30 /rad

k =0.0066 /m

Loads

> Dead load (self-weight applied during erection)
The program automatically computes the self-weight.
The self-weights of diaphragm, deviation blocks and anchor blocks can be input as beam loads.

(nose connection part: 763 kN, pier part: 516.1 kN)

>  Prestress
- Primary tendon
Top tendon: ¢12.7 mm x12(90.5-12)
A =09871x12=11.85cm’
Duct size: 63 mm
Bottom tendon: ¢12.7 mm x 9(¢0.5-9)
A, =0.9871x9=8.88 cm®

Duct size: 51 mm



CONSTRUCTION STAGE ANALYSIS FOR ILM

- Secondary tendon: ©12.7 mm x 15(¢0.5 - 15)
A =0.9871x15=14.81 cm®

Duct size: 75 mm

- Post-tensioned force at transfer: 70% of ultimate strength
f,, =0.7f, =1330 N/mm’

Loss immediately after anchoring (calculated internally by program)

Friction loss: Py, =P, -e ™™ (p=0.30, k=0.0066)

x)
Loss due to anchorage slip: Al, =6 mm

Loss due to elastic shortening: magnitude of loss, AP. = Af, - Ag,
Final loss (calculated internally by program)

Relaxation

Losses due to creep and shrinkage



CONSTRUCTION STAGE ANALYSIS FOR ILM

»  Creep and Shrinkage
- Conditions

Cement: Normal Portland cement

Concrete age at the time of launching: ¢ = Tdays
Concrete age when exposed to air: t, =3days
Relative humidity: RH =70 %
Ambient or curing temperature: t = 20°C
- Creep coefficient (calculated internally by program as per CEB-FIP code)
Deformation due to concrete creep and shrinkage (calculated internally by program

as per CEB-FIP code)



CONSTRUCTION STAGE ANALYSIS FOR ILM

Setting Work Environment and Defining Section/Material

Properties

@ Unit system may
be changed using
the status bar at the
lower part of the
screen (1 in Fig. 8)

To model the ILM bridge, open a new file (Ol New Project) and save (B Save) as ILM-
Bridge’.

File / E New Project
File/ = Save (ILM-Bridge)

Setting Work Environment
Define the unit system for modeling with kN (force) and m(Length).

Tools / Unit System
Length>m ; Force>kN
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CONSTRUCTION STAGE ANALYSIS FOR ILM

Use the 8l |
button when entering a
number of material
properties at the same
time.

Definition of Material Properties

Define the material properties for the nose and girder using the database contained in

MIDAS/Civil. Define the tendon as a user defined type by entering only its modulus of

elasticity.

Model / Property / Material
Type>Steel ; Standard>ASTM(S)
DB>A36 .

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

Name (Tendon) ; Type>User Defined ; Standard>None

Analysis Data>Modulus of Elasticity (2e8)
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Figure 9 Input for Material Property data
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CONSTRUCTION STAGE ANALYSIS FOR ILM

¢  Notational size of
member is automatically
assigned by selecting the

The characteristics of time dependent material properties are separately defined to reflect the
changing modulus of elasticity due to the change of concrete strength and creep and shrinkage

based on maturity. The time dependent material properties are defined as per CEB-FIP code

element after modeling
the girder. For details,
referto  “Using Civil
>Model>Properties>Chan
ge element dependent
property” of On-line
manual

» 28 day strength 35 N/mm?

» Relative humidity :  70%

» Notational size : automatically calculated based on box girder section area and
perimeter length

» Type of concrete normal weight concrete

» Time of form removal 3 days after casting (time at which shrinkage begins)

(4] ACI, CEB-FIP or user-
defined properties can be
used for Creep and
shrinkage properties.
defined, appropriate
properties are directly
defined in Time Dependent
Material (Creep/Shrinkage)
Function.

If user

Model / Property / @ Time Dependent Material (Creep & Shrinkage)

Name (Mat-1) ; Code>CEB-FIP"
Compressive strength of concrete at the age of 28 days  (35000)
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)

Time Dependent Material(C

Name [Code
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Figure 10 Definition of time dependent properties of concrete (Creep and shrinkage)
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CONSTRUCTION STAGE ANALYSIS FOR ILM

@ In defining the
concrete strength
development function, the
proposed equations of
ACI, CEB-FIP and Ohzagi
can be adopted.

Concrete strength increases with time. We will use the CEB-FIP code for the concrete strength

gain function in this example. Refer to the material properties used for defining the creep and

shrinkage properties.

Model / Property / Time Dependent Material (Comp. Strength)

Name (Mat-1) ; Type>Code"

Development of Strength>Code>CEB-FIP
Concrete Compressive Strength at 28 Days (528)(35000)
Cement Type(a) (N, R : 0.25)

Redraw Graph | N

fy Time Dependent Material (Comp, Strength)

Mame Scale Factor
|V|MaH |V|LD [

Graph Option

[~ X-axis log scale [~ Y-auis log scale

Tup
’V @ Code = User ‘
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Figure 11 Definition of strength development function varying with time

12



CONSTRUCTION STAGE ANALYSIS FOR ILM

MIDAS/Civil requires that the time dependent and general material properties be independently
defined and subsequently linked. This example links the material properties (Grade C5000) of

the box girder to the time dependent material properties.

Model / Property / @ Time Dependent Material Link

Time Dependent Material Type>Creep/Shrinkage >Mat-1
Comp. Strength>Mat-1

Select Material for Assign>Materials>
2:Grade C5000 ﬂ Selected Materials Operation>M|

Time Dependent Material Link ... l

— Time Dependent Material Type—

Creep/ShrinkagelNONE 'IJ
Comp, Strength INONE 'IJ

—Select Material to Assign

. Selected
Bl Materials

1436
2iGrade CROO0
3 Tendon J
>

E

— Operation
Add / Modify | Delete |

Mo | Mat [ Cre... | Comg
2 Grade CH000 Mat-1  Mat-1

| &l
Close |

Figure 12 Link between general and time dependent material properties

1
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CONSTRUCTION STAGE ANALYSIS FOR ILM

&  Offsetreferstoa
location on the cross-
section, at which the
stiffness center of the
beam element is
located. If Center-
Bottom is selected for
the Offset, separate
offset distances need
not be entered to specify
boundary conditions.

& y(z)-Axis Variation
defines the method of
varying element
stiffness in y(z)-Axis. For
details, refer to “Using
CIVIL>
Properties>Section” of
On-line manual.

Definition of Section

The cross section of the launching nose is a tapered section varying from one end to the other,

which is made up of a pair of girders inter-connected by cross bracings. Since the PSC box is

modeled as a single member, the double-section nose girder will be idealized as a single

member as well. For equivalent sections, the flange width and web thickness are doubled at

each end. “mm” unit is used for dimensions.

> Nose section

Location Actual girder size Equivalent girder size
End of nose 1 1250><400><10/20 1 1250<800><20/20
Connection part to the 12950><900><26/30 12950>1800><52/30
main
Tools / Unit System
Length>mm

Model / Property / ﬂ Section

Tapered tab
Section ID (1)

Section-i >H (1250)
Section-j >H (2950)

y-Axis Variation>Cubic

Name (Nose) ;
Section Type>I-Section

Offset>Center-Bottom @

User
B(800) ; tw(20) ; tfl(20)
B(1800) ; tw(52) ; tf1(30)

z-Axis Variation>Cubic

DBAee | Vakw | SAC | Combissd |
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Figure 13 Nose section & input dialog box
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CONSTRUCTION STAGE ANALYSIS FOR ILM

The shape and section dimensions of the girder are as shown in Fig. 14.

25

1L

oo o

iLT]

G5

DB/User | Value | SRAC | Combined |
PsC | Tapered | Composite
Section D_[Z [T esccelzcel -]

MName W
—Joint On/Off— —Outer
@ Jo1 HO1 [200 mm EBOT |Z708  mm
oz Hoz |240  mm  BOI-1 [1308  mm
W J03 Hoz-1 |40 mm  BO1-2 |U mm
I Ji Hoz-2 [0 mm BOZ J5E0 mm
"2 HO3 |50 mm B0 0 mm
W 3 HO3-1 |650 mm  B03 (2900 mam
~ Jia ~Inner
i HU [0 mm B [2000 mm
Hz [[@  mm Bl [T mm
pSection Twpe | Hioy [T mm BIH-2 [0 mm
&1 Cell Hee [0 mm B2t [B0 gm
O 2Cel H3 [T mm B3 [2865 mm
Hi3-1 [B53 mm  Bl3-1 |0 mm
H4 |35 mm BI3-2 (18865 mm
Hig-1 |0 mm B4 0 mm
Hi4-g |0 mm
HIS 400 mm
Offset
[Corroroz]
Show Calculation Hesults..‘| 0K | Cancel | Apply |

Figure 15 Section data input
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CONSTRUCTION STAGE ANALYSIS FOR ILM

PSC tab
Section ID (2) ;
Section Type>1 Cell

Joint On/Off>JO1 (on), JO3 (on), JI2 (on),

Offset>Center-Bottom
Outer
HO1 (200) ;
HO3 (2510) ;
BO1 (2708) ;
BO2-1(0) ;
Inner
HI1 (280) ;
HI3-1(653) ;
BI1 (2800) ;
BI3 (2486.5) ;

Name (Girder)

HO2 (240)
HO3-1 (650)
BO1-1 (1308)

BO3 (2900)

HI2 (190) ;
HI4 (373)
BI1-1(1100)

BI3-1(1886.5) .

HI2-1(0) ;
: HI4-2(0) ;

JI3 (on), JI4 (on)

HO2-1 (40)

; BO2 (550)

HI3 (1707)

HI5 (400)
: BI2-1(2800)

HOLf L_JOI

Thor o2
HOZI HOZ-2

BOI-1
.

Hos BOL-2

THos-1

-~ Wiewer

Figure 16 Section shape reflecting the dimension entries
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CONSTRUCTION STAGE ANALYSIS FOR ILM

Bridge Modeling using ILM Bridge Model Wizard

An ILM Bridge can be modeled using the ILM Bridge Model Wizard or general modeling
functions of MIDAS/Civil. We will first review the method of generating a bridge model using
the ILM Bridge Model Wizard, which includes the nose and tendon placement.

If the general method is applied, the 2-D (X-Z) plane needs to be defined in the Structure Type

for this straight bridge example. Since we model the bridge by the ILM Bridge Model Wizard,
the Wizard automatically determines if it is 2-D or 3-D.

17
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The age (7 days)
at which the concrete
segment becomes
activated.

When a curved
bridge is modeled, the
radius of the bridge is
defined.

ILM Model

Launching Nose & Bridge Information

placing and cured for 7 days before launching.

The element length for the launching nose is 2.5 m, and the nose is 35m long, which generates
a 14@2.5m nose. The number of workdays for each segment is set to 12 days. The initial

maturity of concrete is set to 7 days, which means the concrete is poured after 5 days of re-bar

Model / Structure Wizard / ILM Bridge Model

ILM Model tab

Bridge Information

Launching Distance (2.5) ;
Segment Age (7)

Launching Nose
Material>1:A36

; Section>1:Nose ;

Stage Duration

(12)

Length (35)

& Bottorn Tendon | Web Tendan |

—Bridge Information

Launching Mose

Saction | 1 MNose - J

Distance _ Define

Element Length [25 m  Stage Duration : [12 = days| | Material || |1: 636 o | [
I~ Radius |El m Segment &ge ¢ |7 3: days Section |1 |l: Mose vl J
¢ Convew @ Concave Length @ [
—Bridge Model ~Boundary Condition =
) ~Type
o " Final  Temporar
Material [T [T: &% 2| PR & None  Support

¢~ Point Spring ¢ Elastic Link

o %I Eastic Link Length : ID_ m
Length : Iu—m
Repeat Iﬁ
Add |
M -~ Tempaotary Boundary Position
M Length IID_ m Fepeat H
—— po
Delete Miadity
Delete
QOpen... | Save As.,, | QK | Cancel

Figure 17 ILM Bridge Model Wizard Dialog Box-ILM Model tap
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CONSTRUCTION STAGE ANALYSIS FOR ILM

Bridge Model

We now enter the information on the material and section properties of the bridge segments.
There are 7 segments (L = 12.5 + 5@25.0 + 12.5 = 150.0 m) in total. Each segment length must

be a multiple of the launching distance, otherwise it will prompt an error message when the

&dd | button is clicked.

Bridge Model
Material>2:Grade C5000 ; Section>2:Girder
Segment>Length (12.5) ; Repeat (1) Add

Segment>Length (25) ; Repeat (5) ﬂl
Segment>Length (12.5) ; Repeat (1) il

ILM Model | Top & Bottorn Tendan | Web Tendon |

- Bridge Information Launching Noge———————————————
Elemant Length ¢ [25 m  Stage Duration ; [1Z = days | Material [T [7: 5% (|
[~ Radius B [1] m Segment &ge ¢ |7 3: days || Section |1 |1:Nose - J

I Convex & Concaye Length @ |35 m
(—Bridge Model —Boundary Condition
@ Final ¢ Temporar rTvpe
Material |2 |2: Grade CHO00 = J IR = Mone i~ Support
Section rmJ Eistance Define | | ¢ Paint Spring ¢ Elastic Link
one

- Delete
Eiagmen %-5 Hggg —I Eastic Link Length : ID m
Length IIZ.S—m 5 Mone

i — 10 Mone

Repeat = | 125 Mone

o a5 None o

1 125

% gg —Ilnsert/'Prev Temparary Boundary Pasition

Insert/MNext
g %g LI Length ¢ |0 m  FAepeat IIW 3:
Muodif
3 Moty || | i |
: Delete | =

[ty |
Delete |

Open, ,, | Save 8s.., I 0K | Cancel

Figure 18 ILM Bridge Model Wizard - Bridge Model Input Dialog Box
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CONSTRUCTION STAGE ANALYSIS FOR ILM

@ A number of piers
(support conditions)
can be selected while
the [Ctrl] key is
pressed.

Boundary Conditions

Boundary condition for the Final (completed) structure

The support condition of piers and abutments (3@50 m = 150 m) is entered and used for
the construction stage analysis. In this example, a hinge condition is assigned at the
launching abutment where braking saddle is located throughout all the stages. The
boundary condition for the final structure is entered at the last stage.

Boundary Condition
Final
Distance>0, 50, 100, 150 ®
; Dy, Dz, Rx(on)

Define |

Type>Support

ILM Madel | Top & Bottamn Tendon | Web Tendan |
~Bridge Information Launching Mogg———
Element Lenath 25 m  Stage Duration : [12 = dayz | | Material [T [T A% = .
I~ Radius [ m  Segment Age : |! 3: days | | Section [1 1: Mose 'IJ
¢ Convex, @ Concaye Length ¢ ISE m
P ——
~Bridge Mndel—(—Bnundary Condition > =
T - Tupe
Material |2 |2: Grade ChO00 'IJ G TETIPRERY " Mone i+ Support
Section [ |2 Girder =] | ]Deisstaﬂce ﬂﬂ-N M  Point Spring ¢ Elastic Link
one
- Delete
e HSS Hggg —I Eastic Link Length : |D m
Length : 25 m 142.5 None
Repeat : |1 = }ﬁﬁ Hgg: Dk [ Dy Dz ¥
o, s ||| o ,F" it o Ry m Gz
[ 125
% Eg MI —Temporary Boundary Position
Inser/MNext
g Sg LI Length : |0 m Hepeat:ll 3:
Ml dift
. edty ||| e A |
d Delete | =
[ adify |
Delete |
Open... | Save &g, | 0k | Cancel

Figure 19 ILM Bridge Model Wizard — Piers of Final System
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Boundary Condition Input for Fabrication Plant

The Temporary Boundary Position defines the boundary condition reflecting the box girder
fabrication plant and temporary piers (refer to O of Fig. 20). These are not capable of
resisting uplift reactions, and as such the “compression-only” type of boundary conditions are
assigned. To avoid a Singular Error (instability) during the stages, a boundary constraint (Dx) is

assigned to the end of the bridge.

Boundary Condition
Temporary
Temporary Boundary Position>Length (150) @ ; Repeat (1) ﬂl
@  Thelengthin Temporary Boundary Position>Length (15) ; Repeat (2) Add

Temporary Boundary . Add
position represents the Temporary Boundary Position>Length (5) ; Repeat (1)
relative distance from Temporary Boundary Position>Length (10) ; Repeat (2) Add
the starting point of the e
bridge. r\IJogtepthlat the Temporary Boundary Position>Length (5) ;  Repeat (1) Al
launching direction Distance>150
starts from the finishing Type>Support ; Dx (on) ml

point of the bridge (right
side)

Distance> 165, 180, 185, 195, 205, 210
Type>Elastic Link ; Elastic Link Length (1)
Link Type>Comp.-only ; SDx(1e10) ; Beta Angle (0) _B=fine ]
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ILM Madel | Top & Bottorn Tendan | YWeb Tendon |

~Bridge Information

Launching Nogsg—————————————

Element Length 2.5 m  Stage Duration : |14 = days| | Material [T [T 836 -] .
[~ Radius i m  Seament dge ¢ |7 3: days | | Section [l IW:Nose - J
 Convex @ Cojcaye Length ¢ |35 m
~Bridge Model ~Boundary Congiti
Materlal [2 -  Final C & Temporary - Tupe
ateria |2. Grade C5000 'IJ = Mone ¢ Support
! |—2 o Girder = Distance Define | ¢ Point Spring ¢ Elastic Link
S:mmn it I J J i hone Delete |
e }gg Euﬁﬁﬁﬂ Eastic Link Length : || m
Lenath © [I25 m 180 E:Link Link Typg——————————————
@ Repeat : [T = & i « General Type (~ Rigid Link
Ldd 205 E.Link i Tens.-only & Comp, -only
| 210 E.Link
25000 25.000 w‘ Temparary Boundary Positian 50w |1el0 kM/m
15600 3000 Insert/ext (i
15.000 ‘ LI Length :[5 m  RAepeat ilW 33 30y kM/m
GiroEr Iodify sz |1 Ki/m
Mo, [ Length - Add | 0
. | | 'UN Delete 1 150 s ki [rad]
ABUTMENT —ZTP2 TP1PLANT 2 15 Modifyl SRy | by Lrad]
3 15
PIER - 13 4 5 — _Dalete | SFiz [0 kM-m/[rad]
- 5 10 =
|‘ : 5| in _’l—l Beta Angle ¢ |0 =] [deg]

Open... | Save &g, |

Ok | Cancel

Figure 20 ILM Bridge Model Wizard — Boundary Condition
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Top & Bottom Tendons

We enter the slab tendons (primary tendons), which are tensioned at the time of launching.

\ PRjaRT
R
IS eesass

\ E“:_i

Figure 21 The conceptual tendon placement

Tendon property definition

First, we define the characteristics of the primary (slab) and secondary (web) tendons. The
tendons are defined as to whether or not they are internal or external, followed by defining
tendon section area, duct diameter, relaxation coefficient, curvature friction factor, wobble
friction factor, ultimate strength, yield strength, jacking method and the slip quantity at the
anchor locations. Table 1 summarizes the number of strands, duct diameters and tendon names
pertaining to each location.

Table 1 Tendon information at each location

Location Number of Duct diameter Tendon name
strands
Primary Top slab 12EA 0.063 m TT
tendon Bottom slab 9EA 0.051 m BT
Secondary tendon 30EA 0.106 m WT
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@  Tendon types
determine Relaxation
Coefficients. Use 45 for
low relaxation tendons.
Check off the box to the
right if relaxation is to be
ignored.

Select ‘One Cell’ among the types standardized in MIDAS/Civil, and define the primary and

secondary tendons at the same time. The secondary (web) tendons are made up of 15 strands.

Assume that 2 tendons are combined into one, thereby defining the number of strands as 30 and
the duct diameter as \/E(I) =2 x0.075m = 0.1061m (refer to the detail portion of Fig. 21).
Specify the jacking force of the tendons assuming 70% of the ultimate strength. Refer to the

example definition part for various coefficients.

One Cel =

(Fig. 22 D)

Tendon Property _I ; &I

Tendon Name (TT) ;
Material>3: Tendon
Total Tendon Area _I

Strand Diameter>12.7mm (0.5”) ;

Tendon Type>Internal (Post-Tension)

Number of Strands (12)

Duct Diameter (0.063) ; Relaxation Coefficient>45 @

Curvature Friction Factor (0.3) ;
Ultimate Strength (1900000) ;

Wobble Friction Factor (0.0066)
Yield Strength (1600000)

Load Type>Post-Tension

Anchorage Slip>Begin (0.006) ;

End (0.006) .J

Refer to Table 1 for the remaining tendon data input.

Internal
Internal

Tendon Froperty
Tep k
Bottomn =] [[ln

Tendon Arangement

Amangement Type ¢ [2Cvcle =]
Tondon A Jacking Order <150 %]
Tendon B Jacking Order : [T =]

Jacking Suess

Top N N T |
Batiom ¢ [17 % [su -
Grouting

1 Prositrossing Stop

& Euery [T = stages

Tendan b :
Tendan Type i [internakPost-Tension) =
Maviial : [ Tendon =] Tl
Total Tendan A : OOTEE m L
Duct Diarsote : [0S m
Relaxation Conficiort ¢ [55 |~
Curvatuee Friction Factor : [[3
L | Wabblo Fricien Factor @ [R5 1/m
Uit Strength ;[T .
g7 |m B2: /i
‘Vield Strength TR0 N /me
AP ) Ancharage Slip(Deaw in) Bond Typs
[ = N2i| || pogin : I8 m  Banded
End o I0Em  Unhonded
Cancel | ooy
OF, | Cancel

Figure 22 Dialog Box for defining primary and secondary tendon properties
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Primary Tendon Input

Specify the primary tendons as per Fig. 23.
[unit : mm]

{ GIRDER

1817 IP230=630 700 S@230=1150 1,800

PRIMARY TENDONS

15w 17 MW 0

TENDONS STRESSE

2.750

PRIMARY TENDONS !
9 ¥ 12.7 MM

‘ - 40 eo-e0 —

‘ 1010 ‘ 98210=1.890

Figure 23 Primary tendon layout

ILM Model Tap & Battom Tendon | web Tendon |

-~ Type
One Cell j St B1
B2
N1 ———
~Tendon Property ————————————————— [ — e THL
Te [T =l N2
Bottorn |BT - _I e
~Tendon Atrangement
Arrangement Type : |2 Cycle -~ ! N3
Tendon A Jacking Order : |15t -~ =
Tendon B Jacking Order : |15t -~ o =
—Jacking Stress

Top Ser FEN =l B1: [365 m B2: |29 m B3: |0 m
Bottom ¢ (0.7 W |Su ‘I B4 : l25— i ES:IU— i

~ Grouting
Hi : [0.165 Hz : IE.?E st |0.23 Sh:(0.21
" Prestressing Step m m m m

& Every [T = stages N1 :I‘1 = ;lE =g = oma:[T = ows: |d =

Open, .. | Save As,., | 0K | Cancel |

Figure 24  Dialog box for primary tendon input
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@  If Prestressing Step
is selected in Grouting,
the grouting takes place
at the stage of
tensioning the tendons.
If Every is selected, the
tendons are tensioned
at the number of stages
entered, and the
grouting takes place at
the beginning of the
subsequent stage.

Select ‘2 cycle’ for placing the primary tendons. The tendons are tensioned in 2 cycles, the
group of tendons stressed first and the remaining tendons stressed next. The tendons in the first
group start from the most-exterior tendon as shown in Fig. 24. Likewise, the bottom slab
tendons are defined as the top slab. A ‘2 cycle’ method refers to tensioning the total tendons in
two stages over 2 segments. A 3-cycle method involves dividing the total tendons into three
groups and tensioning 3 segments together at each stage. Also, define the tendon jacking orders
for Tendon A (Top slab) and Tendon B (bottom slab) in ‘Tendon A Jacking Order’ and ‘Tendon
B Jacking Order’ respectively.

Enter “0” for “B3” if an odd number of tendons is placed in the bottom slab, and enter a one

half spacing for “B3” if an even number of tendons is placed.

Type> e T H
Tendon Property>Top>TT ; Bottom>BT

Tendon Arrangement>Arrangement Type>2 Cycle

Tendon A Jacking Order>1st ; Tendon B Jacking Order>1st
Jacking Stress>Top (0.7), Su ; Bottom (0.7), Su
Grouting>Every (1) ®

B1(3.65), B2(2.95), B3(0), HI1(0.165), H2(2.75)

St (0.23), Sb(0.21), N1(4), N2(6), N3(9)
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Web Tendon

Specify the secondary tendons as per Fig. 25. Two groups of tendons are placed to overlap and
alternate over two segments at each stage throughout the entire bridge length. Additional
tendons will be placed in the first three and the last three segments of the bridge. Those tendons
that are placed in a regular cycle are entered under Web Tendon tab of ILM Model Wizard, and
the additional tendons at the beginning and end are entered by the Tendon Profile function.

0.075 x L
[ GiroeR
SECON DARY TERNDONS
]
— g g 8
& % =]
[ s:!- — g
16-39 3 \j// ! -y
@« =) . —tg’_,
— BF
2,503 o =
|7z I I
ABUT-1 \§ | PIER-1
058 x L 02 %L
L

Figure 25 Secondary tendon arrangement diagram (longitudinal vertical cross section)
and tendon coordinates
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Select a type among the standardized types predefined in the program. The secondary tendons

can then be defined by simply filling in the entry fields.

Web Tendon tab

Type>l=

E_ N

Tendon Property>1st Tendon>WT
Jacking Stress  (0.7), Su
Position>FEy (2.503) ; Theta (16.39)
Grouting>Every (1)

H(1.6), G1(0.24), G2(0.15), G3(0.312), C(0.2)
$1(0.38), S2(0.2), S3(0.075), a(4), b(4) J

ILMMaode

ILM Madel | Top & Bottern Tendon  Web Tendan |

Type ~Puosition Grouting
'\ ¢~ Presiressing Step

N N N Tipe2 -

= = = @ Evary IW _qstages
_H Tendon Fropeny

I Inzlude nside Tendon
[ 1stTendon  [WT B3|
[2nd Tendon | | Ey
| 3d Tendon -
! - Ev 503 m [Theta [639  [deg]
Jacking Stress @ IU.? % [Su -
Inflection Point - ~ Anchorage

_—'-’_'_'__\_\_“\-\.__\_k
S|

Six [ §3=11T
82x ‘
H INE m &il IU‘24 m gz [0.18 m g3 [0.312 m c ID‘E m
s1 [0 xL sz [oz L 53 [00%& wL a [t m b [* m
Open... I Save As.., I 0K | Cancel

Figure 26 Secondary tendon input dialog box
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Once the model is completed using Wizard, use the ‘Change Element Dependent Material

Property’ function to enter the value of Notational Size of Member that will be used at the time

of computing shrinkage.

Model / Property / E Change Element Dependent Material Property
@ Select Identity-Elements
Select Type>Section

2:Girder

Option>Add/Replace
Element Dependent Material
Notational Size of Member>Auto Calculate ./

Add

il - (D

% Fie Edt View Model Load Analysis Aesults Desi

Mode Query Tools Window Help

D@ |o.
|Ffwe 1| |2

S 8RR

2,

%
Model View |

Noge Element ]Bnun | mass | Load |

Change Element Dependent =] ,..|

Start Hode Mumber : [67 ..

Start Element Number : T8
" CEE-FIP
- Option

& Add/Replace

 Delete.

| Element Depandent Material
Motational Size of Member =

 Input & Auto Calculate
hi [ m
The fomula Is b =2+ Ac /u

in [CEB-FIP =] Code

B Pdsse@PFO A «=tt BOOSD|

PR

For Help, press F1

DR IHUALERS

-

&

Y

MMETSC

i

Bad %

&

old

a[Ee/733||aBk S A Ue (KBS0 |2
Y& LEE R0 0 BY 2% a® [

22268

Al None | werse | Prav
I~ Nodes
@ Elements [Mo%
Salsct Typs :
o Delete
Aeplace
Intersect
(i ™ Multiple A N [
1
Close S o i
em:rmuu—""
prettd
" Aiakd
,"ﬂnﬁ”

gttt

TATETRR commana Message £ Andlysis Wessoge /|
U191, 306,50

[ Wonel  |U: 191, 306,

[[EY] v
L O [T | o s - = P

Figure 27 Revision of the value of Notational Size of Member for Girder
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Once the modeling is completed, verify the section shape using ﬂ Hidden and the tendon

placement in a 3-D view.

% Hidden (on)

g Display
Misc>Tendon Profile (on)
Boundary>All ; Support (on), Elastic Link (on), Local Axis (on)

e View Model Load Analysis Hesuls [esign Mgde Query Tools Window Heln ﬂ

[Dsm % |2t [@nk| [aRoner ran LBt 4oL ;1.5@@ B
B3] [er Ja 16 LEEAGE0 BY kA [Prabe B (866

Moess | Tabdes Group | Model View |

: g
ret @ |
R Stucture Group | 9 1
e D |0 1
™ Soarment] [ Nodesl2 : Eloma| | G -8
£ Seqment [ Hode=22 . Elome| | P o5
R Seamentd [ Node=22 | Elumg e
£ Segmentd [ Node:?7 : Elama| | #= =
9 Soarments [ Nodes22 : Elormo | | we | b
£ Segmenth [ Node=22; Elomo| | 4 " |
R Segment? [ Node=12 ; Eleme 8 |
. fiodee o | | ¥ 5
— P
: @ ||~ &
- &=
ST 4 i
i Solf¥eight B
& TB-Prevross| o
4. TB-Prestresal B ¥
& TB-Prestessd o
i TO-Prestrnssd @
4. TB-Prestrussh &
. TB-Presresab b 4
& TB-Presress’ X
k- Wab-Prasiress Y
G e
"
& &
« @
+ @
& m
bl
o
I
4 1 ol -
For Helo. pnss P

Figure 28 ILM bridge and tendon placement diagrams after completing input

After the bridge model is generated by ILM Bridge Model Wizard, the Structure Group (D of
Fig. 28) for the nose and each segment, the Boundary Group (@ of Fig. 28) for the Final
System and Temporary Group (Fabrication plant), and the Load Group for jacking forces and

self-weights are automatically generated.
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Define the additional tendons at the starting and ending zones of the bridge using the Tendon

Profile function. Activate the corresponding segments first and input the tendon layout as per

Fig. 29.
@
o
i
. L
g \ @ = E o
H = | — —
Y =
ABUT-1 PIER-1
19,000 ‘
40.000 |
50,000 | 10.000
§ GirDER
SECONDARY TENDONS
h |
—— |
16-39
2,503
Figure 29 Secondary tendon layout
Table 2 Coordinates of secondary tendons
[unit: m]
Description ) @ ©) @ ®
Distance 0 19 40 50 60
Ez 2.160 0.500 1.717 2.785 1.763
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J Point Grid (off), Point Grid Snap (off), ﬂ Line Grid Snap (off)

% Hidden (off)

g Display
Misc>Tendon Profile (off)
Boundary>All ; Elastic Link (off) «

@ Active Identity
Group>Segment1, Segment2, Segment3 __fctive |

5/Cl - [0 dge Vigw!
Eile Edit Mew Modol Losd fnalysis Aesuhs Desion Mode Query Tools Window Help
jo@@ x (= @ne (Dp = #rr3a aneranouie (xS smw |» 2
[rr=—3] [[o 221 36 LEE A6 BY a8 ae | reyD)P [=6s
Merus Em'um wviorts | Ei_: :7 Hodel View |
e Al SIS o |
[+ Configurstion a
% @) Bucinehy @ Jg || | Cument UCS Plane & Groun
(=} k- Static Loads. ] | adv || | Namod Flann " Load Group.
[+ by Matponse Spactum Analysis o it  Boundaey Group Mamber
[+ o Timn Hislory Analysls o
(=3 B Moving Load Analysis M
T8 Setlement Anslysis Dats - M
[+ 4 Compusite Section Anabysis Dais| | g /" || | [21300000
[+ [§ Hast of Hydration Analysis Gate || |[z2emeen
Honlineas Anaysis Data = | | egmens,
I Construction Staga Analysis Dan | |—— <%
[0 Resuns FaE
A=
=1L Ouory S| T desivated object only
2% e ||
® e Active Al Cloge il
@ s SR
Ay L o T
3 Ao o Tl 2
* i AT i
i T,
= v "
i
& @
|
+ m B
B
fr
T -
4| | » - "W
[Far Holp. press F1 NN

Figure 30 Activation of segments 1, 2 & 3 only
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@  Grad. Rot. Angle
represents the angle of
the bridge expressed in
terms of rotation about
the axis specified. Y =0
represent that no
vertical slope exists.

The Tendon Profile function automatically places tendons in an optimum curvature that
minimizes the rate of curvature changes by incorporating the user defined tendon coordinates.
The more coordinates that the user specifies the closer to the actual profile of the tendons will

be placed.

The profile of the web tendons is defined with the y-coordinates being “0” as if the tendons
were placed on the vertical x-z plane. Only the variation in the vertical (z) direction along the
(x) direction of the bridge is identified, and the coordinates are projected later onto the web in
the y-direction. The rotational angle of the web is entered to identify the projection plane. The
highest and lowest points of the profile are “fixed” to specify fixed curvature vectors. In this

case, the vectors are fixed to the horizontal-tangential direction in the direction of the bridge.

= Element Number (on)

Load / Prestress Loads / Tendon Profile A

Tendon Name (WT-End1) ; Tendon Property>WT
Select Window (Elements:15~38) or Assigned Elements (15t038)
Straight Length of Tendon>Begin (4) ; End (4)
Tendon Shape>Straight ; Profile Insertion Point (35, 2.503, 0)
x Axis Direction>X ; x Axis Rot. Angle (-16.39), Projection (on)
Grad Rot. Angle>Y, (0)
1>x(0) ; y(0) ; z(2.16)
2>x(19) ; y(0) ; z(0.5) ; fix(on)
3>x(40) ; y(0) ; z(1.717)
4>x(50) ; y(0) ; z(2.785) ; fix (on)
5>x(60) ; y(0) ; z(1.763) d
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|[Ga e Edt Vaw otel Load dnaiyai fenits Made Guery Tools Wisdow Meln
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Tondon Hama: i |
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Figure 31 Definition of additional tendons in left web at left end of the bridge
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Copying the tendon WT-End1 and changing the Profile Insertion Point and web rotation angle
can create the tendons in the right web at the left end of the bridge.

Tendon Profile>Name>WT-End1 ; Suffix (-1) __coev |

WT-End1-1 __ Modify |

Profile Insertion Point (35, -2.503, 0)
x Axis Direction>X ; x Axis Rot. Angle (16.39), Projection (on)

Tendon Profile
[Mame [ Property [ Elernent Na, List | Add
OP19-01 1501
OP13-02 20to3 Modify
OP19-03 4lkab
OP13-04 £hto7 Change Propery,.,
OP20-01 15t02!
Oopa0-0z 3tod Delete
SE i
S 2
EEB; }gmg & Copy " Move
ito. o 1
£603 15ka IR
Eggé %?tng Suffix |1
il '
EBOG Bt 7 Distance : m
EBOT 3lto7: 0,00
EB0G a7
T-End 1 15t03) Copy / Move
L1l 1B Cloze |

Tendan Nama ¢ [WTEnai-1

Tendon Propey  © ""'T—L' _|
Arsigred Elements ¢ % —————
InpuA Type Curve Type
L) + Splive Found
Swalght Lengih of Tendan
Bagn : [1 m End:ll m
Profile
¥ boasare ¢
M ™ . n - 0 ':'a(
T e
el S N N O i S
L T R
5 a8 e 3 e a0 4o

Paine of Sym,:  First = Last Make Symmetric Iundw[

Tendon Shape : @ Swaight © Curve  Element
Profle Insertion Point ¢ [%. -2 700, 0 "
= Aty Direction te X ¥ Vector

# Als Fiot. Angle © [TE 5] [dag] = Pralocsion
Grad, Aot Angle @ [V =] [0 =] [deg)

[Cok ] concet | ol |

Figure 32 Definition of additional tendons in right web at left end of the bridge

E Active Identity

Group>Segment5, Segment6, Segment7 __fctive |

Activate only the segments 5, 6 & 7 for defining the web tendons at the right end of the bridge.

35



CONSTRUCTION STAGE ANALYSIS FOR ILM

Similarly, copying the tendon WT-Endl and changing the Profile Insertion Point, x Axis

direction and web rotation angle can create the additional tendons in the left web at the right

end of the bridge.

Tendon Profile>Name>WT-End1 ; Postfix () &I
WT-End1-Copy L Moy |
@ Unselect All, Select Window (Elements : 51 ~ 74)
Tendon Name (WT-End2)
Profile Insertion Point (185, 2.503, 0)
x Axis Direction>Vector (-15, 0)
x Axis Rot. Angle (16.39), Projection (on) o
Tendon Profile>Name>WT-End2 ; Suffix (-1) &I
WT-End2-1 L Modiv |
Profile Insertion Point (185, -2.503, 0)
x Axis Rot. Angle (-16.39), Projection (on) J

Gi e Edn Yaw Model Losd dnaivels Besats Design Mpde Query oo Sndow e

|O@@ > D @B MRy ®rr R (AR AN LE NFS440Q o2
Bl =12 A < & Amd o By ws-:-:‘::s-s» =g a
Jadd Modey Tandon Prome ______________EIJ§

Ll

Tondun Mame ¢ [WTErar
Tandon Propersy = [W1 — = .
Inpint Tyge Curvs Type

20 30  Spline Round
Stralghd Lengh of Tendon

Blegin = [& m End: 4 m
Prafis

£
Polnt of Sym: . First = Last Make Symmotic Tendon |

Tendon Shape : = Swalght  Curs — Elamant

Profile Ingertion Point = s‘m ﬁ m
0 i Dingction = ST achy —
w00 L —
% At Fow A * [T fug] = Prujecion =]
Geud Aot dngle 1 [V =] [T = (eg)
ok ] coneel | Mol | iy, L 7 Ll o
rorre e Vol BTHOD BIE D W EE = =T =i TS|

Figure 33  Definition of additional tendons in left web at right end of the bridge
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Assign the jacking forces for the additional tendons placed at both ends of the bridge. Tension
the tendons at the left end of the bridge first, and specify the tension forces at both ends of the
tendons.

Load / Prestress Loads / Tendon Prestress Loads

@  When ILM Bridge Load Case Name>Prestress

Model Wizard is

executed, “Self Weight” Load Group Name >Web-Prestress

and “Prestress” load Selected Tendon for Loading>Tendon >

conditions are ﬂ

automatically generated WT-End1, WT-End1-1 Selected

and entered. Stress Value>Stress ; 1stJacking>Begin (left-end of bridge)
Begin (1330000) ; End (1330000)

Grouting> After (1) il

Selected Tendon for Loading>Tendon>
WT-End2, WT-End2-1 ﬂ Selected
WT-End1, WT-End1-1 | Tendon
Stress Value>Stress ; 1stJacking>End (right-end of bridge
Begin (1330000) ; End (1330000) il
Grouting> After (1) e

)9

Node | Element | Bouncary | Wass Load ]

Tendon Prestress Loads ] .. |
Load Case Name
Prestress -
Load Group Name
‘Weh-Prestress -
~ Select Tendon for Loading
Tendon Selected

- Stress Yalue
* Stress © Force

15t Jacking : [Begin -
Begin ¢ |1330000 ey /me
End : |1330000 Kh/ms

Grouting : after [ = Stage

Tendon | Type | Load.. ||
TOPD3-04 tress  Prestr,,, —
TOPD2-04  Stress  Prestr,,
TOPD1-04 tress  Prestr,,,
TOPD4-03  Stress Prestr..

TOP02-03  Stress  Prestr,, =
4] | »

Add Iviodify Deleta
Close

Figure 34 Jacking force input of the additional tendon at the end of a bridge
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DEFINITION OF ILM CONSTRUCTION STAGE

MIDAS/Civil has the 2 kinds of work mode(Base Stage Mode and Construction Stage Mode) if

Construction Stage is defined for the construction stage analysis.

Base Stage mode denotes the condition that all structural modeling, and the input of loading
condition and boundary condition are possible, and the analysis of this stage is not actually
performed. Construction Stage indicates the model condition that the structural analysis is
performed. In Construction Stage mode, the structural model can not be revised, and any data

information can not be revised and deleted except the boundary condition and the loads.

Construction Stage consists of the ‘Activation and Deactivation’ commands of Structure Group,
Boundary Group, Load Group. In Construction Stage Mode, the boundary condition and the
load condition can be revised and deleted, which are included in the activated Boundary Group

and Load Group.

The girder self-weight and prestress load of construction stage in the ILM bridge are
automatically input by ILM Bridge Model Wizard. The additional load and boundary condition
can be revised or be input in ‘Base Stage’ after activation or deactivation of the concerned

Construction Stage.
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ILM Bridge Stage Wizard

In the construction stage analysis, the boundary conditions are changed at every construction
stage because the segments are cured at the manufacturing plant and are launched in order.
MIDAS/Civil provides ‘ILM Bridge Stage Wizard’ function which can define the construction
stage easily because it is complicated to define the construction stages considering all the
boundary condition and the change of element. If the Boundary Group of the manufacturing
plant, the Boundary Group of the final system, and the launching distance of each construction
stage are input, the ILM Bridge Stage Wizard function automatically define the construction

stages considering the change of the boundary condition.

The content of the input in ‘ILM Bridge Stage Wizard’ is as follows.

1. Select the ‘Boundary Group’, the boundary condition of a pier and an
abutment which will be applied in the bridge model of final
system.(Boundary Group called ‘Final’ is automatically generated in ILM
Bridge Wizard function)
2. Input the total launching distance and direction in ‘Launching Direction’.
> Set the ‘Reference Node’ as the end of the nose.
» Input as Start Node where the nose is resting at the initial
construction stage.
> If End Node is set at an arbitrary node in the left side of the Start
Node, the segments are launched to the end node direction based on
the start node.
3. If the launched location at the time of modeling and the location of piers
and abutments after completion are not coincided, input General
Tolerance which will consider the two locations as equivalent.
4. Input of launching information per each segment
»  activate/deactivate all boundary conditions automatically at every
construction stage including the boundary condition of the starting
and ending construction stage using the final boundary condition of
the completed bridge and the previously entered field boundary
condition called ‘Field’.

» The boundary conditions are automatically input at every

construction stage if the boundary conditions of the field and the
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temporary piers at the initial construction stage are activated.

As the boundary conditions of the field and the temporary piers are
not needed at the final construction stage, which the jacking of the
second tendon is completed, deactivate the Field boundary condition

at the final construction stage.
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Input allowable
tolerance to account
for the difference
between location of
pier and segment
boundary due to
modeling error.
Detailed explanation
can be found ILM
Bridge Stage Wizard
in on-line manual.

Input radius in the
case of curved bridge
to be launched as
curved bridge.

Select the boundary condition of the final bridge, and input the reference launching node and
the launching direction. Input the reference node at the end of nose, Start Node at the start point
of launching which is the right end of the bridge, and End Node which is an arbitrary node at
the left side of Start Node.

ﬂ Element Number (off), E Active All, ﬂ Hidden (on)
g Display
Misc>Tendon Profile (off)

Model / Structure Wizard / ILM Bridge Stage
Piers of Final Structure System>Boundary Group>Final
Launching Direction>Reference Node (1)
Start Node (75) " ; End Node (73) "
Generation Tolerance>T (0.01)

[Bafile Edit Miew Model Lowd fnalysis Resubs Design Mude Query Tools Window Help BIETES

D@ E | |2t | &0 |86 o[> 3 |6 R kb & ufie ||x [l
L e | A il J& LEE «A060 By 2% a0 (D ura ® s
e f“‘“""’“’""‘ﬁ E—I Model View |

Configuestion

Geometry

b Static Loads

b Ftsponss Spactum Analysis

o Time History Analysis

& Moving Load fAnalysis

IV Setlement Analysis Data

¢ Composite Secon Anabysis Data

[ Hest of Hydration Analysls Data
Monlingas Analysls Data

& Construction Stage Analycls Data

MR TR eSS PRER SRS RS

15w B @AAPE A -=t t DOHS

Figure 35 Definition of construction stage using 1LM Bridge Stage Wizard
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@ Analysis results for
each construction
stage can be saved if
Save Stage Result is
selected

Input information about launching that will be used in construction stage definition. Input the
launching length as 5m because the length for beginning/ending parts and inner parts are not
identical. For the 1* segment, construction stages can be defined automatically as 2.5m lengths
by input 2 for step because the total length is 12.5m. If the Field boundary conditions are
activated for the 1% segment during the incremental launching information is defined, the

defined boundary conditions are maintained until they are deactivated.

Launching Information>Stage >CS1 __ Define |

Launching Information>Distance (10) ; Step (2)
Save Stage Result (on) ; Save Step Result (on)
Boundary Group for Temporary Support>Boundary Group>Temporary

Active Group il pl

35,000 23,600

15,000 5,’300 ‘
15.000

Boundaries of Final System Launching Direction GIRDER
’VEnundary Graup : |Final - Reference Node : |1 H " H FAERIE:A;IICIN
—Generation Tolerance———— | Start Made 75 ABUTHENT —2TPZ TP1 PLANT

: 00 —
T m EndNode  : [©3 PiER- ¥
[~ Radius : m
@ CCH I C
Launching Indormation

Distance : [T0 m v Save Stage Aesult

Swp N | [¢ Save Step Fasultl
Boundary Group for Temporary Support
Doundary Group | [ Active Group | [hactive Group |

Temporary

_>l_I
( Define \l Delete | Add | Delete | Add | Delete |

ThS———

Open.. | Baweds. | OK. | Close | _ Ok | Chee |

Figure 36 Input Launching information for the 1* segment
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Construction stages between CS2 to CS6 are defined at the same time because segment lengths
are identical as 25m. Segment 7 is last segment and so the end of segment should be launched
to the location of abutment. And so the segment should be launched 50m that are summation of
segment length 12.5m and the distance between manufacturing yard and
abutment(2@15m+5m). CS8 is the construction stage to jack 2™ tendon. Boundary conditions
in CS8 are the same as those of the construction stages in which segment 7 is totally launched
and only 2™ tendon is activated in this stage. And so the launching information is not given and
only the results are saved. And deactivate the Field Boundary Group that represents temporary
piers used during construction and manufacturing yard. CS9 represents the construction stage

in which web tendons are grouted.

Launching Information>Stage >CS2~CS6 &I

Launching Information>Distance (25) ; Step (5)

Save Stage Result (on) ; Save Step Result (on)
Launching Information>Stage>CS7 DEnE
Launching Information>Distance (50) ; Step (10)

Save Stage Result (on) ; Save Step Result (on) J
Launching Information>Stage >CS8 Define
Save Stage Result (on) ; Save Step Result (on)
Boundary Group for Temporary Support>Boundary Group>Temporary

Deactive Group fdd A

Launching Information>Stage >CS9 &I

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

Piers of Final S¥ucture Systam Launching Direction

Boundary Group : m Hishirizncir Mislie n_
Generation Tolerance Start Node 1)1
T [0 m Er Mo CE
—d ™ Radius | m
PR | & )
eiT T —l

Launching Information

A Stagn_ Gtop
S W0 Saaegp
5 [ Stage Step
E: ! Fage.gep ]
| v
L i Dielete |
QK Chose

Figure 37 Input Launching Information for each Segment
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&l Modified results
can be reviewed using
Zoom Window.

After completion of construction stage definition by ILM Bridge Stage Wizard function, select
construction stages that are to be modified and modify them. The hinge condition (Field Group)
defined for the end of bridge is effective for all construction stages.

After launching is completed, 2™ tendon is jacked and superimposed dead loads are applied in
the construction stage CS8. In this construction stage the boundary conditions should be
modified to simulate construction completed stage. It is convenient to modify boundary

condition and load condition at each construction stage.

# Hidden (off)
Stage>CS8 (Fig38 @ )
Model>Boundary > Supports

Boundary Group Name>CS8-Org0

Select Window (Node : 35)

Options>Add ; Support Type>Dx (on)

faa fin Edr Yiow Model Load Anabysis fesdts Qesign Mpde Query Tools Mndow Heo =18 =
(22 80 |[nE e B AR S g ufE j_:@anw aa,
@ (B=_ )20 A2l ;!ﬁ.\mﬁlﬂ@ﬁg"n%&@_yﬁ-azra‘?”}_‘::E.a
- el T M kT2 Model View |
Supperts =] a o
Baundary Group Name & #
C5a-0rg0 = | G|
Optons a ;
& Add  Foplace © Ovktn = ”
Suppan Typs (Local Dirscton) ';' 1:
z . izl
kg Dy +
P! — =
iz -
Racfh " M =
B2 % 5 ,':
I beALL =1
b F Dy [ D2l g an
AL &<
Re T R C Rz P l
oo |
ar
B
s
34 ¢ a1
33— "7
16
s
114
I r L |
e [EEETED, A 7 ETS] &
er il press FI Hons! U: 15, 2 0 CHENN) [ =1lm =1 o) lon =1 [ =4 7 =3

In CS9, input boundary condition at joint 35 as the same procedures as in CS8.

Figure 38 Modification of Boundary Conditions at CS8
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After completion of analysis model input (element, boundary condition and load) and definition
of construction stage, the tendon arrangement and boundary conditions can be easily reviewed
using Stage Toolbar.

ﬂ Hidden (on)
g Display

Misc>Tendon Profile (on)
Stage>CS1 (Fig39 D)

Edit uw Model Bnalysis ﬁam Design Mgde Ouery Tools Window Help LIRS |
Dec @R |[EE w3 |8 S @ Le |.x® oo |
(B 2)er L] 35 LEE A0 0| BY %% 46 |[F e rE B [2E8 |
) - Bowonry s 1008 | |7 7] Mol Ve |
@ The construction m— =
stages can be easily e
changed using arrow CS1-0ima =

: Ot
key in keyboard. b :::  Ppacn O |

~Suppoet Type (Local Direction) —

[

fole]

[pnmassneaes] prmnanusar

$4 2| ﬁ‘l’d*%ﬂébi‘@@llﬁﬂ_ =}t Oos

=

a

m =

@

T

i = |

o [T o, ot Meeagn (" Sty wmssge | el | O
[For Helo, press FI [Womel  E@ALO  @@HdLD [ =llm =] ] lfrons] [T W= T =

Figure 39 Element and Boundary Condition Review at Construction Stage CS1
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Input Diaphragm and Superimposed Dead Load

After completion of construction stage definition, input the self-weight of diaphragm as beam
load at the construction stage at which the segment that contains support diaphragm is activated.
And, at stage CS8, input 2™ dead load as beam load.

Superimposed dead load (2" dead load)
Input beam loads 31.5 kN/m for all bridge length at CS8.

Self-weight of diaphragm
Assume diaphragm makes little contribution to the stiffness of girder but only acts as load. And
so diaphragm is defined as the same section as other general sections and additional load is
applied.
In this tutorial, apply beam load at the construction stage at which support segment is activated.
»  Nose connection part: 763.0 kN
> Pier parts & Abut part at bridge end: 516.1 kN

The self-weight of diaphragm is assigned as a uniform load along the thickness of diaphragm

which is 2m long.

Diaphragm2
Diaphragm1 (activated at CS8) Diaphragm3
(activated at CS7) Ve - ~ (activated at CS7)
’ﬂ SEG1| SEG2 | SEG3 | SEG4 | SEG5 | SEG6 |SEG7|
ABUT-2
ABUT-1
PIER-1 PIER-2

Figure 40 Input Diagram for Diaphragm Load
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Table 3 Input Location for Diaphragm self-weight

Construction Load Location(m) Remark Load Group
stage (from Beginning point of
Bridge)
CS1 0~2 Nose connection part Diaphragm1
CS8 49 ~ 51 Pier part Diaphragm?2
CS8 99 ~ 101 Pier part Diaphragm?2
CS7 148 ~ 150 Abut part at bridge end Diaphragm3
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Define Load Group (2nd Dead) and Load Group (Diaphragml, 2, 3) to input superimposed

dead load and diaphragm load, respectively. Change the stage to Base Stage by Stage toolbar

because addition of Groups is possible only at Base Stage. At Base Stage, analysis is never

performed but boundary conditions, load conditions and elements for all construction stages are

displayed. And so it is possible to modify, add and delete for these properties for all

construction stages.

g Display

Misc>Tendon Profile (off)

Stage>Base

Group>Load Group
Name (Diaphragm) ; Suffix (1to3) __A93 |

Name (2nd Dead)

New...

Add

ﬁf,lls Edit View Model Losd Analysis

ity [esign Mode Query Tools Window Help

(-} R Struchare Sowp © 9
§ Masa [ Nodes : Elements1d |

Segmonts [ Nade=22 :
Segments [ Node=22 ;

Ele

R Segment? [ Node=12 :

R Bridgetindsr [ Nodas=
+I phe Boundany Group : 6
(™
b SallWeig g
L TB-Pre
b TB-Prestrossd
& TB-Prestessd
4. TB-Prestessd
L. TB-Prestasst
4 TB-Presirassh
& TB-Prestess?
L. Web-Presress
& Diaphragm1
4 Diapheagm?
4 Diaphragm3
4 2nd Dead

« 1
|For Help. prass FI

$4+R(|F PLrSsr@ITII RN ==t

AHESEEE B3R %L e s RS

&
Sagmont] [ Nodes12 : Eleman | [ G}
Segment? [ Nede=22 ; Elemen &,
9 Segment3 [ Node=Z2 : Ebemer
§ Sagmentd [ Nodes22 : Eleman '

"DWE EAE-T A 1eY CE Pt L L T A |xz|;.® | B
[ =] [ 4T =& J8 2K ARD e BY & ao [Frar B ||sEa
Worws | Tbis G ks | | Ml View |
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;l

Figure 41 Generate Load Group
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If the time step for
activation is defined
at First, load is
applied from the 1
date during the
duration of specific
construction stage.

¢  Among
automatically
generated
construction stages,
some construction
stages end with “p”.
At these construction
stages, the end of
nose is located at
piers. But it is
considered as
cantilever beam
because these are
the construction
stages to confirm the
maximum negative
reactions.

The names for
element group,
boundary group and
load group that are
generated by Bridge
Wizard can be
referred “Define
Structure(Boundary,
Load) Group at on-
line manual.

Activate load group Diaphragm1 and Diaphragm3 to CS1 and CS7, respectively.

Load>Construction Stage Analysis Data> E Define Construction Stage
Name>CS1  _Modifu/Show |
Load tab
Group List>Diaphragm1
Activation>Active Day>First ; Group List il | @

Name>CS7  _Modifu/Show |
Load tab
Group List>Diaphragm3
Activation>Active Day>First ; Group List il |

Construc
2l 8 X Insert Prev
C31-2 12 12 Stage,
cs2 1} 12 1} Stage Insert Mext
C52-1 1} 12 1} Stage,
C52-2 1} 12 o Stage,
C32-3 1} 12 o Stage,
C52-4 1] 12 0 Stage.
C52-5 12 24 o Stage,
C33 1} 24 1} Stage
R T B B -
g tage,
£33 0 54 i Bager s St Addilonal Seps
i 50 | . p—— g [r———— | Dot |
Duration  : = daptsy || ¢ Eamalei L3210 ) Modity | _Cluar |
BT
Save Aesult Aot Genoraon
W Stage ™ Addtionsl Steps Stap Number [T =
__Ganerata Steps |
Curent Stags Informadon. . | Suneeny Spy
Elament | Boundary Load |
Group List .. | - Activation Deactivation
Active Day < [Fist =] dals) | | nsctive Day 1 [First =] dapls)
Group List Giroup List
Name [ Day |

Diaphrag
Giaphragm

‘ 2
Add Mnml Delate Add | Modily | Delete

oK | an;a|| Appo,-|

Figure 42 Addition of Diaphragm Self-weight
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At CS8, deactivate nose because in this stage diaphragm self-weights and super-imposed dead

loads are applied and launching is finished. At CS9, grouting for web tendon is performed and

creep, shrinkage and long-term loss for jacking forces are considered until 10,000 days.

Load>Construction Stage Analysis Data> E Define Construction Stage

Name>CS8 —IMDdifWShDW

Element tab
Group List>Nose

Deactivation>Element Force Redistribution (100) ; il o

Load tab
Group List>Diaphragm2, 2nd Dead

Activation>Active Day>First ; Group List 39 | |

Name>CS9 —IMDdifWShDW

Stage>Duration (10000),

Save Result>Additional Step

c§7 F 3 ;S 8 gtage'
- tage, Additional Steps
€573 0 W 0 Stage, -
choloB o e i o] o
-! tage. - a L]
815 0 z g Sege. = . ( Examglo: 1,37, 18 ) %Dﬂﬂ
57 0 2 i Stage.
814 0 i 0 Srage. ( Modity/Show ) AR Saren
Cs73 0 72 0 Stage, — .
Csrin 12 a 0 Stage. | __ Delete Sep Nt <[
Gonorate Slops I
Cs3 10000 100e4 SEESS s
4 Mame 1 [ Dy ¢ T =
Doson ] deyt| | | EooliiaT) B
T 3 Deactivation
S A Sem— -
ST e e 5"“:'::“ E'J resttessl | ctive Duy ¢ [First =] dav(s) | | inactve Dy ¢ [First =] dayis)
s resiressd | Growp List Group List
@ Lasd | estesss | [Name [ Day ] Name [ Day |
- Actvaton Denctason Disghragm | E:Erf;;?y'\lz F:::
r—"“J [T Diaphragm3 ndDead  First
1 on ¢ [T =] duptn) | | ecioniusion : [0
Growp List Gy Lint.
b0 | Moaty | Duwn | || [CEEC] Mo - |
o Concel Hoply

Figure 43 Activation of Load Group and Deactivation of Element Group for CS8
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@  Because the
beam element is
modeled as 2.5m
spacing, select
Absolute at Value,
and assign 2m for
real load input
distance.

Input load at each construction stages because load group is activated for each construction

stages.

First, input self-weight of nose connection part diaphragm at CS1.

Stage>C$S1
g Front View

Load>Line Beam Loads

Load Case Name>SelfWeight ; Load Group Name>Diaphragm1

Options>Add ; Load Type>Uniform Loads
Direction>Global Z ; Projection>No
Value>Absolute ; x1(0), x2(2), w(-763/2)
Nodes for Loading Line (15, 16)

@

Figure 44 Input Diaphragm weight at Nose Connection Part
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e ETE SR E N F L T O A W -1 -Ji R
¢ o || Haf HBtEEAROC BY 2% ae||rrarup|[saa
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Input bridge end part diaphragm load at CS7.

Stage>CS7

g Display
Load>All ; Beam Load (on)

Load>Line Beam Loads

Load Case Name>SelfWeight ; Load Group Name>Diaphragm3

Options>Add ; Load Type>Uniform Loads
Direction>Global Z ; Projection>No
Value>Absolute ; x1(0), x2(2), w(-516.1/2)
Nodes for Loading Line (75, 74)JEj

Figure 45 Input Self-weight of Diaphragm at bridge end
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Copy load and
input because the
pier spacing is
identical as 50m.

Input diaphragm self-weight at CS8 as follows. Pier diaphragm is manufactured as 1m length to
both bridge longitudinal directions from the center of pier and defined as 2 elements including
boundary conditions. Because same loads are applied to all piers, loads can be copied and then

applied.

Stage>CS8

Load>Line Beam Loads
Load Case Name>SelfWeight ; Load Group Name>Diaphragm2
Options>Add ; Load Type>Uniform Loads
Direction>Global Z ; Projection>No
Value>Absolute ; x1(1.5), x2(3.5), w(-516.1/2)
Copy Load (on)
Axis>x ; Distance (50)9
Nodes for Loading Line (34, 36)JEj

= [D:FILM
J{iﬂ\g Edit Wiew Model Load Analysis Results Design Made Query Tools Window Help ;Iilﬁ(
EECE e s w8k Ao L KB sssER |2
e =gl =2 H&LtEEaRO0 BY BRae|[rrarae|r [2aae
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’—r-‘ 4dd ¢ Replace © Delete

|| B

i
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o
Md———— &Nz
o

e

~Element Selection
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Figure 46 Input Diaphragm self-weight at CS8
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Input superimposed dead load at CSS.

% Hidden (off)

Load>Element Beam Loads
B Select A
Load Case Name>SelfWeight ;
Options>Add ; Load Type>Uniform Loads
Direction>Global Z
Value>Relative ;

;  Projection>No
x1(0), x2(1),

Load Group Name>2nd Dead

w(-31.5) o

|6 file Edit Miew Model Load gnslysis Results Design Mede Query Tools Mindow Help =18l 5(
[o@w|x |22 |8 i Ew B (LB Al @ LS || W &g |z
ref =1 [ 91 H2] J&2BE @By 26 ae|-raree |sEa
tiode | Element | Boerdary | wass Loss } —” Madel View |
Element Beam Loads g2 [ | WA
@ |4 |
Load Case Name
e — e | =Y
e ey E ) =i
[ondDead =] .| -2
Option= E - |
@ Add  Feplace ¢ Delete ¥
Load Type———————— 32
Uniform Loads = — X
a - 8
111 = ‘i
LT RARAARS] w2 & Q
— £ ® f i R Rl s E e o e o o AR AE S R EEE
B |
=
Direclon ¢ [Govez = ' 2
Projaction: Yes @ No & 3
Value | |
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Wl wlais i
e— [ A
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£ o B o
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Figure 47 Input Superimposed Dead Load at CS8
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&  Define
convergence
condition for the
creep and shrinkage
analysis.

&  Thelong term load
effect can be
considered by
generating time steps
internally for
construction stages
that have adequate
duration by checking
on “Auto Time Step
for Generation for
Large Time Gap”.

@  Thisis the item to
consider tendon
prestress losses by
elastic shortening,
creep and shrinkage.

Stage>Base

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
Convergence for Creep Iteration
Number of Iteration (5) ; Tolerance (0.01) @
Internal Time Step for Creep (1)
Auto Time Step Generation for Large Time Gap (on) @
Tendon Tension Loss Effect (Creep & Shrinkage) (on)
Variation of Comp. Strength (on)
Tendon Tension Loss Effect (Elastic Shortening) (on)9 d
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Final Stage ~Monlinear Analysis
’V (« Last Stage ¢ Other Stage [5:)] - Mumber of Load Steps ¢ 1
Maxirmum Murmber of lterations/ Load Step

’—Analysis Option Convergence Criteria I~ Energy [Harm 0,01

[ Include Time Dependent Effect I” Include Monlinear Analysis ‘ ¥ Displacement Homn @ 001
I~ | Force Morm 0,01

~ Time Dependent Effect
[v Creep & Shrinkage

i+ Internal Force " Ewternal Force = Add ¢ Feplace

’—Cab\e—Pretensiun Forze Contral ‘

Type
¢ Creep " Shrinkage ¢« Creep & Shrinkage | I ——
~Creep [~ Calculate Concurrent Forces of Frame
Convergence for Creep lteration [¥ Calculate Output of Each Part of Composite Section
’VNumber i zveliare | = Tolerance : |D,Dl ~Load Cases to be Distinguished from Dead Load for C,5, Qutput————
I™ Only User's Creep Coeflicient Load Case : [Seffeight =] .. | [Load Case Add

v Internal Time Step for Creep @ m
I Auto Time Step Generation for Large Time Gap Delete I
TiTimeGap  T> 10 @ = Trm 53
T l000 [V = T»>6&000 |10 =

= (Cl 1t Final Stage Member F to Initial F for PostCs
T> 10000 20 = onvert Final Stage Member Forces fo Initial Forces for Pos
¥ Truss ¥ Beam

I Vel ettt (Lo St € Clizep & Siihiege ) [~ Initial Tangent Displacement for Erected Structures

[+ Variation of Comp, Strength = Al ) Group Mose -I

¥ Tendon Tension Loss Effect ( Elastic Shortening ) Remove Construction Stage fnalysis Contral Data I OK I Cancel |

Figure 48 Dialog Box for Construction Stage Analysis Control Data

Perform Structural Analysis

All input for construction stage analysis of ILM bridge is finished, perform structural analysis.

Analysis> g Perform Analysis
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Review Analysis Result

(] If Axial, Bending
My and Bending Mz
are all selected,
stresses at each
extreme outer fiber
location can be
reviewed.

(4] In ILM wizard,
Structure Group, that
is required to review
section stresses, are
automatically
generated.

@ If “Draw
Allowance Stress
Line” is checked on,
the allowable
stressed for
compression and
tension are plotted by
dashed lines on
stress graph.

There are two methods for reviewing analysis results for construction stage analysis results.
The one is to review accumulated stresses and displacements until specified construction stage
and the other is to review for a specified construction stage. In MIDAS/Civil the construction

stage analysis results can be reviewed using graph and table by either of above method.

Stress review by graph

Stress graph at CS9 is reviewed.
Stage>CS9
Results / Bridge Girder Stress Diagram

Load Cases/Combinations>CS:Summation ; Step>Last Step
Components>Combined (on) ; 2(+y, +z), 3(+y, -2) @

Bridge Girder Elem. Group>Bridge Girder *

Draw Allowable Stress Line (on)>Comp. (16000) ; Tens. (3200 )“
Current Stage (on)

ign Mgde Owery Tooh Hindow Help
FlEE RN (LR o (arsacEy | n
=) =B HEsEEIE 268

Madsl View Sewee Disgeam | | Enaan Disgram2|

LY, UN: SEREATIOn ¢ COMBADGALsY, 3}

=it ARSs N

- LY, UN: Nummation / Combinaesiiey,-2)

Comeonents -
I Sax by Sy 7 el

Charge Tile & Lavel

- — - « |+ Draw Color Graph
1 LI L L L - Draw Gray Gragh

Hhawetle Swta g w1 T T . . : . om e
5 Driw Mlowabla Srwss Line e
L e mmmssm ZogmOw J
Corra £ [T U |
r Al =
I pnw Toorm O T
Optian Save Graph As Image
& Cumet Saae-Sun = -
£ iefbiies o] SRR ¥ 7 ] e —
or el prea P Wil EIREEE WY [ =1lm =1 & Gl =] [T =

Figure 49 Stress Graph at Top/Bottom fiber at CS9
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For detailed review for specific range of graph, the graph can be magnified by locating mouse
on the graph and dragging. After reviewing, it can be returned to its original status by selecting

“Zoom Out All”, clicking mouse right button.

|| Bte Edit View Model Losd Snalysis Besults Design Mode Ouery Tools Windew Help
[D@E|x|ore (@R | |#REE =83
L e | 4 T o|& L EE &

friige Gacer Diagrams | — Modal View Stess Disgraentl | Strass Disgram:2|

“FzALm@||.n|
s = = &le

Bridge Girder Diagrams "I =1

| Load Cases/Combinations
Stop List

UHY, UH! HumBation / LOmBInedisy,+2)

W coovians

Load Carse,/Combingtion

C5: Summation -
 Disgraen Type

 Swrags 1 Forca

Swmary

StressikE/a’]

a4 0008
o000

[ _\|[ =it BOSSS

LU Tt

KetudaType
& Distoce 1 Nede

Bridgn Girdér Elom. Group :

IHIIdﬁ’dllder -

[

Sewmary

Cdlypez) (4 E)

e et

S |

Y

D;. &
IR

Srcess(kl/m")

in: 11170004
13000

o)

- Alawsble Stress Line =
F Doaw Allowable Stress Line

Comp, : ? e
Khfme

Tens. :
~ Generation Optian
& Cuerent Staoe-Stn | Llil

5ok X

4]

For Help, press FI

CSY, US: Summation / Combined(+Yy,

[ R

Save Graph As Image
| T | Save Graph As Texd

|

|
) | LH L] ——
-~ ( - Summary -

=

Stress (ki/uf)

“Maz:0.0008+000
at 0.000

17500 ini-1. 11744008
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Dist. From Nade 15 (m)

Figure 50 Stress Graph Magnification
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The “Min/Max” stage produces the maximum and minimum values out of the analysis results
of all the construction stages.
Min/Max Stage is used to review maximum and minimum stresses during construction along

the girder.

Stage >Min/Max
Results / Bridge Girder Stress Diagram
Load Cases/Combinations>CSmax:Summation, CSmin:Summation
Diagram Type>Stress ; X-Axis Type>Distance
Components> Combined (on) ; 2(+y, +z), 3(+y, -2)
Bridge Girder Elem. Group>Bridge Girder
Draw Allowable Stress Line (on)>Comp. (16000) ; Tens. (3200 ) J

_IEH& Edit Mew Model Load Ansbesis Hesuls Design Mode Ouery Tooks Windew Help

= Drcs |G ||[EMEE|FECF XA LRy S s o (LE|(Crs s sWE || o
() Ikl =k B[S SRR R MR
P l —4 Model View Stress Diagram:] | Strass Diagram:2 |

-
Eridge Girder Diagrams =]
At = e MinMax Stage, CSmax: Summation / Combined(ty,-z)
asen/Combinations I A b e e
si9p gt .o il [T ——
L as00
|
4 e —
- -
E B
Luad Carse,/Combinaion t b | Swmary
[C5min: Summation O LY | I D] PR,
T — paeea 15000
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TR R R A R R R
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Figure 51 Maximum / Minimum Stress Graph
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Min/Max Stage is used to review maximum and minimum moments during construction along

the girder.

Stage >Min/Max

Results / Bridge Girder Stress Diagram

Load Cases/Combinations>CSmax:Summation, CSmin:Summation

Diagram Type>Moment ;

X-Axis Type>Node

Bridge Girder Elem. Group>Bridge Girder

Components>My

|| B Edit View Model Losd fnalysis Besuls Design Mode Ouery Tools Window Help
@ > oy @ || E |

|[F P || 2 T
Beidge Gader Cisgrans |

Biidge Girder Diagrams =] |

1 Load Cases/Combinations
Step List

Load Case,/Combingtion
[CSmin: Summaton -]
- Diagram Type

 Swrass = Forca
- H-AuisType.

 Distinde ™ Nede
Bridge Girder Elerm. Group &
iHIIdQE’d'IIder -
|- Campanent

Pk cFh F
SMe EMy Mz
- Gemeration Option

Close_ |

L REEENE
T2 B LEE

—— Modal View Ferce Diagram:] | Force Diagram2 |
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Oy, G,

' ufE| (v rsasmE |0

R EER
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Figure 52 Maximum / Minimum Moment Graph

60

ment



CONSTRUCTION STAGE ANALYSIS FOR ILM

The maximum and minimum moments diagram can be also displayed using “Beam

Diagrams”.

Stage >Min/Max
Click on Model View Tab (Figure 53 D)
Results / Forces / Beam Diagrams
Load Cases/Combination>CBmin:Summation, CBmax:Summation
Components>My
Output Options>5 Points ; Line Fill
Type of Display>Contour (on)

| File Edit }ghm M Load nlysls Besults Design Mode Duery Tools Windew Help

|os@ x|c: o @n|[nma s ®eir 33 | [dBE A @ LG (K38 40R -2

[IFspemme 1 ||| 1 - BLEE4AO0EY (2580 ||rrare|? |2 as
(| Model View

Reoctions.| Dnorm.._ Forcen [swmsses | | Maght w1

7

Beam Diagraens e |
~Load Cases/Combinations
[CEma: Summation =]
Step E
- Components
(ol -
rFf CFR CFfa
My CMz My
- Digplay Options —
(o |z " Na Fill
& EPoints | | Ling FIN
Scala: [T | Solid Fil
|~ Tyo of Disolay
 Contour .| T Detorm .|
I Valses | T Logend
I Animate ] ™ Undeformed

$4+2)|® tds2 2@TII A ==t t D2

| I Minarod
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P O 1 o
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Figure 53 Maximum / Minimum Moment Diagram
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Moment history graph by stages at a specific point, for example, I end, element 67 and I
end, element 25 at which maximum positive and negative moment occur, respectively, can

be displayed.

Stage>CS9

Results / Stage/Step History Graph

Define Function>Beam Force/Stress
Beam Force/Stress>Name (67-Moment) ; Element No. (67) ; Force
Point>I-Node ; Components>Moment-y .

&dd Mew Function |

Define Function>Beam Force/Stress e [z Fneilior |

Beam Force/Stress>Name (25-Moment) ; Element No. (25) ; Force
Point>I-Node ; Components>Moment-y .

Mode>Multi Func. ; Step Options>All Step

Check Functions To Plot>25-Moment, 67-Moment (on)

Load Cases/Combinations>Summation ; Graph Title (Moment) ﬂl

G File Edt Miew Model Load Analysis Aesults Design Mode Ouery Tools Window Help AT T |
|O W[ (22cx0 @Y || 0 R EE[C A R R et (] ':I:‘Dt‘.ﬂ-‘.!@_.'-'_'.
| I & = | 2 EE S |G a e | |[EEs s || sl

s oot | 1 Modal Viaw | Stage History Graph |
v Function Homant
Ty

Displacemer
5 Fo

™
Mode
= Mul Func, « Mul LCass

« MISmpE  © Last Swp

-ttt BBSSE

" Sage/Sep © Time(day)

Check Functions To Plot

wiS-Moment

> @M I8 ~ |
PFunctien Yala

Modi Dalata
st w12
Load Cases/Combinations +
Surmmation hd :‘_
Gragh Tree : [Fiomart i
“
=3

+ Srage/Step (Stage: Step)
%

DoDoy ¥ 7 el |
For Help, prass FI [Wode-ls  UEH 0.0 GEEED i =llm =] 4 e

Figure 54 Moment History Graph for elements 67 and 25
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To review
deflections at nose
end by graph, first
change construction
stage to the stage at
which the nose is
activated, and then
review the results.

After completion
of graph, the name of
graph or axis can be
changed by clicking
mouse right button
on graph.

Deflection Graph at Nose End

Deflections at nose end for each construction stage are reviewed.

Displacements, section forces and stresses can be traced by construction stages and they can be

reviewed by graph using Stage/Step History Graph function.

Stage>CS7-10 @
Model View (Fig 55 @)
Results / Stage/Step History Graph

Define Function>Displacement St bzey Funedan |

Displacement>Name (Nose) ;
Components>DZ
Mode>Multi Func.; Step Options>All Steps
X-Axis >Stage/Step
Check Functions To Plot>Nose (on)
Load Cases/Combinations>Summation
Graph Title (Displacement) _ Graph_|

Node Number (1)

- [H 1
[GaEile Edi Miew Model Lead fnabesis Besdlls Design Mapde Query Tools MWindow Help
|D&F@E ¥ otz B HEHE mE N |E e

|38 s i

SEEMCACIN R & 3 Wl L 3 B
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=l =)

Fafcsrao =] || 2 & || L EE &S 6 |E
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— O
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Figure 55 Node End Deflection at Each Construction Stage
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Reviewing Results by Table

The construction stage analysis results can be reviewed by table using Records Activation
Dialog function. In this function, various filtering options like element, load, construction stage
and stress output location could be applied. Stress changes at I end, element 25 at which

maximum stresses occur can be reviewed by table.

Results / Results Table / Beam / Stress
Node or Element (25)
Loadcase/Combination>Summation(CS) (on)
Stage/Step>CS1:001(last) ~ Min/Max:min (on)
Part Number>Part i (on) J

Axial Shear-y Shear-z Bend(+y) Bend{-y) Bend{+z) Bend(-z) [=*)
Flem | Load | Stage | Step | Parl | gimey | (kW/ms) | GeW/mo) [ GW/md | GN/mD | GN/me [ Gensms

» 25 Summati CS1 001|851,
25/Summati cS1-1  |001(last,
25| Summati C51-2  |001(first
25| Summati c51-2 |002(last
25| Summati C52 001(last
25| Summati ©52-1  |001(last

0,00e+000 0,00e+000 0,00e+000 0,00e+000 0,00e+000 0,00e+000 0,00e+000
0,00e+000 0,00&+000 0,00=+000 0,00e+000 0,00s+000 0,00&+000 0,00&+000
0,00e+000 0,00&+000 0,00=+000 0,00e+000 0,008+000 0,00e+000 0,00&+000
0.00e+000 0,00e+000 0,00e+000 0.00e+000 0,00&+000 0.00e+000 0,00e+000
—2,71e+003 0,00e+000 0,00e+000 ~4.04=-001 4.04&-001 —1.64e+002 2,32e+002
—2,B7e+003 0,00e+000 0,00e+000 -3.02e-001 5.02e-001 1.83e+002 -2.61e+002

25|Summati C52-2 001{last, —267e+003 0,00e+000 0,00e+000 -6.00e-001 £,00e-001 7.91e+000 =1.19e+001
25 Summati C52-5 001{last; —2,B7e+003 0,00e+000 0,00e+000 -2,53e-001 2.53e-001 1, 75e+002 =2,50e+002
25 Summati C52-4 001{last; —Z2B7e+003 0,00e+000 0,00e+000 -5.58e-001 5.59e-001 3,25e+002 -4,6%e+002
25 Summati C52-5 001{first —2,67e+003 0,00e+000 0,00e+000 -2,18e-001 219e-001 S1e+002 4.138+002

S53e+002 3.598+002
£.40e+002 3.41e+002

25 Summati C52-5 002155t —2,62e+003 0,00e+000 0,00e+000 -B.74e-002 8.73e-002
25 Summat|C33 001(last, —4,98e+003 0,00e+000 0,00e+000 —2.75e-002 2,75e-002
25| Summati| CS3-1 001{last —4,92e+003 0,00e+000 0,00e+000 -3.64e-001 5.64=-001 —2,4Be+002 5.49e+002

i
i
i
i
i
i
i
i
i
i
i
i
i

25|Summati €532 001{last, i -492e+003 0,00e+000 0,00e+000 -3.37e-00 3.37e-001 2,83e+002 —4,04e+002
i
i
i
i
i
i
i
i
i
i
i
i
i
i

25 Summati| CS3-3P  |001{last -4,92e+003 0,00e+000 0,00e+000 -5,9%e-00 5,99e-001 6,59e+002 -9,38e+002
25 Summati 5535 001{last; -4,82e+003 0,00e+000 0,00e+000 -5,80e-001 5,90e-001 4,23e+002 -B,0%e+002

—4,92e+003 0,00&+000 0,00=+000 —1,06e+000 1.06e+000 2,03e+003 —2,69e+003
-4,82e+003 0,00e+000 0,00=+000 —1,58e+000 1.59e+000 4,78e+003 -6,61e+003
—4.87e+003 0,00e+000 0,00e+000 ~1.53&+000 1.53e+000 4,26e+003 ~6,06e+003
-4,87e+003 0,00e+000 0,00e+000 -1.55e+000 1.53e+000 4,26e+003 -6,06e+003
—-4,87e+003 0,00e+000 0,00e+000 =1,48e+000 1,48e+000 1.89e+003 -Z,59e+003
13e+002 T.28e+002

25 Summati C53-4 001{last;
25 Summati C53-5 001 first
25 SummaticS35 002(1a5t,
25 Summati|CS4 001(last
25| Summati 541 001{last,
25 Summati CS4-2 001{last;

—4,87e+003 0,00e+000 0,00e+000 -1,33e+000 1,33e+000

25 Summati C54-5 001{last; —4,87e+003 0,00e+000 0,00e+000 -8.08e-001 &.03e-001 2,50e+003 3.55e+003
25 Summati C54-4 001{last; —4,86e+003 0,00e+000 0,00e+000 6.10e-001 —6,10=-001 B2e+003 5.448+003
25 Summati C54-5 001 first -4,86e+003 0,00e+000 0,00e+000 8,54e-001 —8,54e-001 Ad4e+003 £,326+003

—4.84+003 0,00e+000 0,00e+000 T.52e-001 —7.51&-001 17e+003 5.83e+003
—4,84e+003 0,00e+000 0,00e+000 T.52e-001 —7.52e-001 17e+003 5.93e+003
—4 Ade+NA 11 ANe+nn N AME+ANN 147e=Nm | -1 47e-0M11 -4 15e+0N3 £ ANe+n3

25| Summati C54-5 002(1a5t;
25| Summati CS5 001(last
25| Summat| CE51__InMidlast
25|Summati CS5
25|Summati £S5
25| Summati| CS5 |Nnde or Element Stage/Step |Par\ MNumber
25|Summati 55
25 [Summat| oS5 Al | Mone | Inverse | Prev | | i}

\w [Element =1 [

Select Type

Element Type - Add
EE.QIQIAE STRESS Lo
PLATE

ANE STRAIN (e |
SEEEMMETH‘C x| Intersect

o]
=

Cancel L

Figure 56 Stress Table at I end, Element 25
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Reviewing Prestress Loss
Tensioning changes by construction stages due to prestress loss are reviewed. Change
construction stage to the stage that includes the tendons, which will be reviewed, for only the

tendons that are included at current construction stage can be reviewed. And then select Tendon

Time-dependent Loss Graph menu. By clicking button, the tensioning changes
according to the construction stages can be reviewed by animation.

Results / Tendon Time-Dependent Loss Graph
Tendon>BOT1-1 ; Stage>CS9 ; Step>Last Step

Tendon Time-dependent

Tendon ¢ [BOTI-1 - Stage : |[8E - Sten:|Las|S|ep | Animnate |

Tendon:BOT1-1 Stage:C59 Step:Last Step

1166.41
1116.41
1066.41
1016.41

966 412 7—\

916.417 —

Tendon Force(kl)

ag6.412 -

616.412 —

Distance )

Figure 57 Tendon Force Loss Graph
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Reviewing Tendon Coordinates

In MIDAS/Civil, tendon coordinates can be reviewed by table for every quarter points within
each element. And tendon profile can be verified by clicking mouse right button and selecting
Show Graph.

Results / Result Tables / Tendon / Tendon Coordinates

Tendon Name No x
{m)
WEEE a7 60,0000
WEET 75,0000
WEB7
WEET
WEET
WEET
WEBT
WEET
WEET
WEBT
WEBT
WEET
WEET
WEB7
WEBT
WEET
WEET
WEBT
WEET
WEET
WEBT 2
WEBT Y
2

Crl+C
Find,.. Cirl+F

Web Temden 7

[ et

WEE7
WEE7
WEE7 1
WEET L
WEET -
WEET *
WEE7
WEE7
WEE7
WEE7
WEET

«[*]\Tendon |

R T T I

18.7500—
218750
250000
28.1250—
212500
24,3750
27.5000—
406250
43.7500—
46.8750—
50.0000—
53,1250
$6.2500—
59.3750—
525000
B5.6250—
63.7500—
718750
750000
78.1250—
s1.2500—
54,3750
87.5000—
90.6250—
92,7500
96.8750—
1000000
1031250
1062500
1093750

x ()

Figure 58 Prestress Force Loss Table
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Reviewing Tendon Elongation

Tendon elongation and girder shortening are reviewed by table.

Results / Result Tables / Tendon / Tendon Elongation

Tendon Elongation|Element Elongation| Summation
Tendon Hame Stage Step
Begin End Begin End Begin End
(m) {m) {m) {m) (m) {m)

P [BoTi-1 cs1 o01{last 0,0000 0,07a2 0,0000 0,0001 0,0000 0,0783
BOTI-2 CS3 001{last; 10,0000 02777 0,0000 0,0002 0,0000 02773
BOT1-3 CS5 001{last; 0,0000 02777 0.0000 0,0002 0.0000 0,273
BOT1-4 cs7 001{last 0.0000 0.2166 0.0000 0.0001 0.0000 02165
BOT10H1 Ccs1 0oi{last; 0,0000 0,07a2 0,0000 0,0001 0,0000 0,0783
BOTI10-2 CS3 001{last; 0,0000 02777 0,0000 0,0002 0,0000 027713
BOT10-3 Cs5 001{last 0.0000 02777 0.0000 0,000z 0.0000 02773
BOTI10H4 C57 o01{last 0,0000 0,2166 0,0000 0,0001 0,0000 0.2168
BOT11-1 [of=:3 001{last; 10,0000 0,2166 0,0000 0,0002 0,0000 0,2168
BOT11-2 CS4 001{last; 0,0000 02777 0.0000 0,0002 0.0000 0.27713
BOT11-3 CE6 001{last 0.0000 02777 0.0000 0.0002 0.0000 02773
BOT11-4 C57 0oi{last; 0,0000 0,07a2 0,0000 0,0001 0,0000 0,0783
BOT12-1 Cs1 001{last; 0,0000 0,0782 0,0000 0,0001 0,0000 0,0783
BOT12-2 Cs3 001{last 0.0000 02777 0.0000 0,000z 0.0000 02773
BOT12-5 CS5 o01{last 0,0000 02777 0,0000 0,0002 0,0000 027718
BOT12-4 CsT 001{last; 10,0000 0,2166 0,0000 0,0001 0,0000 02168
BOT13-1 csz 001{last; 0,0000 0.2166 0.0000 0,0002 0.0000 0.2168
BOT132 Ccs4 001{last 0.0000 02777 0.0000 0.0002 0.0000 02773
BOT13-5 CSE 0oi{last; 0,0000 02777 0,0000 0,0002 0,0000 02778
BOT13-4 CST 001{last; 0,0000 0,0782 0,0000 0,0001 0,0000 0,0783
BOT14-1 CE1 o01{last; 0,0000 0,073z 0.0000 0,0001 0.0000 0.0783
BOT14-2 CS5 o01{last 0,0000 02777 0,0000 0,0002 0,0000 027718
EOT14-3 CSE 001{last; 10,0000 02777 0,0000 0,0002 0,0000 027719
BOT14-4 CS7 001{last; 0,0000 0.2166 0.0000 0,0001 0.0000 0.2168
BOT15-1 csz 001{last 0.0000 0.2166 0.0000 0.0002 0.0000 02165
BOTI15-2 C54 0oi{last; 0,0000 02777 0,0000 0,0002 0,0000 02778
BOT15-3 CSE 001{last; 0,0000 02777 0,0000 0,0002 0,0000 027713
BOT15-4 CE7 o01{last; 0,0000 0,073z 0.0000 0,0001 0.0000 0.0783
BOT1E-1 c31 o01{last 0,0000 0,07a2 0,0000 0,0001 0,0000 0,078
BOTI1E-Z2 CS3 001{last; 10,0000 02777 0,0000 0,0002 0,0000 027719
BOT16-3 S5 001{Iast; 0,0000 02777 0.0000 0.0002 0.0000 0,273

Tendon Elongation [« [ »

Figure 59 Tendon Elongation and Girder Shortening Table
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Reviewing reactions at each construction stage

If the ILM Wizard is used, the support points are auto-generated. Otherwise, the information on
the reaction points should be defined in Reaction by Position data in the results menu. In the
case of a bridge constructed by the ILM, the reactions in GCS are produced, according to the
change of construction stages at the piers and abutments, in the table in Spread Sheet format.

The reactions at each construction stage for the summation load case are reviewed are reviewed.

Results / ILM Reaction / Reaction by Position Table (Global)

Supporil | Suppori2| Support3 | Supportd | Supporis| Support6 | Support? | Supporld
Stage | Step Load FZ FZ FZ FZ FZ FZ FZ FZ FZ
{kN} {kN} {kN} {kN} {kN} {kN} {kN} {kN} {kN)
b |csas 0oifirst Summation 4699,970930 9939,073303 9939,073309  49,126474 0,000000 | 2928,516020 0,000000
C54-5 00| ast) Summation 4645,335969 | 101352,15633 | 10132,15683 0,000000 0,000000 | 2702, 251604 0,000000
£S5 001¢|azt) Summation 4645,585206 | 107116,67421 | 10116,67421 0,000000 0,000000 | 2588,117552 0,000000
CS51 001¢|azt) Summation S797,449039 | 9718,958500 | 9718,958600 | 324,956974 0,000000 | 2364,574438 0,000000
CS52 001 azt) Summation FO75, 203560 | 9087, 750457 | 9087, 750457 | 799625157 0,000000 | 201 4,637695 0,000000
CE53F  001{last)Summation G467.245242 | 5403,579003 | 5403,579008 | 1015,685258 0.000000| 2110546131 0.000000
CE853 001{last)Summation —5.544805 | 5475,736192 | 8570,364444 | 5370,364444 | 1054.676853 0.000000 | 2095,057784 0.000000
CE54 001{last]Summation 157024661 | 9663,072443 | 7574,805069 | 7574,895063 | 1044560803 0.000000 | 1545,410401 0000000
CS555 001 first| Summation 438,320377 | 10610,65260 | T426,943870 | T426,943870 | 1291,972853 0,000000 | 2558, 470925 0,000000
CS555 00| ast) Summation ST0,164167 | 10243,71903 | 8055,175211 | §055,175211 | 786,504515 0,000000 | 2T57,613256 0,000000
CSB 001¢|ast) Summation 570,134717 | 10250,84703 | T972,837996 | TAT2,837996| 795152350 0,000000 | 2761,933645 0,000000
CSE1 001¢|azt) Summation 1077,573328 | 10874,54651 | 7501,032255 | 7501,032255 | 1413,569530 0,000000 | 2206,054911 0,000000
CSE2 001¢|azt) Summation 1751,084447 | 11230,57307 | 7378,1568524 | 7378,158524 | 1575,970276 0,000000 | 2011,159847 0,000000
Copy CHl+C CSE3 001¢|azt) Summation 2550,372133 | 11414,33057 | 7475,694845 | 7475,894845 | 1390,486189 0,000000 | 2177,858805 0,000000
Find Ctl+F CSE-4  001{last) Summation 5444,192625 | 11507.05092 | 7571,948630 | 7571.848630 | 1180, 705080 0.000000 | 2035,007163 0.000000
CESE-5  001{first|Summation 4435,730072 | 11508.57410 | 7559,168624 | 7559,168624 | 1222,582839 0.000000 | 2766,577067 0.000000
Sorting Dialog... CESE-5  00X|ast)Summation 4443,960237 | 11465,19459 | 7755,319918 | 7755.519918 | 1010574870 0.000000 | 2845,557190 0000000
Style Dialog. .. C57 001¢|ast) Summation 4443918366 | 11465,38694 | T745,219752 | 7745219752 | 995089255 0,000000 | 2745,543924 0,000000
Show Graph,.. c5¥1 001¢|ast) Summation 5561,902749 | 11324, 74764 | TR03,234993 | TRO3,234993 | 1421,505900 0,000000 | 1957,933676 0,000000
C5¥2 001¢|ast) Summation 6801,842010| 11020,76121 | T705, 702271 | 7705, 702271 | 1369,436634 0,000000 | 2073,679399 0,000000
Activate Records, ., CS¥3F  001{last] Summation 8164,061602 | 10557,24459 | 7964,904544 | 7964,904544 | 1181,360900 0,000000 | 2455, 376675 0,000000
CS¥3 001¢|azt) Summation 34,291576 | B086,191680 | 10675,11669 | 7924, 790972 | 7924, 790972 | 1221,666889 0,000000 | 2424, 004920 0,000000
CS¥4 001¢|azt) Summation 193,635113 | 9213,039108 | 10245,64021 | §1351,543119 | 5131,543119 | 1202,863364 0,000000 | 1336,227420 0,000000
CE¥5  001{last)Summation | S16.639735 | 10090.60440| 10006,96214 | 7655,636396 | 7655.636396 | 2053.055774 0.000000
Nod CE¥6  001{last)Summation | 1035473941
ode Columns can €577 00i(last) Summation | 1752128007
be shown or hidden €578 o0i{last)Summation | 2601,873246
L N C57-8 | 001{last]Summation | 3536.212394
by clicking Show/Hide CST10_ | o0i{first|Summation | 4554,164459
Node Columns in the CS7-10 |00 |ast) Summation | 4559,389221
Cs8 001{la=t) Summation | 4043877368
text menu. css 001¢last} Summation | 4058142111
FY AFZ AN A MY A ML _IJ

Figure 60 Reaction Table at each construction stage
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Reviewing Section Forces by Factored Load

Ultimate Strength for post-construction stage should be checked. The factored load includes
live load, temperature load, support settlement and dead loads. The structural analysis results
for loads that are defined other than Construction Stage Load Type is performed at PostCS

Stage and it can be combined with the construction stage analysis results

Stage>PostCS

Results / Combinations

Active (on) ; Name (Dead) ; Type>Add

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

Load Case>Tendon Secondary (CS) ; Factor (1)
Load Case>Creep Secondary (CS) ; Factor (1.3)
Load Case>Shrinkage Secondary (CS) ; Factor (1.3)

Load Combinations ‘;l@@

General | Steel Design | Concrete Design | SR Design |
Load Combination List Load Cases and Factors
No | MName ‘ Active | Type | Description L. LoadCase | Factor *
F Dead ;Active |Add | Dead Load(C 1.3000
* Tendon Seco | 1.0000
Creep Second 1.3000
Shrinkage Se | 1.3000
*
- 2
< ¥ < ¥
Copy | Import Auto Generation Spread Sheet Fom Copy Inla | [steelDesian -
FieMame:  [C\Documents and Setings\DiectorMy DocumentsA T, Browss | Make Load Combination Sheet | Close |

Figure 61 Load Combination Dialog Box
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Moment diagram due to factored load combination is reviewed.

Results / Forces / Beam Diagrams
Load Cases/Combination>CB:Dead
Components>My
Output Options>5 Points ; Line Fill
Type of Display>Contour (on)
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Figure 62 Beam Moment Diagram
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