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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 strengt
(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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ADVANCED APPLICATIONS

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

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

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

Il. 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:

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

Perform structural analysis
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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)
Bridge Length: L =3@50.0 =150.0m

Bridge width: B =12.315m

Skew: 90°(Straightbridge)

Figure 2 Analysis model



ADVANCED APPLICATIONS

@ 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.
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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
mustbe determined on the basis ofthe span, stiffness and self-weightofthe bridge.
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ADVANCED APPLICATIONS

Materials and Allowable Stresses

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

e Prestressing strands: ®12.7 mm (0.57)

f,, =1600 N /mm?
f,, =1900 N/mm?

— 5 2
Modulus of elasticity: E, =2.0x10° N/mm

— — 2
Prestress transfer: fyy =07, =1330N/mm

Yield strength:
Ultimate strength:

Anchorage slip: As=6mm
Friction loss coefficients: n=0.30/rad
k =0.0066 /m

Loads

e Dead load (self-weight applied during erection)
The program automaticallycomputes the self-weight.
The self-weights of diaphragm, deviation blocks and anchor blocks can be
inputas beam loads. (nose connection part: 763 kN, pierpart: 516.1 kN)

e Prestress
- Primary tendon
Toptendon : @127 mm x12(¢0.5-12)

A, =0.9871x12=1185cm’

Ductsize :63mm

Bottom tendon : 127 nm x9(¢0.5-9)
A, =0.9871x9=28.88cm?

Duct size :51mm

- Secondarytendon: @127 mm x15(¢0.5—-15)
A, =0.9871x15=14.81cm?
Duct size : 75mm

- Post-tensioned force: 70% of tension strength attransfer
f;=0.7f,, =1330 N/mm’



CONSTRUCTION STAGE ANALYSIS FOR ILM

Loss immediatelyafter anchoring (calculated internally by program)
Friction loss: Py, =P, -e ““*Y (1 =030, k=0.0066)
Loss due to anchorage slip: Al, =6 nm
Loss due to elastic shortening: magnitude ofloss, APz =Af, -Ag,
Finalloss (calculated internallyby program)
Relaxation
Lossesduetocreep and shrinkage

e Creep and Shrinkage
- Conditions
Cement:Normal Portland cement
Concrete age at the time of launching: t = 7days
Concrete age when exposed to air: t; =3days
Relative humidity: RH = 70 %
Ambientor curing temperature: t=20°C

- Creep coefficient (calculated internallyby program as per CEP-FIP code)
Deformation due to concrete creep and shrinkage (calculated internally by
program as per CEP-FIP code)



ADVANCED APPLICATIONS

Setting Work Environment and Defining Section/Material

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

> E New Project
1 > E 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

Definition of Material Properties

Define the materal properties for the nose and girder using the database contained
in MID AS/Civil. Define the tendon as a user defined type by entering only its modulus
of elasticity.

Property Tab > Material Properties
Type>Steel ; Standard>ASTM(S)

@ Use the Lfwdlv| DB>A36 %
button when entering a .
number  of  material Type>Concrete ; Standard>ASTM(RC)
properties at the same DB>Grade C5000
time. Type>User Defined ; Name(Tendon ); Standard>None

Analysis Data>Modulus of Elasticity ( 2e8)

Material I [1 | Wame A ] |

Material|Section | Thickness | [steel J
Standard | ASTM(S) v
oo [ax  [r)
ID  Mame Type Standard DB J
1 A% Steel BSTH(S) 836 :”“;“‘;7:7]
Z GradeCS000  Concrete  ASTMRC) Grads el e L
3 Tendon User Def, jcoce) :;]
Delete e [ )
Copy
Modulus of Elasticity 159954005 | khjmz
Import Poissons Ratio 03
Renumber Thermal Cosfficiant & £,5000e-008 | 1/[F]
Waight Density i 77,09 Kk
Use Mass Density: 7.861 | kijm*fg
[~ Canct
Modulus of Elasticity ; 000004000 | kpymz
Poisson's Ratio o
Thermal Coefficient : 0.0000e+000 | 1777
wweight Density : 0| >
=] i | o it
Plasticity D.
Close ’7 Plastic MaterialNams — [wowe |7 |
~Thermal Transfer
Speific Heat : I:l BrUkN[F]
Heat Conduction ~ : I:l Btufm-hr-(F]

banprgRato ¢ [005

oK Cancel Apply.

Figure 9 Input for Material Property data



ADVANCED APPLICATIONS

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
€ Notational size  of

i i creep and shrinkage based on maturity. The time dependent material properties are
member is automatically

assigned by selecting the ~ defined as per CEB-FIP code.
element after modeling
the girder. For details,

> 28daystrength : 35000 KN/m?

refer to  “Using Cuil > Relative humidity: 70%
>Model>Properties>Chan
ge element dependent » Notational size : automatically calculated based on box girder section
property” of On-line
manual area and perimeterlength
Type of concrete : normalweightconcrete
Time of form removal : 3 days after casting (time at which shrinkage
begins)
§ ACI, CEB-FIP or user- Properties Tab > Time Dependent Material > @ Creep & Shrinkage >Add
defined properties can be [¢]
Name (Mat-1) ; Code>CEB-FIP(1990)
used for Creep and
shrinkage properties. I user Compressive strength of concrete at the age of 28 days (35000)
defined, appropriate Relative humidityof ambientenvironment (40~ 99) (70)
properties are directly . .
defined in Time Dependent Notational size of member (1)
Material  (Creep/Shrinkage) Type of cement>Normal or rapid hardening cement (N, R)
Function. L .
Age of concrete at the beginning ofshrinkage (3) A
Name : | HEE Code: |CEB-FIR(1390) t\
Mame Code Type < Add ) ‘:PUQBD)
Mat-1 CEB-FIP(1590) o - tha:ﬁt;gsﬁnfc;ﬁn:ﬁp:s(s;:; ftranqth of concrets A
Delete Relative Humidity of ambient environment (40 - 99) : 70 %
Notational size of member : 1 m
Copy h=2%ac Ju (Ac : Section Area, u : Perimeter in conkack with atmosphere)
Type of cement
Rapid hardsning high strength cement (RS)
G clo ] et
to check the entered Aige of concrete at the beginning of shrinkage : 3 day

creep and shrinkage

Creep Funcion Dita Type- Graph Ogtions
properties in graphs. e e uK cancel | apoly
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Fig. 10. Definition of time dependent properties of concrete
(Creep and shrinkaae)
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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.

Properties Tab>|@| Comp. Strength
Name (Mat-1) ; Type>CodeQ

Developmentof Strength>Code>CEB-FIP
Mean Concrete Compressive Strength at 28 Days (S28)(38000)

CementType(a) (N, R : 0.25)

Redraw Graph
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Delete

Copy

Close
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Hame
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Figure 11 : Definition of strength development function varying with time
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ADVANCED APPLICATIONS

MID AS/Civil requires that the time dependent and general materal properties be
independently defined and subsequently linked. This example links the material
properties (C5000) ofthe box girder to the time dependentmaterial properties.

Properties Tab >Time Dependent Material l':-llﬁ Material Link
Time Dependent Material Type>Creep/Shrinkage>Mat-1
Comp. Strength>Mat-1
Select Material for Assign>Materials>2:Grade CSOOOﬂ Selected

Materials ; Operation>_4d / Modify |

Tirne Dependent Material Link !
A
Time Dependent Material Type
Creep/shrinkage Mat-1 r
Comp. Strength Mat-1 A
Select Material to Assign
. Selected
Material
REnaE Makerials
1:436 2:Grade C5000
2:Grade C5000
3tTendon
=
<
Operation
Add J Modify Delete
Mo Mak CreepfShr  Comp, Str
2 Grade... Mat-1 Mat-1
< »
Close

Figure 12 Link between general and time dependent material properties
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CONSTRUCTION STAGE ANALYSIS FOR ILM

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

o Offset refers to a
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(2-Axis  Variation
defines the method of
varying element stiffness
in y(2)-Axis. For details,
referto “Using CIVIL>
Properties>Section”  of
On-line manual.

and web thickness are doubled ateach end. “mm” unitis used for dimensions.

Nose section
Location Actual girder size Equivalent girder size
End of nose 1 1250%400%10/20 1 1250x800%20/20
Connection part to the 1 2950%900x%26/30 1 2950%1800%52/30
main
Tools Tab/ Unit System
Length>mm
Properties Tab > Section Properties>Add
Tapered tab
SectionID (1) ; Name (Nose) ; Of'fset>Center-Bottomg
Section Type>I-Section ; User
Section-i>H (1250) ; B (800) ; tw(20) ; tfl (20)
Section-j>H (2950) ; B(1800) ; tw(52) ; tf1(30)
y-Axis Variation>Cubic ; z-Axs Variation>Cubic d @
%m T B - [unit:  mm]
:“:m I.w"” . ’ Al G
= L-omwa0i1g -
iy / T
n = - 1 = L—goxgoxo gf
m iz [0 jwm 4.800
e e

Figure 13 Nose section & input dialog
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ADVANCED APPLICATIONS

The shape and section dimensions ofthe girder are as shownin Fig. 14.

[Unit:  mm]
(o) P = TR ; = v
T | | | |
BE n \ —]
Y ; 5 §§ .
M\ ;
Ry
I 2, T g B o T o D Ty ems |
Ny N SN aw i

Figure 14 Typical section of bridge

= Section Data
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DEjUser | value

Section 1D

Mame | Girder

Joink Onfoff
101 J1 14
Joz #1012 Js
#0103 W13
Section Type
@1 cel
2 Cell

Shear Check
Auto
Z1: | 2480 (e

ZZ 1 Centroid
23 [73 |ym @

Ll TLiL

For shear(total) Auto
bl [ 1282.25mm &

E2: | B79.04Emm &
E3: [ 69974 mm (o
For Torsion(min.)
S631.68938 |y &
Offset @ Center-Botkom
Change Offset ...

Show Calculation Resulks, ..

SRC |Combined  PSC |Tapered |Composite

TOF PsC-1CELL, 2CELL v

Mesh Size for SEFF, Calc, mrm
Outer
HO1 200 mm  BOL 2708 |rom
Hoz | 240 |om BOL-1 | 1308 |mm
Hoz-1 |40 mm  BO1-2 |O rim
Hozz |Y mm  Boz |50 rim
Hos | 2510 mm BOz1 | O mm
HO3-1 [ 850 |mm BO3 [ 2900 |mm
Inner
HIL 280 |mm  BIL 2800 |mm
HIZ 190 | BIL-L (O -
Hiz-1 |0 mm Bl | 1100 gy
HIz-2 mm o BIz-1 [ 2800 |
HI3 1707 |mm  BI3 2586.5 |mm
HI3-1 858 |wm BI3-1 |0 i
HI4 373 |wm BI3-2 18865 |pm
HI4-1 |0 mm  BI4 o mm
Hi+-z | O rm
HIS 400 |

+ Consider Shear Deformation.
Table Input... Display Centraid
oK Cancel Apply

Figure 15 Section data input



CONSTRUCTION STAGE ANALYSIS FOR ILM

PSC tab
SectionID (2) ; Name (Girder), PSC-1Cell, 2Cell
Section Type>1 Cell
Joint On/Off>JO1 (on), JO3 (on), J12(on), JI13(on), JI4(on)
Offset>Center-Bottom
Outer
HO1 (200) ; HO2(240) ; HO2-1(40)
HO3 (2510) ; HO3-1 (650)
BO1 (2708) ; BO1-1(1308) ; BO2 (550)
BO2-1(0) ; BO3 (2900)
Inner
HI1 (280) ; HI2(190); HI2-2(0) ; HI3(1707)
HI3-1 (653) ; HI4 (373) ; HI4-2(0) ; HI5 (400)
BI1 (2800) ; BI1-1(1100) ; BI2-1(2800)
BI3 (2486.5) ; BI3-1(1886.5)
Shear Check >Z1 & Z3>Auto (Checked)
Web Thick> t1, t2, t3 & For Torsion (min.)>(Checked)
Consider Shear Deformation > (Checked)

% PSC Viewer. X

[PRE | B
w Bu3
HOL, (o P lan
102 1z
HozIH'lOZ - AL 21 IH[}
FoT HI3- 1
BOI1l Bu 1
S
Fol-2
oS 313 2
T o
HI4- %Ima
THo31 oo 1 imj

Viewer

Figure 16 Section shape reflecting the dimension entries
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ADVANCED APPLICATIONS

Bridge Modelingusing ILM Bridge Model Wizard

ILM Model

& The age (7 days)
at which the concrete
segment becomes
activ ated.

16

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 automaticallydeterminesifitis 2-D or 3-D.

Launching Nose & Bridge Information

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 placing and cured for 7 days before launching.

Tools Tab > Unit System>Length> m
Structure Tab > Wizard / ILM Bridge/ ILM Bridge Model
ILM Model tab
Bridge Information
Element Length (2.5) ; Stage Duration (12)
SegmentAge (7)9
Launching Nose

Material>1:A36 ; Section>1:Nose ; Length(35)




CONSTRUCTION STAGE ANALYSIS FOR ILM

@ When a cuwved
bridge is modeled, the
radius of the bridge is
defined.

Bridge Maodel Data Type
[ ® Typet Type?
-
TLM Model fop Bottom Tendons |teb Tendan |
[~ Bridge Infarmation Launching Mose —————————————————————
—
LAl 1
gementlongh 1 25 |n o Swweowsbon: [12 (5 dws || etens (ES L 2
Radius B Elm Segment Ags | 7 = days Section 'J
[ Bridge Model —————————————————————— ~Boundary Candition
~Type
@ Final Temparary
Material 1 436 = @ Hone Support
Section ] T Type Define Paint Spring " Elastic Link
rSegment————————————————————— Delete
g Elastic Link Length : El m
Repeat : 1
Mo, Length Add
InsertiPrev Temporary Boundary Position
InsertiNext
tength: [0 |m  Repeat: [1
Madify
Mo, Length Add
Delete:
Modify
Delete
Open... Save As... oK Cancel

Bridge Model

Figure 17 ILM Bridge Model Wizard Dialog Box-ILM Model

We now enter the information on the material and section properties of the bridge
segments. There are 15 segments (L =125 + 5@25.0 + 12.5 = 150.0 m) in total.
Each segment length must be a multiple of the launching distance, otherwise it will
promptan error message when the il button is clicked.

Bridge Model

Material>2:Grade C5000 ; Section>2:Girder

Segment>Length (12.5) ; Repeat(1) &l
Segment>Length (25) ; Repeat(5) fdd
Segment>Length (12.5) ; Repeat(1) &l

17



ADVANCED APPLICATIONS

18

Eridge Model Data Type
’V @ Typel Typez
ILM Madel Top Baottom Tendons |Wah Tendon ‘
1~ Bridge Infarmation LaunchingMose ——————————————————————
LAl
Element Length m Stage Duration | 12 days | | Material 1 A36 .
Radius 8 I:lm Segment Age : 7 days Section v
(—Br\dga Model ~Boundary Condition
- [ Type
@ Final Te
Material 2: Grade CS000 | ¥ ] e emparary @ Mone * Support
Secton |2 |[zicrder  [w]| Distance Type !%’\ Define  Paint Spring  Elastic Link.
[t} None
~Segment———————————————— Delete
g 2.5 None Elastic Link Length : El m
length : 12,5 " 5 Mone
= 7.8 Nane
Repeat : 1 10 Mare
12,5 Nane
Mo, Length Add ‘("—""“—|
! 125 Insert/Prey
2 25 ~Temporary Boundary Position
3 25 Insertfblext =
4 25 tength: [0 |m  Repeat: |1
5 25 Modify
6 25 Mo, Length Add
7 125 Delete
Maodify
Delete
Open... Save As... a4 Cancel

Figure 18 ILM Bridge Model Wizard - Bridge Model Input Dialog Box

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 boundarycondition for the final structure is entered at the laststage.



CONSTRUCTION STAGE ANALYSIS FOR ILM

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

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

Define |

Type>Support ;

"i ILM Bridﬁe Model Wizard ‘

Bridge Maodel Data Type
® Typet TypeZ
ILM Model|Top Battom Tendons |Web Tendon
EBridge Information Launching Nose
Element Length 28 m  StageDuration: |12 < days | | material |1 1; 436 [=]l..-
Radius B a m Seqment Age 7 C days Section 1 1: Mose o |
Length 35 m
Bridge Model Boundary Condition
@ Final Temparar! TEER
Material |2 2:Grade C5000 | ¥ | .. porary Nane @ Support
Section 2 2: Girder [+ Distance Type ey Define Paint Spring Elastic Link
B 0 Support
Segment Delete
¥ g‘s “U”E Elastic Link Length : 1] m
Length : | 125 one
g m 78 Nane
Repeat : | ! = ig . Hone Dx Dy ¥ Dz ¥
. lone v
i " v
Mo. Length Add ¢ 3 R (3 Rej
! 125 Insett/Prev
2 75 Temporary Boundary Position
3 25 InsettMext =
4 25 Length: O m  Repeat: 1 =
) 25 Madify
[ 5 Mo, Length Add
7 12,5 Delete
Modify
Delete
Open... Sawe As... [a]4 Cancel
Fig. 19 ILM Bridge Model Wizard — Piers of Final System

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 @ 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, aboundaryconstraint(DX) is assigned to the end of the bridge.
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€@ The length in
Temporary Boundary
position represents the
relative distance from
the starting point of the
bridge. Note that the
launching direction
starts from the finishing
point of the bridge (right
side)

Boundary Condition
Temporary

TemporaryBoundary Position>Length (150)9;
TemporaryBoundary Position>Length (15) ;

TemporaryBoundary Position>Length (5)

TemporaryBoundary Position>Length (10) ;

TemporaryBoundary Position>Length (5)
Distance>150
Type>Support ; Dx (on) M

Distance>165,180, 185, 195, 205,210
Type>Elastic Link ;

Repeat(1) g
Repeat(2) ﬂl
Repeat(1) ﬂl
Repeat(2) g
Repeat (1) e

ElasticLink Length (1)
LinkType>Comp.-only ; SDx(lel0) ; BetaAngle (0) Define]

Bridge Model Data Type

© Typel Typez

ILM Model Top Bottom Tendons |Web Tendon

Bridge Information

Launching Mose

Element Length 25 m  StageDuration: |12 ) days | | Material |1 1: 4% -
Radius io|0 m Segment Age : 7 2 days Section |1 1i Nose v
Length 35 m
Bridge Model Boundary Condition
T Final @ Temporar U
Material | 2 7: Grade CS000 (¥ | ... perary Mane TppoTT
ection |2 |2 Girder Tl Distance Type # | Define Poink Sprind © Elastic Link
Seqment : v Mane Delete
@ & i:g é‘f_‘f’t Elastic Link Length : ! m
Length : | 125 ek
eng! m 180 £ Link Link Type
185 E.Link General Type Rigid Link.
135 ELIH!‘ s Tens, -only ® Comp.-only
3,000 23,000 < >
1 8] | £y Temparary Boundary Position shx | 1e10 kMim
=t = 0
5.0 tenath: [5 |m  Repeet: 1 2| | Y (5%t
spz |0 KN
r-l " " Girder Fabrication Plant Mo.  Length A | pdd sy |D tmfTrad]
Abutmen—2TPZ  TF1 : b Madfy b
utme 2 15 SRy knirm/Trad]
3 é5 Delete spz |0 Kniem/Trad]
pier =13 b
2 10 Beta Angle : 0 ¥ | [d=g]
4 »
Open... Save As... oK Cancel
Fig. 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.
F/[\ 5EA 30FA
Section(@ support) s 00 @
iy erore . Girder Fimary lrdore
17w WL W Tal FREEd
Frimayésecordary krdor f
159 127
350.000 M
£ 3075 00032500 7z
]
R N EHE R E ‘! 5 !‘ oS0 Sifsizoi| SI3f s | 5
| li il | il Li | | il i | i il |
[ [-) [ [] Y []
Al Pi P2 F3 P4 P5 P& A2
L 1850.000=350.000 |
Segrrent diagram
Frimay krdore
(Top fatiy ! | !
ok dd_y : . !
I I I
secontay kndon
(1

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, ductdiameters and tendon names pertaining to each location.

Table 1 Tendon information at eachlocation

Location Number of Duct diameter | Tendon name
strands
Primary Top slab 12EA 0.063 m 1T
tendon Bottom slab 9EA 0.051 m BT
Secondary tendon 30EA 0.106 m WT

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
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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
ﬁ¢=«/§x0.075m:0.106]m (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 partfor various coefficients.

Top & Bottom Tendon tab (Fig. 22 @)
Type>

Tendon Property _I ; &I

TendonName (TT) ; TendonType>Internal ; Material>3:Tendon

One Cell =

Total Tendon Area
Strand Diameter>12.7mm (0.5 ' ) ; NumberofStrands (12)
& Tendon ty pes Duct Diameter (0.063) ; Relaxation Coefficient>45 ¥
determine Relaxation Curvature Friction Factor (0.3) ; Wobble Friction Factor (0.0066)
coetfigents, Use 48 Tor Ultimate Strength (1900000) ; Yield Strength (1600000)
ow relaxation tendons.
Check off the box to the Load Type>Post-Tension

right if relaxation is to be
ignored.

Anchorage Slip>Begin (0.006) ; End (0.006)

Refer to Table 1 for the remaining tendon data input.

Bridge Mode Data Type

8 Typel Typez -
1LM Model |Top Bottom Tend... #eb Tendon Name Type Add P
wWT Internal
Internal Modify
T
= w Delete
v
= x.
Tendon Property Tendon Type
Top Tendan Mamj Al
Bottom .| Tendon Ty Inkernal(Post-Tension) v
3 : v
Tenden Arrangement Material 3: Tenden
Arrangement Type 1|2 Cydle | Total Téfdon Area 000118452 ma
Duct Diametsr .
Tendon A Jacking Order : |15t I 0.083 i
 Relaxation Coeficient - v
Tendon B Jacking Order © 1st I elaxation Coefficien Magura 45
Ultimate Strength 120000 im?
Jacking Stress B Jim
160000 2
Top i o7 % |su - o [329104 | m w. | | Vel Stength Kt
Curvature Friction Factor 0.3
Bottom 107 EEET] 4 B4 | 249936 m BS:
Wobble Friction Factor 10,0066 tim
Grouting
Hi: 0201l Hz | 2.26 External Cable Moment Magnifier 0 Kifm?
Frestressing Step
@ Every |1 = stages N4 O s 4 2 Anchorage Sip(Dram in) Bond Type
Begin ¢ | 0.006 o ® Bonded
End ;| 0.008 m Unbonded
Open. Save As.
oK Caneel Apply

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

Specify the primarytendons as per Fig. 23.

PRIMARY TENDONS
9w 12,7 hiM

[unit : mm]
¢ BIRDER
1.817 3P230=6%0 700 S@I30=1 150 1.800

PRIMARY TENDONS ‘
15w TR MM w0 |

2 | ]
TENDONS STRESSE| !

H o

| I

2

i o]

‘ -8 40 0 -8 —

‘ 1.010 ‘ 9&8210=1.890

Figure 23 Primary tendon layout

r~ Bridge Model Data Type

® Typel  Typez

ILM Model |Top Bottom Tend... Web Tendon ‘

~Type

St Bi

4

iy

i Tendon Property

Botton |
—Tendon Arrangement—————————————————————

Arrangement Type : 2 Cycle A N3

Tendon A Jacking Order @ _] &
i 8 st A
Tendon B Jacking Crder ; -:] sb B3

—Jacking Stress

H2

Top ¢ o7 EET || e
Bottom ¢ |07 ET Iz || e
—Grauting
- Hi:
Prestressing Step
@ Every M1
Qpen. .. Save As... oK Cancel

Figure 24  Dialog box for primary tendon input
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ADVANCED APPLICATIONS

& 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.

24

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 oftendons is placed.

Top & Bottom Tendon tab
Type>| N =
Tendon Property>Top>TT ; Bottom>BT
Tendon Arrangement>Arrangement Type>2 Cycle

Tendon AJacking Order>1st ; Tendon B Jacking Order>1st
Jacking Stress>Top (0.7), Su ; Bottom (0.7), Su
Grouting>Every (1)9

B1 (3.65), B2(2.95), B3(0), H1(0.165), H2(2.75)

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




CONSTRUCTION STAGE ANALYSIS FOR ILM

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.

B

2,503
Fl:llt-? @ | ﬁ'.:.s.t-E
036 =] l D2 =L
L

Figure 25 Secondary tendon arrangement diagram (longitudinal vertical
cross  section) and tendon coordinates
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Select a type of type-2 among the standardized types predefined in the program. The
secondarytendons can then be defined by simplyfilling in the entry fields.

Web Tendon tab

Type>|mm“j

Tendon Property>1stTendon>WT

Jacking Stress  (0.7), Su

Position>Ey(2.503) ; Theta (16.39)

Grouting>Every (1)
H(1.6), G1(0.24), G2 (0.15), G3(0.312), C(0.2)
S1(0.38), S2(0.2), S3(0.075), a(4), b@) 4

% ILM Bridge Model Wizard

r~Bridge Madel Data Type
@ Typel Type2

ILM Model | Top Bottom Tendons IWeh Tendon‘

Type r~ Position Grouting

" Prestressing Step
M Tpez |¥
S £ - @ Every 1 skages

‘ Lst Tendaon Wl T A ]

‘ 2nd Tendon X ] Ey

‘ 3rd Tendon \—IL]
Ey 2,803 Theta | 16,39 | 4
Jacking Stress 5 ] m - [deg]

Inflection Point ~ Anchorage
G1 oy
\ G3 ?/—‘i—mk H‘\\
H \
Six [ 83x
§2%

o
3

Gl m @ 15 |n & |12 |m R m
s1 |38 2L s2 2 |xl 53 |.07S 2L a [* |m b |4 [m

Jpen... Save As.., [s]:4 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 atthe time of computing shrinkage.

Property Tab >Time Dependant Material > Change Property
‘_H: Select Identity-Elements
Select Type>Section
2:Girder et
Option>Add/Replace
ElementDependent Material
Notational Size of Member>Auto Calculate

. @ @ P dose - = Tile Harizontaly
ids = = Enet [ Tie Verticlly
E Bt M"i,, I3 Previous Y Cascade

Dynamic View Fender Vew | Select | Actites | GuosSnap | Deplay | wandw Wrdow Tie |
== EEITRIE® RS ® - ¥ 1sto4 CEE=DEIZ I DOEE N BA S

oom ™ (53 Named View

= = Oz
Redan Ind Presous

Change Sement Dependent Materi ¥ ..

Elseart tumber
Hods Humber 3 e .
Bementlunber: |75 >
FEemerts | 19074 5
: @
= Section v]  add &
Elemert Dependent. Materal Tt &
oete :
Motatond See of Merber ¥ : f
ot @ futo Celdate Replace p:
hi [0 m Intersect 3
Code: | CEBFIP > g Fhitgle
Thefomdak  h=2*Aciu 0
u=lotal 5
52 05 g
B
E
Apply Jose 7

4, Model Yiew

[ B AT a D

U: 140, 0,0

G: 140, 0,0

Figure 27 Revision of the value of Notational Size of Member for Girder
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28

Once the modeling is completed, verify the section shape using View / Lﬁ Hidden
and the tendon placementin a 3-D view.

Hidden (on)

El Display
Boundary>All ; Support (on), Elastic Link (on) d

LB B cose - | BS Tie Horizontaly
= ) Haxt [T Tike verticaly
N previous | B Cascade
window | window Tie |
Ao DN IO EE A BA
Chengs Elent Deperdent Materl v | ...
Elstart husber
Nodetamber ¢ [163 a
Eemertiamber ;|75 i
coton Y
® addAaplac Dot Y
Raplace 3 ~ 8% 2
age & ¥ =
Elanert Deperddant Hatarial e B9
Netational Szs of Memaer - Q¢
mp @ Ao Cakuats o
[IRE i1 *
Code:  [CEBFE i1
Thefomulas  h=2*Aciu lj
uslot s
: [0s g
@
)
=
]

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 (Fig. 28) for the nose and each segment, the Boundary Group (Fig. 28) for
the Final System and Temporary Group (Fabrication plant), and the Load Group for
jacking forces and self-weights are automaticallygenerated.



CONSTRUCTION STAGE ANALYSIS FOR ILM

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.

N

2 "
ol =|
1
PIEF:-7
19,000 | |
40,000
£0,000 10,000
':_.l:_ CIRDER
SEECOMDARY TEMDONS
L
—
16-39\
Figure 29 Secondary tendon layout
Table 2 Coordinates of secondary tendons
[unit : m]
Description 1 2 3 4 5
Distance 0 19 40 50 60
Ez 2.160 0.500 1.717 2.785 1.763
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30

oog G =+
B point Grid (off), 52 Point Grid Snap (off), " Line Grid Snap (off)
Hidden (off)

@ Display
Misc>Tendon Profile Point (off)
Boundary>All ; Elastic Link (off)

Iﬁl Active Identity
Group>Segmentl, Segment2, Segment3 ﬁl

[ chose ~ | == Tie Horzontaly
5 Nt 11 The Verticaly
iy [ Prevous | B cascade

- i |

Rechaw Intal Prevous Display

jow  View P T

Dyramic View |ewwm| Window | vindowTie |
— = BREITEHE®D EHD S ® 53 TR 1) RO
e

Bament
CurertiCsPans @ Gow
‘Change Emerd Dependert Halerl | .. i oo S
Elart puriber Boundary Gow Masbar
ode Nurbar 163 Hose a
wnbae ;. [75 fsman=rtl =
[R— =] a
egrents @
Optian Segments o
jace. . Segments =
e o Sz e &
] e . E
B — e/ T :
Notatend i of Mamber | T - <
P .
It ® Auo Caate T e d
ictivated chiect only e N q
b 0 mn s - h"
dce | | actves | | Tnace s | [ N
Code CEB-FIP - Active Al Close g
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s |05
Aoply | Goe &
(3
S ]
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Figure 30 Activation of segments 1,2 & 3 only



CONSTRUCTION STAGE ANALYSIS FOR ILM

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 (2)
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.

M Element Number (on)

Load Tab/Temp./Prestress / Prestress Loads/ EdTendon Profile S

Tendon Name (WT-End1)
Select Window

§@ Grad. Rot. Angle
represents the angle of
the bridge expressed in
terms of rotation about
the axis specified. Y & O
represent that novertical

(15t038)

Type>Spline:

(Elements :

Straight Length of Tendon>Begin (4) :

Reference Axis>Straight ;

; Tendon Property>WT
15 ~ 38) or Assigned Elements
End (4) : input Type>3D : Curve

Profile Insertion Point (35, 2.503,0)

slope exists. x Axis Direction>X ; X Axis Rot. Angle (-16.39), Projection (on)
Grad Rot. Angle>Y, (0) “
1>x(0) ; y(@©) ; z(2.16)
2>x(19) ; y(@©) ; z(0.5) ; fix (on)
3>x(40) ; y(@©) ; z(1.717)
4>x(50) ; y(0) ; z(2.785) ; fix (on)
5>x(60) ; y(@) ; z(1.763) J
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Tendon Name Group: Defauk  [v |
Tendon Property W Iz [--:

Assigned Elements

Input Type, Straight Length of Tendon
2D 83D
Begn: |4 m
Curve Trpe
© spline Round End: |4 m
Typical Tendon 1

Transfer_Length

User defined Length|v | Begin: [0 [End: [0 [m

An Results B De

B & &
Static Load UsingLoad | Element  Temp.  Beam Section
Cases  Combinations | Temp.  Gradient  Temp.

& System Temn,
4° Nodal Temp,

Y 3z L% Prestress Beam Loads

=) -

T -r\gu Ti? - Pretanson Loads
endon Tendon Temdon g

Property Profle  Prestress = EXteimal Tue Loadease

Prestress Loads

Create Load Cases. | Temperature Loads |

SOt ZiDeCEE NS

Prafile
rence Axi: ® straight© curve Element
v s.osasz
0.999625
-a.6150 +
o e ose a0 s s

52838 T
B e N

-4.62538 1ttt
sty | v |z | m Rylaeg) | Repeq)

1 0.0000 [ 21600 | 000 000
2| 19.000 [ 00000 | 06000 9| 000|000
3| 40000 00000 | 17170 | 000| 000
4] 50000 | 00000 | 27850 || 000|000
5] 60.000 0.0000 | 17630 | 000| 000
3 =

Poirkof Sym.; " First  © Last | Make Symmetric Tendon

Profil Insertion Pairk | 35, 2.503,0 i

s Direction i e ¥ ador

0,02

ks Rt Angle (deg] ¥ Projection

Grad, Rot. Angle v [v] [0 [deq]

oK Cancel apply

SR

Oeeso

| R

d Message

Enelysis Message

U: 40, 0, -1

Figure 31 Definition of additional tendons in left web at left end of the bridge
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Copying the tendon WT-End1l 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.

Load>Temp./Prestress/Prestress Loads /=3 Tendon Profile > Name> WT-
Endl ; Postfix(-1) _ Coy |
WT-End1-1 L Medfv |
Profile Insertion Point (35, -2.503, 0)
x Axis Direction>X ; X Axis Rot. Angle (16.39), Projection (on) J

"i AddiMudifﬁ Tendon Profile ﬁ

FRLECLLLI b4 Tendontame : | DIESIIE] | Group: Defaut | ¥
HName Property Element Mo, List Type - add Tendon Property  : WT I
wEBL2 wr alt13 Straight 1 . 151038
WEB13 WT 131to154 Straight 1 Modify Assigned Elements : o
WEB14 WT 131to154 Straight 1 Input Type Straight Length of Tendon
WEBLS Wi 111tol54 Straight 1 PR 2D @30 "
WEBlS Wi 111015+ Straioht 1 Begin: | m
WeB2 Wi 15t038 Straight 1 Conr o Curve Type 4
WEB3 Wy 15058 Straight 1 @ Spline Round End: Wl
WEBY Wi 15t058 Straight 1 EpotioDif =
WEBS W 3lto78 Straight 1 S Typical Tendon 1 v
WEBG wr 3to7a Straight 1 = Transfer Lenath
WEB? W 51t098 Straight 1 FEMETETLEE
WEBE WT 51098 Straight 1 User defined Length w | Begin: |0 End: |0 m
WERS Wi Titot18 Straight 1
WTEndL WT 15t038 Straight 1 Profile
el W e gt;::g:: ! Reference Axis : @ Straight Curve Element
WTEnd21  WT 131to154 Straight 1 v ¥ 5.28462
< > Close. 0_364615 1
-4 51526 1 y
o w o e @0 e S0 6O
%
Z 5.38452
0283615 [ ——| e
-a.51528 4 | L '
o w o e @0 e S0 6O
%
(Y i) zirmy | fix| Ryldeg] | Rzlded]
1 0.0000 | 2.1600 [ 0.00 0.00
2| 19.000 | 0.0000 | 0.5000 | 0.00 0.00
3| 40000 | 0.0000 | 1.7170 | 0.00 0.00
4| 50,000 | 0.0000 | 2.7850 | 0.00 0.00
5| B0.000 | 0.0000 | 1.7630 |~ 0.00 0.00
5 =
Point of Sym.: First @ Last Make Symmetric Tendan
Profile Insertion Point 35, -2.503, 0 m
* Auds Direction LS ¥ Vector
0, =
x fidis Rok. Angle 16.3  [deg] |+ Projection
Grad, Rot. Angle : v 0 [deg]
[+]9 Cancel Lpply

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

% Active Identity
Group>Segment5, Segment6, Segment7 Active |

Activate only the segments 5, 6 & 7 for defining the web tendons at the right end of
the bridge.
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§ When ILM Bridge
Model Wizard is
executed, “SeffWeight”
and “Prestress” load
conditions are
automatically generated
and entered.
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Similary, copying the tendon WT-End1 and changing the Profile Insertion Point, x
Axis direction and web rotation angle can create the additional tendons in the left
web at the rightend of the bridge.

Tendon Profile>Name>WT-End1: L Co8¢ |
WT-End1-Copy L Modfy |
@ Unselect All, SelectWindow (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)
Tendon Profile>Name>WT-End2 ; Postfix(-1) &I
WT-End2 | Mediv |
Profile Insertion Point (185, -2.503, 0)
X AXis Rot. Angle (-16.39), Projection (on)

nayss  Mesults  PSC Pur

TendonMame : | WI-EndZ Goup: [Defauk (¥ || - - -
(@) 5ta] randon Proparty wr . ﬂ @ c it ¥ sptem Temp. |y 1z L% Prestess Beam Loads
@ e pesinedtionans + iore i3 , Em&; Tﬂ h.%d §° Nodsi Temp. r.% T[Z] ‘l-_dJ = Pretenson Loads
=l cad Using Loa ot Termp.  Beam Secton endmn Tenden Tendon g
R T Sirsight Langth of Tendons les  Combinations  Tep. Giadent  Terp, Propsrty  Profie Prstress < SXteal Ty Loadcase
e Begn: [4 m [eate load Casms | Temperaturs Losh I Frestiess Loads
| e e Found End: |4 W 5 = % sior4 B = LI
Typical Tendon s —
Trarafer_Length Ik
Userdefrediengh v Bean: [0 Jend: [0 m
Pratie
Refwencemds ;@ Sysght O cuve O Ehment
wdl| [y stz 7T T T T T
S o.2va01s

IR ] s‘ Bl 917

RIBPESD

Frete amp | yimy | zim) | ] Rytdeal| Refsen
o 1 0.0000 | 21600 [ 000 [
19.000 | 0.0000 | 05000 @ | 000 0.00
40000 | 00000 ] 1.7170][ | 000] 000
50000 | 0.0000 | 27850 F‘ oo 000
60,000 | 0.0000 | 1.7630 | 0.00] 0.00

r 1

L‘
| EFETELIDEREY:

Poinkof Sym; O Frst @ Lt E Terdon
Frofle inemtion Font + | 195, 2:508,0 -
s estion X OY ®wan
155 -
s Rk, Al 163 [deg) ¥ Promctin
| Grad. Rol. Aegle v o [deg]
TreciY boe ( Anis e el | ]
o Cancel agshy U: 145, 0, 0 G B & oim) DI S [ 2 =

Figure 33 Definition of additional tendons in left web at right end of the bridge

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.



CONSTRUCTION STAGE ANALYSIS FOR ILM

Load/ Temp./Prestress / Prestress Load
Load Case Name>Prestress *

L1 I
s/ &4Tendon Prestress

Load Group Name>Web-Prestress

Selected Tendon for Loading>Tend

on>

WT-End1, WT-End1-1 ﬂ Selected

Stress Value>Stress
Begin (1330000)
Grouting>After (1)

Add

1stJacking>Begin (left-end of bridge)
End (1330000)

Selected Tendon for Loading>Tendon>
WT-End2, WT-End2-1 ﬂ Selected
WT-End1, WT-End1-1 & Tendon

Stress Value>Stress
Begin (1330000)
Grouting>After (1)

’

Add

1st Jacking>End (right-end of bridge)
End (1330000)

Add

Tree Menu

Mode  Elemn...

Eoun.

Tendon Prastress Loads
Load Case Name
Selfweight

Load Group Mame
Default

v

Select Tendon For Loading

Tendon Selected
Mame kad Name
BOTL-1 WT-Endl
BOTL-2 = WT-Endi-1
BOTL-3
BOTL-4 <
BOTL-5 ha
£ > £ >
Stress Walue

@ Stress Force
1st Jacking : Begin r
Begn : |0 kifmz
End ;|0 kifmz
Grouting :  after a 2 Stage
Tendon Type Load Case |
TOPLE-8  Stress Prestress
TOPL7-8  Stress Prestress
TOPLE-7  Stress Prestress
TOPLS-7  Stress Prestress [,
: . e

Add Modify Delete

Close

Fig. 34 Jacking force input of the additional tendon at the end of a
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DEFINITIONOF ILM CONSTRUCTION STAGE

36

MID AS/Civil has two types of work modes(Base Stage Mode and Construction Stage
Mode) when Construction Stage is defined for the construction stage analysis.

Base Stage mode denotes the stage where all structural structural modeling, and the
input of loading conditions and the input for boundary conditions 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 no data information can be revised and
deleted except the boundary condition and the loads.

Construction Stage consists of ‘Activation and Deactivation’ commands of Structure
Group, Boundary Group and 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 pre-stress 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 inputin ‘Base Stage’ after activation or deactivation of
the concerned Construction Stage.



CONSTRUCTION STAGE ANALYSIS FOR ILM

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 a particular order. MIDAS / Civil provides ‘ILM Bridge Stage Wizard’
function which can define the construction stage easily otherwise it is complicated to
define the construction stages considering all the boundary conditions and the
changes of the elements. 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 defines the
construction stages considering the change in boundary condition.

The data is inputted 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 is known as ‘Final is automatically generated in
ILM Bridge Wizard function)

2. Inputthe total launching distance and direction in ‘Launching Direction’.

I. Setthe ‘Reference Node’ as the end of the nose.

Il. Input as Start Node where the nose is resting at the initial
construction stage.

Ill. If End Node is set at an arbitrary node in the left side of the Start
Node, the segments are launched towards the end node direction
starting from the start node.

3. Ifthe launched location at the time of modeling and the location of piers
and abutments after completion do not coincided, input General
Tolerance which will consider the two locations as equivalent.

4. Inputof launchinginformation per each segment
I. 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 known as ‘Field’.

Il. The boundary conditions are automatically input at every

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

lll.  As the boundary conditions of the field and the temporary piers are
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4] Input
allowabletolerance 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
curv ed bridge.

not needed at the final construction stage, which the jacking of the
second tendon is completed, deactivate the Field boundary condition

atthe final construction stage.

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 whichis an arbitrary node at the left side of Start Node.

& Element Number (off), [ ActiveAll
@ Display
Misc>Tendon Profile (off)

Structure/ Wizard / ILM Bridge / ILM Bridge Stage
Boundaries of Final Structure System>Boundary Group>Fnal
Launching Direction>Reference Node (1)
Start Node (75)4j ;  End Node (73)@j
Generation Tolerance>T (0.01) @

load  anglyss  Reautts

= a us - & st “ Check/Tuplcate Bements
. 522 Grids - L BT - [ Dislay Free EdgefFace ~
pT‘ BB o e ane | ] e * 4 Check Blsment Locd e
.
UCSPn Gow Creck Structure |

Boundary

£ Base Structurs F 1w Bndge ~ [E Fam Biidge = RC Sleb Bridge
V| SugensonBidge ¥ FOMBndge & Transverse Model [T] RC FramefBox
4 =

e o o

Tice |
e —
E ‘Boundaries of Findl System Launching Cirection

R T e T T

Botrddary Group < > || | Reference todk :
Generation Tolerance Start Node
7o oaose n
Freterson Loat: e | |t
Radis n
Load Case Name- :Tl:
SeFweitt ﬁ
Load Group Heme L '
Default ® * !
Launching Information i ¥
aptons =
Sep  Resut Aetie  Inaca

52 v twe e
Sadd Onel ol

Fretension Losd

Defire. Dekcte

Command Message [ Zraiyes Wesssge [

Hl: G000 00 %0 Dee o0

=
b
Wbl

Fig. 35 Definition of construction stage using ILM Bridge

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 1st 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
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are activated for the 1st segment during the incremental launching information is defined, the

defined boundaryconditions are maintained until they are deactivated.

€ Analysis results for
each construction
stage can be saved ff
Save Stage Result is
selected

Structure Tab > ILM Bridge Stage>
Launching Information>Stage>CS1 &l
Launching Information>Distance (10) ; Step (2)
Save Stage Result (on) ; Save Step Result (on) @
Boundary Group for Temporary Support>Boundary Group>Temporary

Active Group &l A

Boundaries of Final System Launching Direction Launching Infarmation
Boundery Group:  [Defauk | | | Reference Hode : Distance @ | 1] m Save Stage Result
-
Generation Tolerance Start Nods Step + 0 2 Save Step Result
T | 0.00314 m End Hode Boundary Group For Temporary Suppart
Rradius . " Boundary Group Rad Active Group Inactive Group

Final

Temporary

C51-Dfm0

C51-0rgl

C31-Dfm1

Launching Information

Stage  Duratio

> Add Delete Add Delete

PR -

Fig. 36. Input Launching information for the 1st segment

¢
35,000 25000
13 a0
.00
Delete _ _BiRoE#
H " Fnulll;;l.qluu
Open... S0 G, oK Close ABRUTEHENT = F7TPZ TP1PLANT
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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 hence the end
of segment should be launched at the location of abutment. Therefore the segment
should be launched at 50m that is summation of segment length 12.5m and the
distance between manufacturing yard and abutment (2@15m+5m). CS8 is the
construction stage during which the 2nd tendon is acked. Boundary conditions in
CS8 are the same as those of the other construction stages. In CS8 segment 7 is
totally launched and only 2nd tendon is activated. Therefore the launching
information is not given and only the results are saved. 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 &l
Launching Information>Distance (25) ; Step (5)
Save Stage Result (on) ; Save Step Result (on) J

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

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

Deactive Group fdd |

Launching Information>Stage>Cs9 ____Define |

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

% ILM Bridge Stage Wizard b4

Boundaries of Final System Launching Direction
Boundary Group: | Default M Reference Node :

Generation Tolerance Start Node

T: 000914
" End s

T Radus m
J—
eifT £

Dist Step  Result Active  Inada

Define Delste

Open... Save A5, . oK Close:

Figure 37 Input Launching Information for each Segment
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4] @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, 2nd 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 (Fig 38 @)

Boundary>Supports>
Boundary Group Name>CS7-Dfm9
Select Window (Node: 75)

Define Supports

Options>Add ;

SupportType>Dx (on)

In CS9, input the boundarycondition at joint35 similar to the procedures for CS8.

| vew o

]’-—?lh‘-‘fiﬁ =

rropertes [CERRSELl L0s0  fnshs Resdts SO Pushor

Opbors:

Support Type {Local Direction)

et = Losi  Andyss  Results
/ 2 Generdl Spring ~ | (1] o3 5 i . EH Linear Corstrants 7 Effective Width
g &7 .gg T intergrd Bridge: UU x }Hﬂ L E [t Panel Zore Effects @ Define Label D
Defre  Pont  Surface Bastc Rgd General | BeamEnd BeamEnd FlateEnd oo ndary
Supparts | Spang Sping Lnk Uk Lnk -| Rokxe Offets  Reeme | i Mooelocal muc Tables *
Supports Sgeing Supports Lnk | Rekzass)Offset EtT. Tables |
FEITRHE®IFEDSS® AT CEESPSIA I TA0EE NN GE

©ad3 O Rephoe  © Del

Sl

Be e a0

PEODO@ OQ: €% R

Figure 38 Modification of Boundary Conditions at CS8

41



ADVANCED APPLICATIONS

After completion of analysis model input (element, boundary condition and load) and
definition of construction stage, the tendon arrangement and boundary conditions
can be easilyreviewed using Stage Toolbar.

Hidden (on)

Display
Misc>Tendon Profile (on)
Stage>CS1 (Fig 39)

- - [E M- = et
= Lot X | e e M e r e | (0T vty
1§ - - e AR e DR Blheis Bosae
| RenderView  Gelect | Activibes. GibsfSnp | Depley | Window | Window Tie |
CEEITEHE® HEIISS® paL i EES & F D ACEE Y LB

@ The construction
stages can be easiy
changed using arrow
key in key board.

4 Model viey

Ilel |

.
W wn ] ke TS 2

Il 0006 00 €28 00000

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. At stage CS8, input2nd dead load as beam load.

» Superimposed dead load (2nd dead load)
» Inputbeam 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.
Therefore 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 supportsegmentis activated.

I.  INose connection part: 763.0 kN

Il. Pier parts & Abutment part at bridge end: 516.1 kN

The self-weight of diaphragm is assigned as a uniform load along the thickness of
diap-hragm whichis 2m long.

Diaphragm2
Diaphragm1 (activated at CS8) Diaphragm3
(activated at CS7) B b ~N (activated at CS7)
"\ SEG1| SEG2 | SEG3 | SEG4 | SEGs | SEGE |SEGT|
ABUH\ /aa—lurz
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 Nose connection part Diaphragm1
CS8 49 ~ Pier part Diaphragm?2
Css 99 ~ Pier part Diaphragm?2
Cs7 148 ~ Abut part at bridoe end Diaphragm3
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Define Load Group (2nd Dead) and Load Group (Diaphragm1, 2, 3) to input Super- imposed 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.

@ Display

Misc>Tendon Profile (off)
Stage>Base

Group>Load Group New...
Name (Diaphragm) ; Suffix (1to3) il
Name (2nd Dead) e

X Pl P f» o Lusieos @ [E a0 - | B e Hozontaly
e =

4] | % oymaic - @) view Paint
= B O o zeom

{
- ; = & Nemed = Enet [l The Verticaly
Redaw Il Prevos et (3 revous | B Cascade
Cyniamic Vi Hame 2nd bead Wirrdow | window Tie |
Suffe 5 CEESD N NAREE N L BA
(Exanple 135670 20br2) =
add
Modey
[
Dalete I a
. ot t @
1t e
a
&
+
A% Tandon Giowp © 0 g
0
@
B
5]
@
&
b
woo |
>
T3 15T\ Commana Message / Anver wesesse 7 (£ 0
. [TIEY B [T Sl o

Figure 41 Generate Load Group
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Activate load group Diaphragm1 and Diaphragm3to CS1 and CS7, respectively.

Top Left of model view > Fi| Define Construction Stage
Name>cs1 . Modify Shaw

(4] _If the time step for Load tab
activation is defined . .
at  First, load is Group List>Diaphragm1
applied from the 1st Activation>Active Day>First ; Group List _ bdd | a @
date during the
duration of specific Name>CS7 Muodify Show

construction stage.

Load tab
Group List>Diaphragm3
Activation>Active Day>Frst ; Group List ﬂl o

&  Among
automatically
generated
construction _stages, e ———
. Addtond Steps
some construction oot [0 s
stages end with upw. E\I:lme ;)uratmn ;)ate gtep ?::lt /‘l Add { Exemple: 1,37, 14 } ::Hr D:ea
[ pns —_—
At these construction o1 D 0 0 Stage,, 7| | TSR o i
51-2 1z 1z i} Stage,. @ . Smphmber | [0 [
stages, the end of a2 0 1z 0 Stage Insert bt - . a——
. 52-1 i} 1z i} Stage,. S — CuTert: age Iomsbon..
nose is located at o2 0 12 5 Stage. .
. . . 5230 12 0 Stage,. )
piers. But it s Cona 0 s 0 Py Modify/Show Aetuston Dasthatin
considered as C52-5 12 4 0 Stage,. Delets acivetor [Fri [mke) | pacembers [Pt [mdete)
. 53 i} 24 i} Stage
cantilever beam C531 0 24 0 Stage,. s b
53 n L) n Fane Merree: Dey
because these are < w I'Tal Close
the construction
stages to confirm the
maximum negative T T
reactions.
o Cancel Appiy

§¢ 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.

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.

Top Left of model view > E Define Construction Stage

Name>Csg _Modify/Show |

Element tab

Group List>Nose
Deactivation>ElementForce Redistribution (100) ; _ Add | A

Load tab

Group List>Diaphragm?2, 2nd Dead
Activation>Active Day>Frst ; Group List &l |

Stage>Duration (10000), Save Result>Additional Step

Mame Duration | Date Step ‘Resu\t ~
£57-3 0 72 [ Stage,.
c57-4 0 72 ] Stage,.
575 0 72 ] Stage,.
575 0 72 [i] Stage, .
C57-6 0 72 ] Stage,.
577 0 72 ] Stage,.
C57-8 0 72 ] Stage,.
579 0 72 [i] Stage,.
5710 12 a4 ] Stage, .
C5& [1} a4 a Stage
551 0 a4 ] Stage,.
e n a4 n Shans

1x]

Add
Insert Py
Ins:

Generate

Delete
Close:

Compose Consti

ruction Stage

Stage Additional Steps
o I | b o | ook |
=] (Examplei 1,3,7, 14 ) Modfy | Clear
Duration ¢ [i = g Step
Auto Generation
Save Resut
Stepumber : [0
[ Stage I~ Addtional Steps fo o
Generate Steps
et Stage Information. .. |
Elerent | Boundary Poad |
Gl J Activation Deattivation
ise Elemert Force
Segment1 N — . [ =,
Seqmentz Age i |0 = dayls) Redistribution : S
Seqnenta
Seqmentd Group List Group List
SeqmentS
Seanents i [ oo [ || [teme [ Redt [
Segment? Seqment 7
Segmentd
Seqmert10
Segment11
Segment12
Segment13
Seqment14
Segment1s
BridgeGirder
Add | Hodfy | Delete add | Hodfy | Delete
ok ‘ Cancel ‘ bpply ‘

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.

48

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>CS1
@ Front View

Load Tab>Line Beam Loads
Load Case Name>SelfWeight ;
Options>Add ; Load Type>Uniform Loads
Direction>Global Z ; Projection>No
\alue>Absolute @ x1 (0), 2 (2), w(-763/2)"
Nodes for Loading Line (15, 16)

Load Group Name>Diaphragm1

PSC Pushover

Design

) Saisric (©) settizmentEte.

W g

@statcioas| (O @ s Weght & Nod Bod Force_TTL Epment . ) Presaure Loads = Tritidl Forces
(@) Temo.frestress (%) Consuction Stage (5] Losd Tables . o Mo Lo (oo MassesC_ine DYickostatcressure | (] s Per Lot ~
Oworrglosd (0 Heat of yerabin L e Soeced Uil ! Loads toMassss EL TR & Assn lne Loads *
Load Tyre Create Load Cases Structure Loack f Messes Beam Load Pressreload | Intd ForesFn |
= EEITRHE®IRDRR® % - S EESPRIAITICEE|X N FS
1B
Line Beam Loads v
Load Case Hame:
SeFdleight b
Load Group Nams.
Dizphragml v
vt i
Oad OReplaz  © Dektm —
Load Type
Unoem Loads - S B B § 7 p 3 0@ 4 0\@ B 4 W 4 g 1w @ o0m
a I ¥ oB p 3N N o} B oM OB ¥ A By B W 0

Element Selection

nthe loadng ine -
Excentioty

Drecten | GobdZ ¥

Projectin : Yes  OMo
Vahe

Hl- Y -EC00 08 €o%n 008 00

\ Command Message /| Anlysis Message

Figure 44 Input Diaphragm weight at Nose Connection Part
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Input bridge end part diaphragm load atCS7.

Stage>CS7

@ Display

Load>All ; Beam Load (on)

Load Tab> Beam Loads Section >Line
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)

= Tike Horizontally

- —p
2@ | & S

Recraw il Pr o) o N‘:E . = | 11 Tie Verticaly

edaw il Prevous 2 - . s . @

view  View ) =k w oy | e 3 Previus | B Cascate
Dynammic View | Ronder view | Sekect | Activities | GndsfSnap | Cisplay | Wirddowe window Tie |

== EEITEHE® EH SR ® i 1 - EES NI A DACEE NN B

15[+ P\ Command Wessage f sy Vezeage

a
Blement Selection &
ot g e = an B a
EccentricRy T g5 a
-
P T
“ TN i I e R s a i el a R aE] fod
Pomtons  Oves @ o
v =4
Rebtve O schts +
x w S16.1/2
alo =
alo =]
“
Unit:  Hidim @
fremrT——— %
CopyLosd
A
x3
..

Figure 45 Input Self-weight of Diaphragm at bridge end
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Input diaphragm self-weightat 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 boundaryconditions. Because same loads are applied to all
piers, loads can be copied and then applied.

Stage>CS8

Load Tab> Beam Loads Section >Line
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)

¢ Copy load and AXiS>X Distance(50)9
input  because  the Nodes for Loading Line (34, 36)
pier  spacing is

identical as 50m.

Re

B P

(LS ucsiecs -
- 88 crids ~ Q

73] ] < o B [ oose - | B Tie Horeontaly
2 O © 3 , | O [ Do | R
Reckaw [t Praves g ¢ - ® - dctve Toace A v o D MR o B o
Dymamic View Render View | Select | Activities | Gidsfsnm | Display | Window | WindowTie |
i CEESPEIA AR B
Sl
a
mtmmsove . A
- a8 & e FE] [1
Direction (Gobal 2 s
rom OO G Prodvrrbbberteberbestoborr s st e e s et et e st et r b i s e bubp it @
vabe o
Relotiva @ Absokta %
i [15_ | w[=81
w [o 5 o
x [0 o
o g
MNedes For Loading Line 36 "
# Copy Load lg\\/ %
A+ o x ¥ <§\ 3,
Dtances: | 50 n A
(Example: 53,45, 905.0) b P
——E
Ll | o
| I vl [l feode 2[0S 3
5 ] -2 ] - s ar
Ad4 i1 de A7 kil

Figure 46 Input Diaphragm self-weight at CS8
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Input superimposed dead load at CS8.

Hidden (off)

Load Tab > Beam Loads Section >Element
B selectall
Load Case Name>SelfWeight ; Load Group Name>2nd Dead
Options>Add ; Load Type>Uniform Loads
Direction>Global Z ; Projection>No
Value>Relative ; x1 (0), x2 (1), w(-315) J

& 3 ¢ Cyramic ~ (G View ot - % v | B (5 — T | | B £ dese - | Tie Hoontay
RLLf L‘Lf n Dzoon - Bnmeaves LA 4 5 - 7 r)': f = s - o 3 Nt | ] Tie Verticaly
edraw L"éﬁ 3‘«;55 ™ pan - e @ .| [ - | Acthe Tnactive - rm: Snp v Dis(f'dv MNSS« 13 Previos | [ Cascade
Dyriamic View | Rerdi View | Select Actiities. I sfsnap | Display | window Window Tle |
iEREITRHE®IENRG® alny - EES R A LICEE NSRS

®Add  Replace Delte

Eccentrichy

Drection kel 2
Frojection Yes  ®No

Hll:. 000608 €22 OLPA0D

[1]\ Command Message /| iraria= ieszage |

Figure 47 Input Superimposed Dead Load at CS8
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Stage>Base

Analysis Tab >Construction Stage
Final Stage>Last Stage

&% Define Analysis Option>Include Time Dependent Effect (on)
convergence
condition ~ for  the Time Dependent Effect
creep and shrinkage . .
analy sis. Creep Shrinkage (on) ; Type>Creep & Shrinkage

Convergence for Creep Iteration
Number of lteration (5) ; ToIerance(O.Ol)9

& The long term load Internal Time Step for Creep (1) o
effect  can  be Auto Time Step Generation for Large Time Gap (on)
considered by
generating time steps Tendon Tension Loss Effect (Creep & Shrinkage) (on)
internally for Variation of Comp. Strength (on)

construction  stages
that have adequate
duration by checking

Tendon Tension Loss Effect (Elastic Shortening) (on)9 |

on “Auto Time Step
for Generation for
Large Time Gap”.

¥ This is the item to

consider tendon
prestress losses by
elastic shortening,

creep and shrinkage.
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r~ Analysis Option

Incdude Monlinear Analysis Nonlinear Analysis Control
Include P-Delta EFfect Only P-Delta Analysis Control
| Include Time Dependent Effect Time Dependent Effect Control

" Convert Final Stage Member Forces to Initial Forces For Post .5,

Final Stage (Cable-Pretension Force Control
’7 © Last Stage » Other Stage sl LL] ‘ ’V @ Internal Force “ External Force I:I ‘
rInitial Force Control
| Restart Construction Stage Analysis Select Stages for Restart... ‘

Change Cable Element ko Equivalent Truss Element For PostCS

Apply Initial Member Force to .5,

! Initial Tangent Displacement for Erected Structures

Mose b
MHose =

r—Load Cases to be Distinguished From Dead Load For C.5, Qutput
Load Case : v ] ... | Load Case add

Delete

Load Type for C.5, (Erection Load) : ‘Dead Load of Wearing Surfaces ami A4 ]

" Consider Stress Decrease at Lead Length Zone by Post-tension

L]

=

Beam Section Property Changes
’7 " Constant @ Change with Tendon

Frame Qutput
Caleulate Concurrent Forces of Frame
Calculate Output of Each Part of Composite Section

Save Oukput of Current Stage(BeanTruss)

Remove Construckion Stage Analysis Control Data (114

Cancel

Figure 48 Dialog Box for Construction Stage Analysis Control Data

Perform Structural Analysis

All inputfor construction stage analysis of ILM bridge is finished, perform structural

analysis.

Analysis

Perform Analysis
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Review Analysis Result

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 CS9is reviewed.
€ If Axial, Bending
My and Bending Mz

are all selected, Stage>CSQ
stresses  at  each Results Tab > Bridge Girder Diagram
extreme - outer fiber Load Cases/Combinations>CS:Summation ; Step>Last Step
location can be
reviewed. Components>Combined (on) ; 2(+y, +2), 3(+Yy, -2) &
Bridge Girder Elem. Group>Bridge Girder &
@ In ILM wizard, Draw Allowable Stress Line (on)>Comp.(16000) ; Tens.( 3200)9

Structure Group, that
is required to review
section stresses, are
automatically

General Option > Current Stage/Step (on)

generated.
® sues For
sty
€ If “Draw Allowance e O
Stress Line” s Erkdg Grder Elen. Groug :
Envdgeairder
checked on, the e v
+5be oy @ Combined
allowable stressed for o
compression and Pl i
o
i ® 204,43
tension are plotted by S :
dashed lines on Lo 1 3 o
stressgraph. | oeeseseawee |[W @20 e
Ters, | (308 |
-Gemaration Option- .
® Curenit Fge-Rep
Stagesilast Step)
Al By 7| [ Sl ol el s el il e e e e s e e s o e

Stress Diagram:1

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 byselecting “Zoom Out All", clicking mouse rightbutton.

aste

T
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Figure 50 Stress Graph Magnification
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The “Min/Max’ stage produces the maximum and minimum values out of the analysis
resultsof all the construction stages. Min/Max Stage is used to review maximum and
minimum stresses during construction along the girder.

Stage>Min/Max

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

+5ta
CompiveckfaéManect)
P PR T
1era)

& 2{+y,+2)

) iy

Abren |4 3

an 137500000

Hlowable Stress Line

% Dram Allowabls Stress Lne.

Come. i 1569064 |y
Tens i BIBIE | gt

Figure 51 Maximum / Minimum Stress Graph
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Min/Max Stage is used to review maximum and minimum moments during

construction alongthe girder.

Stage>Min/Max
Results Tab > Bridge Girder Diagram
Load Cases/Combinations>CSmax:Summation, CSmin:Summation
Diagram Type>Force ; X-Axis Type>Node
Bridge Girder Elem. Group>Bridge Girder
Components>Myd

Briige Groer Siress Diagram
MinMax Stage, Usmax: Summarion ; My

Erkdge Geder Stress Diagram | ®

Load Cases/Conbinaions
Step lst

aximum Positive Moment

Luad Case/Combination
CSmax; Sunmaton

Ehagram Type
Sress ® Force

HotsType
Dstarce ® ode

nade.

Eridge Grder Elem. Group :

Erigedirder k3

Conganent
Fe

Minmax Stage, USmin: Summation / MV

M om e
Genenion Ogton

Figure 52 Maximum / Minimum Moment Graph
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=

The maximum and minimum moments diagram can be also displayed using
‘BeamDiagrams”.

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

Boundary Load  Anask  Reslts PSC Pushores
1=

£[8

Load Cases|Combinations

Bradpo

Fr Fz Fra
oMy e My

$9.8

Display Options

® 5Points
scal: [1oooo| | SekdAl

Type of Disglay

# Comtour Deform |
vahes L. [ llegend
arimate ... Undefoemed
e QuikVew |

BHE0068 08

Output Section Location

Figure 53 Maximum / Minimum Moment Diagram
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Moment history graph by stages at a specific point, for example, | end, element 67
and | end, element 25 at which maximum positive and negative moment occur,
respectively, can be displayed.

Stage>CS9

Results Tab > Stage/Step History Graph

Define Function>Beam Force/Stress Add Mew Function |
Beam Force/Stress>Name (67-Moment) ; ElementNo. (67) ; Force
Point>I-Node ; Components>Moment-y .

Define Function>Beam Force/Stress Add New Function |

Beam Force/Stress>Name (25-Moment) ; ElementNo. (25) ; Force
Point>l-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) _ Graph_|

PSC  Pushover  Desgn ool
& wnfu. Unes = | b TH Resuits ~ " Cahle Control Ej
A . Surfaces J ATEEETTEY Carber/Reaction 2= =
. w B Tert | Resdts
3 Mving Tracer ‘endon Loss Graph a OQuiput | Tahes ~
Feimaled | Twetewr | S | Ter | Taes |
- - = bl A R[] 5]

[ iEe——
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2500 — [~ -
15e0 —
s —
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“ser | ey
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E saam/Bement

& Mode shages ~

O Mdifuc O MukilCase

Step Opin
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Figure 54 Moment History Graph for elements 67 and 25
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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 &

¢ To review
deflections at nose Model View (Fig 55)
d b h, first -
end by grapn, Tir Results Tab > Stage/Step History Graph
Change construction X i . T
stage to the stage at Define Function>Displacement Add New Function |
which the nose is Displacement>Name (Nose) ; Node Number (1)

activated, and then

review the results. Components>DZ ‘J

Mode>Multi Func. ; Step Options>All Steps
X-Axis>Stage/Step

Check Functions To Plot>Nose (on)

Load Cases/Combinations>Summation
Graph Title (Displacement) __Giash_|

¢  After completion
of graph, the name of

graph or axis can be & v - ¥4 swessss - | Ben/Skment = L, Mods Shipes - s res - [ THRssuts - | %F Catde Gonrol © B @A
L Lo Deformations * §7 Disgram ~ b . surfaces = [ TH GrachiTen + | [~ Camber/Reaction = L)
changed by clicking

mouse right button
on graph.

o n | W Forces - £ HY Resuts © £ Moving Tracer ~ 15 Tendon Loss Gaph QE[W[ i
Combination | Resits Detadl | Mods shaps | Mg Losd Time Hstory Erido= | Test | Tebks |
- | | & - % - | | &6

‘Stage/Step Grach

Displacement

Mode
® Huki Furs. ok LCase

Step Option
© Al steps Last S
s
 Stage/Sep O Tinslday)

Check Furctiors Te Flot

7 momert
moment
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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
end, element25 at which maximum stresses occur can be reviewed by t

changes at |
able.

Tree Menu >Tables Tab > Results Table/Beam / Stress
Node or Element(25)
Loadcase/Combination>Summation(CS) (on)
Stage/Step>CS1:001(last) ~ Min/Max:min (on)

Part Number>Parti(on) .

s roL
n! feactios - 9% Stresses © | T BeamiElement - & Infiu. Unes = | [ TH Results ~ ¥ Cable Contrdl ~
L Deformatiors {5 Diagram * & nfu. Surfaces | [, TH GrahfText ™ | [ CamberfReaction *
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Figure 56 Stress Table at | 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 Tab>Tendon Time-Dependent Loss Graph
Loss Graph Tendon>BOT1-1 ; Stage>CS9 ; Step>LastStep

= Tendor Time:

Tendon:BOTO1-01 Stage: C51 Step:Last Step

1162.73

1112 73

1062.73

—
101273

96z 732

91z.722

Tendon Force (kN)

G6z. 722

&1z 732

Distance(m)

g Close

Figure 57 Tendon Force Loss Graph
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Reviewing Tendon Coordinates

In MID AS/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.

Tree Menu /Tables Tab / Result Tables / Tendon/ Tendon Coordinates

Tendon Mame Mo (:1) (:1) (:1)
0| 350000 (00000 0.0000
BOTO1-M 1| 00000 -16800| O0.2000
BOTOT-0 2| 0B250| -16800| 0.2000
BOTOT-M 3| 12500 -16800| 02000
BOTOT-0 4| 18750 | -16800| 0.2000
BOTOT-M 5| 28000 -Amaonl  nonmn
BOTOT-0 §| 31250 Copy Ctrl+C
BOTOT-M 7| 37500 Find... Ctri+F
BOTOT-M §| 43750
BOTOT-M 8| 5.0000
BOTOT-M 10| 56250
BOTO1-01 1| 62500
BOTOT-M 12| 68750
BOTO1-01 13 | 7.5000
BOTO1-M 14| 81250
BOTO1-01
BOTOT-M
BOTOT-0
BOTO1-01 B o
BOTOT-0
BOTOT-M
BOTOT-0
BOTO1-02
BOTO1-02
BOTO1-02
ROTO-N2
<[ » |\ Tendon Coordinat

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 Mame Stage Step Begin Endl Begin Endl Begin Endl
(m) (m) (m) (m) (m) (m)

001 (lazt) 0.0000 0.07595 0.0000 0.0001 0.0000 0.07595
BOTO1-02 C53 001 (lazt) 0.0000 0.2532 0.0000 0.0002 0.0000 0.2534
BOTO1-03 CS5 001 (lazt) 0.0000 0.2532 0.0000 0.0002 0.0000 0.2534
BOTO1-04 CS7 001 (lazt) 0.0000 0.2209 0.0000 0.0001 0.0000 0.2211
BOTO2-01 C52 001 (lazt) 0.0000 0.2209 0.0000 0.0002 0.0000 0.2211
BOTOZ2-02 C54 001 (lazt) 0.0000 0.2532 0.0000 0.0002 0.0000 0.2534
BOTO2-03 CS6 001 (lazt) 0.0000 0.2532 0.0000 0.0002 0.0000 0.2534
BOTO2-04 CS7 001 (lazt) 0.0000 0.07595 0.0000 0.0001 0.0000 0.07595
BOTO3-01 C51 001 (lazt) 0.0000 0.07595 0.0000 0.0001 0.0000 0.07595
BOTO3-02 C53 001 (lazt) 0.0000 0.2532 0.0000 0.0002 0.0000 0.2534
BOTO3-03 CS5 001 (lazt) 0.0000 0.2532 0.0000 0.0002 0.0000 0.2534
BOTO0S-04 CEY 001 (last) 0.0000 0.2208 0.0000 0.0001 0.0000 0.2211
BOTO4-01 C52 001 (lazt) 0.0000 0.2209 0.0000 0.0002 0.0000 0.2211
BOTO4-02 C54 001 (lazt) 0.0000 0.2532 0.0000 0.0002 0.0000 0.2534
BOTO4-03 CS6 001 (lazt) 0.0000 0.2532 0.0000 0.0002 0.0000 0.2534
BOTO4-04 CS7 001 (lazt) 0.0000 0.07595 0.0000 0.0001 0.0000 0.07595
BOTOS-01 C51 001 (lazt) 0.0000 0.07595 0.0000 0.0001 0.0000 0.07595
BOTOS-02 C53 001 (lazt) 0.0000 0.2532 0.0000 0.0002 0.0000 0.2534
BOTOS-03 CS5 001 (lazt) 0.0000 0.2532 0.0000 0.0002 0.0000 0.2534
BOTOS-04 CS7 001 (lazt) 0.0000 0.2209 0.0000 0.0001 0.0000 0.2211
BOTOE-01 C52 001 (lazt) 0.0000 0.2209 0.0000 0.0002 0.0000 0.2211
BOTOE-02 C54 001 (lazt) 0.0000 0.2532 0.0000 0.0002 0.0000 0.2534
BOTOE-03 CS6 001 (lazt) 0.0000 0.2532 0.0000 0.0002 0.0000 0.2534
BOTOE-04 CS7 001 (lazt) 0.0000 0.07595 0.0000 0.0001 0.0000 0.07595
BOTO7-01 C51 001 (last) 0.0000 0.07595 0.0000 0.0001 0.0000 0.07595

4« [ |\ Tendon Elongation / B3

Figure 59 Tendon Elongation and Girder Shortening Table
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€ Node Columns
can be shown or
hidden by clicking
Show/Hide Node
Columns in the text

menu.

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, inthetable in Spread Sheetformat.
The reactions at each construction stage for the summation load case are reviewed

are reviewed.

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

@ Reactions 9 stresses © | BeanyEement © L Mode Shapes © A . Lnes = | 12 TH Results © ¥ Cable Control * F:'l
()| i Dsfomatons ~ § Dagam - . e Infu, Surfaces K THGraphText - I Camber/Reacticn | LES
ot o 2 Forces - BHY Reas - < 3 Mo Tracer - o camber | Oulgut | Tables -
Comtinatn Rent | Dl ‘ode shape | o osd TFEREE| | General Carber Ted | Taber
- 1 #0115 5 ® I3 | ILM Reaction * | | Fmscton by Postion Data...
feaction by Postion Tatle(Goba).
Tatks Sugpertt 2 Supputy Suports ~
T8 uplacamenis ~ ame | s Losa ] o o ] I 3 3
w1 g s Node | gy |Modn| gap [ Mede| gag | Nede| gy Mode| gy | M| gey  Nele] gy [N
¥ o0 | Sumeion T T Om000| | Bowe |7 00000 T
CE1-1 | 001(Jac)| Surmaton I 3| ococooo| @ ooooosa| s 000w a.500000
€512 [0mir | Surmaton 5 000000 | G| 0000000 | 41| 0000000 | 0600000
Co1-2 [ Summaten, % [5000006 | |0 i | 0000640 00000
5
I 2 I
5| 0000000 | 66| oo0oon | 6| 0000000
Copy Ctrl+C 1| oooo00o | s oowomn |17 0000000
. 13| _ooooooo | foa | nooonoa 4000000 a.00000
Find.. Ctrl+F 15 oooocco | oz oooeoon| 21 oo aroocco

Sorting Dialog,,,
Style Dialog,..
Shaw Graph...

001 i)
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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 perfomed at PostCS Stage and it can be combined with the

construction stage analysisresults.

Stage>PostCS
Results Tab >Load Combination

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)

66

Load Combinations

General ] Steel Design | Concrete Desian | SRC Design |
Load Combination List Load Cases and Factors
No | Name | Active | Type | Description 2~ LoadCase l Factor
g Dead Active |Add Dead Load(C 1.3000
* Tendon Seco 1.0000
Creep Second 1.3000
Shrinkage Se 1.3000
*
v v
< > < >
Copy | Impor. Auto Generation... Spread Shest Fom Copylnto | [Stesl Desian -
File Name:  |C:\Documents and Setiings\DirectorsMy Documents\T.  Browse Make Load Combination Shest ] Close

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

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