Construction Stage Analysis of a Bridge
Using a Composite Section

This tutorial was structured in MIDAS/Civil Version 6.3.3.
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Construction Stage Analysis of a Bridge Using a Composite Section

Introduction

When a section is composed of more than two materials, consideration should be given
to the composite effect in the structural analysis. In addition, when the composite

section includes concrete, be sure to consider creep and drying shrinkage.
The composite bridge, as treated in this tutorial, consists of concrete slab and steel I-
shaped girder, which is modeled using the Composite Section wizard and the Construction

Stage method. The result verification process will be identified later.

Bridge type and span constitution to be used in this tutorial are as follows:

Bridge type: Three-span continuous I-girder composite bridge (PSC floor)
Bridge length: L = 45.0 + 55.0 + 45.0 = 145.0 m
Bridge width: B = 12.14 m

Bevel: 90°(perpendicular)
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Figure 1. Analytical Model




ADVANCED APPLICATION

MIDAS/Civil provides the Composite Section for Construction Stage command for
performing the construction stage analysis of a composite section. In this tutorial, the
structural analysis method covering both construction stage and composite section will

be discussed.

The procedure to perform construction stage analysis of a composite bridge is as follows:

1. Define material and section properties
Define Structure Groups, Boundary Groups and Load Groups

Define construction stages

Bl

Activate the Boundary Groups and Load Groups corresponding to each
construction stage

5. Activate the floor sections corresponding to each construction stage as per the
construction sequence for floor slab

6. Review the analysis results for each construction stage
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Cross Section

[Unit:  mm]
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Figure 2. Section View

The bridge model used in this tutorial is simplified so that every girder has identical

section and every cross beam also has identical section.

Materials
Member Section Remark
Girder AS3 Steel
Cross beam A36 Steel
Grade Concrete (Use a function of compressive strength of
Slab
C6000 concrete)
Loadings

»  Dead Load before composite action

- Self-weight of the steel girder: automatically converted to the Self Weight within

the program

- Self-weight of the concrete slab: entered into Beam Loads
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»  Dead Load after composite action

- Entered into Beam Loads



Construction Stage Analysis of a Bridge Using a Composite Section

Compose Construction Stages

»  Define Load Cases and Load Groups

€S2 cS3 | ¢S4
0.2L140.2L2=20m 0.2L2+0 .2L3=20m
py 4 & +
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T T
145m

Figure 3. Construction sequence for deck and each part of the deck section

Now that slab has an inflection point at 0.2L from the interior support, when casting new

concrete upon old concrete, make it happen at the inflection point where no stress

occurs.

Load Case Load Group Load Type Remark
DL (BC) 1 DL (BC) 1 Self Weight Self-weight of the girder
Self-weight of the slab corresponding
DL (BC)2 DL (BC)2 | Beam Loads
to 0.8 x L1 range
Self-weight of the slab corresponding
DL (BC) 3 DL (BC)3 | Beam Loads
to 0.2 x L1 + 0.8 x L2 range
Self-weight of the slab corresponding
DL (BC) 4 DL (BC)4 | Beam Loads
to 0.2 x L2 + L3 range
Additional dead loads (pavement,
DL (AC) DL (AC) Beam Loads
handrail, barrier)
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»  Define Boundary Groups

Boundary
Type of Boundary
Condition Remark
Conditions
Group
BGroup Supports Support condition
The ratio of the moment of inertia w. r. t. the
. Effective Width effective width to the moment of inertia w. r. t. the
E_Widthl
Scale Factor total width,
CS2 section (at the middle of the 1* span)
The ratio of the moment of inertia w. r. t. the
effective width to the moment of inertia w. r. t. the
. Effective Width .
E_Width2 total width,
Scale Factor ) o )
CS3 section (at the 1* interior support, at the middle
of the 2" span)
The ratio of the moment of inertia w. r. t. the
) ) effective width to the moment of inertia w. r. t. the
. Effective Width
E_Width3 total width,

Scale Factor

CS4 section (at the 2™ interior support, at the

middle of the 3" span)
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»  Define Construction Stages

Load Group
Const. | Structure | Boundary L.
(Activation) Duration Remark
Stage Group Group
Group Step
. Non-
DL (BC)1 | Firststep .
CS1 SGroup BGroup . 5 composite
DL (BC)2 | Firststep .
section
Composite
. 25 days oo
CS2 - E_Widthl | DL (BC) 3 30 action in
- (User step) .
CS2 section
Composite
. 25 days o
CS3 - E_Width2 | DL (BC) 4 30 action in
- (User step) .
CS3 section
Composite
Cs4 - E_Width3 | DL (AC) First step 10,000 action in

CS4 section

# SGroup represents a Structure Group including all members (girders, cross beams).

% One element group is enough since the geometry of the structure does not vary with

construction stages.

% Using the Composite Section for Construction Stage command, define a composite/noncomposite
section in accordance with the construction sequence for deck.

#* Assume that it takes 25 days to manufacture formwork and concrete slab obtains the initial
strength at 5 days. Accordingly, it would take 30 days to finish the construction.
% The self-weight of the slab to be entered into Element Beam Loads will be activated at 25 days
when formwork will have been completed.

® (S1

B Generate steel girders and cross beams along the length of the bridge.
B Use the Self Weight command to enter the self-weight of the girder and use

the Element Beam Loads command to enter the self-weight of the slab of
CS2 section (See Figure 4).

B (CS2 section acts compositely.

B Enter the effective width of CS2 section.

B Use the Element Beam Loads command to enter the self-weight of the slab
of CS3 section (See Figure 4).
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® (CS3
B (CS3 section acts compositely.
B Enter the effective width of CS3 section.
B Use the Element Beam Loads command to enter the self-weight of the slab
of CS4 section (See Figure 4).

B CS4 section acts compositely.
B Enter the effective width of CS4 section.
B Use the Element Beam Loads command to enter additional dead loads.

cS1
cs2
03
T iy < AdditonalLoad
il Ll Ll s eon:
cs4

Figure 4. Slab weight and additional dead loads loaded at each construction stage
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Set Working Condition and Enter Section/Material Properties

Open a new file (E New Project) to begin a plate girder bridge model and save the file
(E Save) as ‘I-Girder Composite Bridge’.

File / E New Project
File / E Save (I-Girder Composite Bridge)

Set Working Condition

Set the unit system to ‘kN’” and ‘m’ for this tutorial model.

Tools / Unit System
Length>m ; Force>kN J
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Figure 5. Initial View and Unit System dialog box
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Enter Material Properties

Material properties for the girders, cross beams and slabs can be defined using built-in

DB in MIDAS/Civil.

Model / Property / Material

Type>Steel ; Standard>ASTM(S)
DB>A53 4 ; DB>A36 .
Type>Concrete

DB>Grade C6000 .

;  Standard>ASTM(RC)

Matetie | Section | Thachaess

Steel

Steel
. Conerete

&

¥ Grac

[ielete

Lopy

Impart
Henumber

i 1 fuld
M(S)  AS3
) Ads =

Clasa

[~ General teel
Material Number = [T | | g Ty =
MName B DB ] =
Type [Seel  ~]
~Conerete ——————————————————
Standard [ -]
I
-~ Analysis Dat
Type of Material : & |sotropic ) Orihofropic
_Steel
Modulus of Elasticity ¢ [ 195952005 ki/m2
Poisson’s Ratio o3
Thermal Coefficient : lm 1471
Weight Density IW khl/m?
~Concrete
Modulug of Elasticity | 000002000 gy e
Paisson's Ratlo o
Thermal Coefficient : [(LO000e+000 1477]
Welght Density T ke
-~ Thermal Transfer
Speciic Heat I O
Heat Conduction [0 J/mhelT]
QK Cancel

Figure 6. Enter material properties
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Enter Section Properties

With the construction sequence considered, girders will have different section names
from construction stage to stage. For this particular tutorial, assume that all girder
sections are the same; in such case, girders will have identical section properties but
different section names (i.e., Sect 1, Sect 2, Sect 3 and Sect 4). To create the cross beams,

use User type section.

6.070 [Unit: mm]
400 °
2
o © L
Ny Np—o—
&
S 20 800
®© (=4
o
= & 120
400 S— —_—

Figure 7. Section layout

»  Section Table

Classification Section Remark
Girder H 3200x800x900x20x32/34 Composite Section
Cross Beam H 800x400x20x20/20 User type Section

11
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Model / Property / ﬂ Section
Composite tab
Section ID (1) ; Name (Sect1) ; Offset>Center-Center

Section Type>Steel-l ; Slab Width (12.14) ;

Girder>Num (2) ; CTC (6.15)

Slab>Bc (6.07) ; tc (0.25) ; Hh (0.028)

Girder>Hw (3.2) ; tw (0.02) ; B1 (0.8) ; tf1 (0.032) ; B2 (0.9) ; tf2 (0.034) .

Material >___Select Material from DB, |
Concrete Material>DB>ASTM(RC) ; Name>Grade C6000
Steel Material>DB>ASTM(S) ; Name>A53 .

SectionID (2) ; Name (Sect2)

Section ID (3) ; Name (Sect3)

Material Soction | Thickneas |

DB/User | Value | SRC I Combined |
10| Name [ Tyne [ Shape | Add... PSC | Tapered Composite

it 1 Cornpos

2 Sect2 Comnposie oy,
et Composhe Dalets
Copy
Imnant

Henumber

Y

Section 1D |1

Section Type ! [Stesl-| Rd|

Slab Width [TZ14  m
Girder : Num [2 = CTC[S1E  m
" —

Bc [6.07 M
e 0.2 m
Hh 0,028 m
~Girder
Hw [3.2 e [0,02

5333

@ You may skip
these fields if you are

using the Material

Composite  Section TECt Ml O D8 )
for Construction Offs et [Camar—Canter = £5 / ¢ [E56565 Ds /D [0
Stage.

Show Calculation Hesulls,‘,l 0K I Cancell Apply |

Figure 8. Section Data dialog box
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DB/User tab
Section ID (4) ; Name (CBeam) ; Offset>Center-Center
Section Shape>I-Section ; User
H(0.84) ; B1(0.4) ; tw(0.02) ; tf1(0.02)

13
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Enter Time Dependent Material Properties

Time dependent material properties will be defined so as to consider variations in
concrete strength led by variations in the modulus of elasticity of concrete, creep and
drying shrinkage developing with time.

Time dependent material properties are determined from the CEB-FIP Code. A slab
thickness of 25 cm will be used for computing Notational size of member.

> 28-day strength: 20000 kN/m?
Relative humidity: 70%
Notational size: 2xAc/u = (2x12.14x0.25) / (12.14+0.25) 2 = 0.245

Type of concrete: Normal-weight concrete

YV V V V

Time of the removal of forms: 3 days after concrete placing (the time of the

beginning of drying shrinkage)

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

§  Input the Name (Mat-1) ; Code>CEB-FIP
Notational size of

member calculated . L . .
for a slab section. Relative humidity of ambient environment (40 ~ 99) (70)

Notational size of member (0.245) @
Type of cement>Normal or rapid hardening cement (N, R)

Compressive strength of concrete at the age of 28 days (20000)

Age of concrete at the beginning of shrinkage (3)

Time Dependent Material {Creep/S! Add/Maodify Time Dependent Material (Creep / Shri

r\":llatmle I EE%EFIP [ Tupe [ [CoTEge Name : lMaH— Code : [CEB-FIP -
at- =
Modify
—I ~CEB
Delete
Compressive strength of concrete at the age of 2 days @ [20000 kh/m?
Relative Hurnidity of ambient enviranment (40 - 99) : 10 =%
Motational size of member 0,245 m
i h=2=ac /u (Ac : Section Area, u @ Perimeter in contact with atmosphere)
Llose

Type of cement
" Rapid hardening high strength cement (RS)
@ Mormal or rapid hardening cement (N, R)

“ ShC“gkm\g on the " Slowly hardening cement (SL)
L.
&I button Age of concrete at the beginning of shrinkage 3 _,:' day
will display creep and

shrinkage function in
g e HEELT K | Cancel | apply |

a graph. —

Figure 9. Define Time Dependent Material properties (Creep & Shrinkage) of concrete

14



Construction Stage Analysis of a Bridge Using a Composite Section

Placed concrete is hardened and gains strength with age. To consider this, a function of
compressive strength of concrete is given here by the CEB-FIP Code. The data entered
in the Time Dependent Material (Creep | Shrinkage) dialog box is adopted in the Time
Dependent Material (Comp. Strength) dialog box.

Model / Property / Time Dependent Material (Comp. Strength)
Name (Mat-1) ; Type>Code
Development of Strength>Code>CEB-FIP
Concrete Compressive Strength at 28 Days (S28) (20000)
Cement Type(a)>N, R:0.25 ; Fledraw Graph | A

Time Dependent

MName Scale Factar Graph Options
’7|Mat—l ’V|I.D ’7 [T x-axis log scale [~ Y-awis log scale

Type
’7 @ Code  User ‘ E20OD
20000 -

— Developrnent of Strength 15000 -

18000 -

Code ICEB—FIP - 14000 -

1zo000 -
5 = B2=expla=[1-{26/eq) "0 6])
Concrete Comprassive Strength

o000 -
s000 -

at 28 Days(328) sonn
IW ki Amz 4000 -
Cement Typeia) 2000 -
Im " -S 2I ‘Il 5' SI ' 1'2 ' 1‘5 ' ZID ' 2'4 ' 2'& '
Tine [day)
|; Hedraiw Graph | QK I Cancel |

Figure 10. Define a function of time variant Compressive Strength of concrete
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16

In MIDAS/Civil, time dependent material is defined separately from the conventional
material, and time dependent material properties can be assigned to a conventional

material selected.

In this tutorial, time dependent material properties will be assigned to the concrete slab

(Grade C6000).

Model / Property / E Time Dependent Material Link
Time Dependent Material Type>Creep/Shrinkage >Mat-1
Comp. Strength>Mat-1

Select Material for Assign>Materials>
3:Grade C6000 ﬂ Selected Materials Operation>w

Time: Dependent Material Link I

— Time Dependent Material Type —

Creep/ShrinkagelMat—l 'IJ
Comp. Strength |Mat—l ‘IJ

—Select Material to Assign

Selected
Materials

Materials

1:453
21436
3'Grade CHOO0

K

—Operation
add / Modify | Delste |

Mo [ Mat [ Creep.. [ Comp,..
3 Grad,,, Mat-1 Mat-1

4] | 2]
Cloge |

Figure 11. Assign Time Dependent Material properties to a conventional material
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Construct a Bridge Model

After defining the groups required for composing construction stages, construct a bridge

model for each construction stage. This tutorial explains a technique for assigning

construction stages when using Composite Section.

Define Groups

See the table below to define the groups (Structure Groups, Boundary Groups and Load

Groups) required for composing construction stages.

Load Group
Const. | Structure | Boundary L
(Activation) Duration Remark
Stage Group Group
Group Step
. Non-
DL (BC)1 | Firststep .
CS1 SGroup BGroup . 5 composite
DL (BC)2 | Firststep .
section
Composite
. 25 days o
CS2 - E_Widthl | DL (BC) 3 30 action in
- (User step) .
CS2 section
Composite
. 25 days oo
CS3 - E_Width2 | DL (BC) 4 30 action in
- (User step) .
CS3 section
Composite
Cs4 - E_Width3 | DL (AC) First step 10,000 action in

CS4 section

17
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Group tab
Group>Structure Group New...
Name (SGroup) Add
Group>Boundary Group New...
Name (BGroup) A
Name (E_Width) ; Suffix (1to3) sl

Group>Load Group New...
Name (DL(BC)) ; Suffix (1tod) Add
Name (DL(AC)) ; Suffix ( ) _ Add |

i, File E Hew Model Load Anslysis Besubs Desion Md Orery Tools Window Help TR
DEME|* | sz | @R driw | ey 3 (LB et U (MBS ALER |2
Filowe 21|/ 21 2k &K af0 @ BY 2%hae||rrarete | |wsa
| T - ] ] =i Modl Wiew |
Iﬁ:gm‘;“ B & ot
£ o 4
R S6rup T Nodes : Elemetz ) | | & | 48
I ke Boundary Grou = & € |
o Blioup =1
e =] =
s EWighZ |
i E_Wigh3 - M
S
4 DLECH : ;
4 DLECIZ =
& DLBCH b
i DLECH - &
4 DLIAC) LY
B ¥
o]
1R
0
a7
- :: e
&+ |
|
@
= =
w0
.i.
* =
a
o
B
b
b {121 T 3 T X A T el "
[For Help, peass F1 [ Mot EH 60 LA ) | e B . [ s il = =

Figure 12. Define groups
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Construct a Bridge Model
Generate Girders

Refer to Figure 13 to generate girders.

cs2 | cS3 | CS4
0.2L140.2L2=20m 0.2L2+0 .2L3=20m
4 + e +
0.8L1=36m [ [ 0.6L2=33m W [ 0.8[3=36m
O O O
L1 = 45n | Lo = 55m | Ls = 45n
T T
145m

Figure 13. Construction sequence for deck and each part of the deck section

In this tutorial, cross beams are to be placed at a spacing of 5m and slab concrete is to be
poured in accordance with the sequence as depicted in Figure 13. To consider the

effective width of girders, girder elements will be generated to have the following lengths.

CS2 Section: T@5 + 1 = 36m (Use Sect 1)
CS3 Section: 4+ 3@5 +1+ 3 + 6@5 = 53m (Use Sect 2)
CS4 Section: 1+3@5+4+1+7@5 = 56m (Use Sect 3)

19
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E Top View , 2. Node Snap (on), ﬂ Element Snap (on), Auto Fitting (on)
Model / Nodes / ﬂ Create Nodes

Coordinates (0, 0, 0)

Copy>Number of Times (1) ; Distance (0, 6.15,0)

Model / Elements / ﬂ Extrude Elements
@ Select All
Extrude Type>Node->Line Element
Element Attribute>Element Type>Beam
Material>1:A53 ; Section>1: Sect1
Generation Type>Translate
Translation>Unequal Distance
Axis>x ; Distance (7T@5,1,4,3@5,1,4,5@5,4,1,3@5,4,1,7@5)

Close |

&Eil Hewml ad Enilysis Basu [Desian M Dwery Tools Window Help LIET |
DE@|x | o |Shw g | ww 3y 4Bk Apd L NFsAL0R |m 2
Filowe  =1|[| 21 2k I8 LEK a0 BEY 2hae||rravrd|? | (2aa

Modl Wiew |

Start Nods Numser : B .|
Start Eleenent Number 1 BT |

Extrude Type
Node -» Line Element -

-

Source (L
I Feverse 1
Elumant Avitune
Elemant Typo: [Gearm |
Materisl |
T[T a5 =] |
Sectien ©
Bata Angle = [T =| [Deal

HRDAHEIRULSLER

-

Genoration Type

= Teanalste © FAntsts © Peoject
Tranaiation

 Equal Distance

& Unegual Distance

oz % g 20 Arbivang

Distances = [T3F0LTTEG m
(Examgle : 5345 360}

42 P P F@O0FF N ==+t DOopHFD

HEFEHEDHE| SR e =T e e

—
Marging Tolarance
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=] alallele A 7 [ETE] L]
‘or Halp, prass Fi [Frame %9 ETIZ5 00 TS0 ey v S el o= |

Figure 14. Generate girders
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@  The distance
between the nodes
consecutively
queried can be
easily checked with
Query Nodes (Figure
15 @).

To assign the girder elements of CS3 to Sect 2, and the girder elements of CS4 to Sect 3,

use the Drag & Drop feature.

Works tab

Select Window (Elements: all girders in CS3 section; that is, 17to40)

Properties>Section>Sect 2

(Drag & Drop )

Select Window (Elements: all girders in CS4 section; that is, 41t066)

Properties>Section>Sect 3

(Drag & Drop )

|G Efe Edit Yiew Model Load fnalysis Besuhs Desion Mgde Query Tools Window Felp =121 =)
|DFE > |22 @R Gl ®el BN A0S A)E L KFSALPE 2
|Filgwe =] || #1] = 4 @ tEE 2506 BY 2% 30 |»rup P | |Meae
Mavns | Tabins | G ks =i i
= ;.kc 2
p— " | Node | Eremmon
»* Nodes <68 afs o :% ®
5 Elamarts : 6 a\.» e =
%5 Boam : 6 B3\ || Mot number —
H Properies
=1 =] Materlal : 3 - =
@188 - |
G 2:am &%
T] 3 Grade CHI00 P
e o mmencess || # 21| CS2 section: Sect 1
[21 Mt [ Code=CER-FIP ] x
[ Time Dependent MutesiaHCome. S| [ # | 1% 36m
8 Mat-1 [ CodesCEB-FIP ] Ik -~
T Time Dependent Matesial Link @ f’—H
@ 3] Matelirade CHI ]
5 X Section : 4 L X
I 1 :5eet B_,\“”..‘“..““”..‘u..“-“
I 2:5e2 . (. A J
I 3:Sect3 Drag ® f R g
o ‘: & D CS3 section: Sect 2 CS4 section: Sect 3
T ro
&[0 P 53m 56m
S
B
T Hd
@
4
+ @
a -
m
@
1§ =
| * ¥ GIEIETED,  f Ansiysis vessags [ I} |
or Halp, press FI Hode-# (60 0,0 G- B 0 0 [ =llm =l 4 @non=l T MM 7 =

Figure 15. Different Section Names assigned to each part of the section
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Generate Cross Beams

Generate cross beams as below.

ﬂ Node Number (on)

Model / Elements / m Create Elements
Element Type>General beam/Tapered beam
Material>2:A36 ; Section>4:CBeam; Beta Angle (0)
Nodal Connectivity (1,2)"

Model / Elements / ﬂ Translate Elements
Gi Select Recent Entities
Mode>Copy ; Translation>Equal Distance
dx, dy,dz (5,0, 0 ) ; Number of Times (145/5)

G Bile Edt Mew Model Load gnabysis fesubs Design Mode Query Tools Wiedow Help 2lol x|
DEE|* 2 SRw i | w3 (40 S A0 D LE (KPS LTR 2
Filewe || 2] Bk & LEE @06 BY 2% A48 (rrorep |2ga
o Dt [pcuncery | wass | Lowa | D.h" Model View |
Transiaee Elnmeres o | |
Stan Node Numbe [ .| B
Start Eveenant Mumber : {7 .| Qg
Mode as
& Copy  © Mowe -
T M
r.mﬁ&\..amm [ﬁ : F's
’ M
= Equal Distance b
PR o N — =&
MNurnbss of Timas : [3552] % .
I~ Unequal Distance 7
" r ~ .&& |£4ﬁﬂ|l|1?14m?ﬂ???-t?)ﬂ]?.\ixJﬂmmlﬁlkﬁﬂﬂﬁﬂmﬁ?ﬂrﬁﬁk
- (
e H'a’ “ii 143 0] 1 7 hs ar o 7 59 p1 B3
— L] f
TR @ ¥
¥ & 2
Frr—————
'p ‘al
Misrisl e, [T A Rep, £
Sectenine, ([T =1 Fep, o U
Thickness Inc. : [T =1~ Rep, o f
T Olata Fram ¥ k4
Wetersect [~ Node [ Elm .. | &
™ Copy Node Amrbanes -
I Copy Elemérs Aibutes .- | @ g
Msting Tolrance +
dooly | Gleww * g
@
L]
bid
T[RRI ¢ A 7 ] E
‘or Halp, pewss F1 [ Frame-3 W 725.0.0 R e e R s 1 il o |

Figure 16. Generate cross beams
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Input Boundary Conditions

Input Support Conditions

Since all boundary conditions of the structure are simultaneously activated at CSl1,

designate BGroup as a boundary group in which all boundary conditions of the bridge

will be included.

Model / Boundary / Supports

Boundary Group Name>BGroup
g Select Single (Node: 21)

Options>Add

; Support Types>D-ALL (on)

% Select Single (Nodes: 1, 47, 67)

Options>Add

; Support Types>Dy, Dz (on)

g Select Single (Nodes: 2, 48, 68)

Options>Add

; Support Types>Dz (on)

g Select Single (Nodes: 22)

Options>Add

; Support Types>Dx, Dz (on)
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Figure 17. Enter boundary conditions
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Input Effective Width

Enter the Scale Factors to be applied to the moment of inertia of girder sections to
account for effective width. In MIDAS/Civil, the specified Effective Width Scale Factor

will be used for calculating member stresses.

If you want to calculate stresses in a section to account for effective flange width, use the

Effective Width Scale Factor command with the ratio of Iyy of the effective section to Iyy

of the gross section, entered in the Scale Factor for Iy field.

. Moment of inertia Iyy Scale Factor
Classificati Effective 0 P for I
assification or
width - by ¥
(Full width) | (Effective width) | Tyy_2/Tyy_1
At the middle of the
. 5.653 0.4696905 0.4628585 0.985
side span
At support 5.117 0.4696905 0.4530761 0.965
At the middle of the
5.839 0.4696905 0.4659784 0.992
center span

g Display
Boundary>All ; Support(on)

ﬂ Node Number (off), ﬂ Element Number (on)

Model / Boundary / Effective Width Scale Factor
Boundary Group Name >E_Width1
% Select Single (Elements: 1~16)
Scale Factor Iy (0.985)

Boundary Group Name>E_Width2
g Select Single (Elements: 17~26)
Scale Factor Iy ( 0.965)

g Select Single (Elements: 27~40)
Scale Factor Iy ( 0.992)



Construction Stage Analysis of a Bridge Using a Composite Section

Boundary Group Name>E_Width3
g Select Single (Elements: 41~50)
Scale Factor Iy (0.965)

g Select Single (Elements: 51~66)
Scale Factor Iy (0.985)
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Figure 18. Enter a Scale Factor to be applied to the moment of inertia of a section to

account for effective width
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Input Loading Data

For this tutorial apply the pre- and post-composite loads by Element Beam Loads. Refer

to the table below to apply the loads to each construction stage.

Right girder Left girder
Classification Vertical Torsional Vertical Torsional
load (FZ) moment load (FZ) moment
Pre-composite load, DL
-38.96 -1.49 -38.96 1.49
(BO)
Post-composite load, DL
-18.69 19.69 -18.69 -19.69
(AC)

To define the loads to be applied to each construction stage, select Construction Stage
Load for the Load Type.

First you must define Static Load Cases.

Load / Static Load Cases
Name (DL(BC)1); Type>Construction Stage Load (CS) ___ 298 |
Name ( DL(BC)2); Type>Construction Stage Load (CS) &l
Name (DL(BC)3); Type>Construction Stage Load (CS) ___ 299 |
Name (DL(BC)4); Type>Construction Stage Load (CS) ___ 299 |
Name ( DL(AC)); Type>Construction Stage Load (CS) 299 |

Name : [PLEA Add
Type  [Construction Stage Load (C5} = Modify
Description : | _ Delete |
No | Name Type Description -
DL(BC) Construction Stage Load (

1

2|DL(BC)2 Construction Stage Load (
3[DLBC)3 Construction Stage Load (
4{DL(BC)4 Construction Stage Load (
5{DL{ACY Construction Stage Load (

L1l

Close

Figure 19. Define Static Load Cases
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Assign Dead Loads for the Pre-Composite Section

Use the Element Beam Loads command to apply a uniform load to the beam elements.
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Lo Case Hame | | e = |
e — altll e —————
Load Growp Name 8 =] e I —
[oecz = .. Lo
C:&;m» —I : mn Soloet Type :
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Figure 20. Apply pre-composite loads to the slab of the CS2 section

g Iso View, ﬂ Element Number (off)

Load / Self Weight
Load Case Name> DL(BC)1 ; Load Group Name>DL(BC)1
Self Weight Factor>Z (-1) ; Operation>Add

Load / Element Beam Loads
@ Select Identity-Elements
Select Type>Section ; 1:Sect1 g8 |
Load Case Name> DL(BC)2 ; Load Group Name>DL(BC)2
Load Type>Uniform Loads
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Direction>Global Z; Projection>No ; Value>Relative
x1(0) ; x2(1) ; w(-38.96)

@ Select Polygon
(Elements: 2to16by2, 1t part of the composite section on the left
girder)
Load Type>Uniform Moments/Torsions
Direction>Global X; Projection>No ; Value>Relative
x1(0) ; x2(1) ; w(149) d

E Select Polygon

(Elements: 1to15by2, 1%t part of the composite section on the right
girder)
x1(0) ; x2(1) ; w(-1.49) d

Similarly, apply pre-composite load DL (BC) 3 to CS3 section and pre-composite load
DL (BC) 4 to CS4 section.

iidge]

File Edt Mew Model Load fnabysis Design Mode Query Tools Windew Help
——| Model View | Modsl view : 1]
| [—
(=]
@
= C83 section
(]
-
-
t
+
-
£
L]
B
& ||--
&
*
o
% CS4 section
]
&
o
&
[Far Halp, press F1 Node£0 [ 125 G150 G: 125 RIS 0 [t =llm =1 Ll@lmon=llz o0 =/ 7 =

Figure 21. Slab loads of CS3 and CS4 sections
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Assign Dead Loads for the Post-Composite Section

Use the Element Beam Loads command to apply a uniform load to the beam elements.

Load / Element Beam Loads
@ Select Identity-Elements

Select Type>Section ; 1:Sect 1, 1:Sect 2, 1:Sect 3 _ndd |

Load Case Name> DL(AC) ;
Load Type>Uniform Loads

Direction>Global Z ;
x1(0) ; x2(1) ;

Projection>No ;
w(-18.69) J

E Select Polygon (Elements: 2to62by2, left girders)
Load Type>Uniform Moments/Torsions
Direction>Global X; Projection>No ;
x1(0) ; x2(1) ; w(-19.69) J

E Select Polygon (Elements: 1t061by2, right girders)
x1(0) ; x2(1) ; w(19.69) d

Load Group Name>DL(AC)

Value >Relative

Value >Relative

@ File Edit View Model Losd Analysis Besuls Desion Mode Ouery Tools Window Help
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I I i o Modal Wisw |
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Lead Casa Nama | e | | e |
e — P e
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] S N e — |
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Close
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Figure 22. Enter additional dead loads
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Define Construction

Stages

Define an Element Group

Assign the desired nodes and elements to the Element Group, which will be dedicated to

Construction Stages analysis later.

Group tab
B Select all

Group>Structure Group>SGroup

(Drag & Drop )

|Gl Edit Wiew Model Load Analysic Besuhs Design Mgde Quory Tooks Window Helo LIRS
DF@ > |20 [@RW | (HRie | ®e 3% L0740 Lie| NFSAL0F |2
|Filoae =]/ 2] =& &% EE AF00 BY 2% ad | |rrerd 2|2 a
g Mndnl\dnu|
% ] Jé
CYES
& B =
Icewa Drag ||® @
o E-Widih2 - "
b E-¥idth3 J
1 Load Group 5 s Drop
4 DLIEC)! M
4 DLIBCIZ :
- DLIBC) ={E 8
£ DLBCH -
4 DLEAD) -
® |
B
B ;'
@ ¢
A3
F|a
.
G| gy
B
£
)
..:.
+ @
o] =
m
L]
i1 =
4 ' X [SIEIELR, 73 7 [T 2]
or Halp, press F1 Honal EZE 00 GZE 00 fi—=1lm =1 & @hon =1z WS/ 7 =
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Figure 23. Assign the desired elements to the Structure Group
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Compose Construction Stages

Refer to the following table to define each construction stage.

Load Group
Const. Element | Boundary L.
(Activation) Duration Remark
Stage Group Group
Group Step
. Non-
DL (BC)1 | Firststep .
CS1 SGroup BGroup . 5 composite
DL (BC)2 | Firststep .
section
Composite
. 25 days o
CS2 - E_Width1 | DL (BC) 3 30 action in
- (User step) .
CS2 section
Composite
. 25 days oo
CS3 - E_Width2 | DL (BC) 4 30 action in
- (User step) .
CS3 section
Composite
Cs4 - E_Width3 | DL (AC) First step 10,000 action in

CS4 section
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Click the Generate button to generate every construction stage at once, and then modify

the data for the stage selected.

Load>Construction Stage Analysis Data> E Define Construction Stage

Generate I

Stage>Name (CS) ; Suffix(1to4) ; Duration(30)
Addition Steps>Day (25) e
Save Result>Stage (on), Additional Steps (on)

Constructio

Marne [ Duration [ Date [ Step [ Result | Add ~Stage
S 2 3 | B e —
tage... &
&5 W a0 Stage. ame
Cs4 kil 120 Stage,.. Suffix [Ttod
) Duration J30 = dayis)
T — &dditional Steps
Delete
Day : |25— Add Delete |

Close { Example: 1,3, 7. 14 ) m ﬂl

Auto Generation 1 5
Step Mumber [0 =
Generate Steps |

’rSave Result

Mudity

¥ Stage v

0K | Cancell Applyl

Figure 24. Generate construction stages by the Generate command
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Click the Generate button to generate every construction stage at once, and then modify
the data for the stage selected. Select CS1 and modify the data for the stage.

Name>CS1 MI
Addition Steps>Day (25) Delete | . Duration (5)
Element tab

Group List>SGroup
Activation>Age (0); Group List 434 |
§  When “First” day Boundary tab
is selected in the .
Active Day selection Group List>BGroup
list, the selected Activation>Support/Spring Position>Deformed
load groups will be . Add
activated from the Group List
first day of the time Load tab
span  for  each Group List>DL(BC)1, DL(BC)2
construction  stage L. . ) . [«
(Duration). Activation>Active Day>First ; Group List il |
Stage = Additional Steps
Name ST Day: [0 %l _Doleto |
Duaion 3 daytey || ¢ Eamplei L1114 ) M
Save Resull B LDELIN
= Stage = Additional Stops Step Number ([T =
Cuarrent Stage Sonveos Syt |
Element | Boundary | Lowd | E|m|nw"
Group List .. | [ Aetivation Deactvaton Group List .. | recuvabon Desctivation
Eleement Force L1 B
fge [T = deyis) | Pediswibuton: M0 |04 ; Active Day : [First =] dovis) | |inactive Day ¢ [Frst =] duyts)
Group List Group List Hroup List Group List
Narme [Age | Rame [ Redist | Hama Thay |
SEroup a
Elemel oad |
L] Moty | 1 Modity | Delete add | Mosty | Delete |
Group List . | [Actival Deactivati =
rwm—r_wt.l}ut = _I Support / Spring Position
EZW}Q{R%  Original & Deformed Cancel Apply I
Group List Group List e
Narne [ Position [ Narne [
EGroup Deformed

)| Modify | Delete Add Delete

Figure 25. Modify the data for the stage
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Select CS2 and modify the data for the stage.

Name>CS2 —|M°EI iy AEtoes
Boundary tab
Group List>E_Width1
Activation>Support/Spring Position >Deformed

Group List e
Load tab
Group List>DL(BC)3

Activation>Active Day>25 ; Group List __#9d | @

Elernfigt Boundary | had |

Group List _I -~ Activation -~ Deactivati
[BGroup Support / Spring Position
Eimﬁmg ¢ Orlginal & Deformed
Element | Bourkg
Group List Group List - -
Name Position Name Group List__. | -Aetivaton Lecisy
E-tidth1 Deformed CIDE " -
oLl Active Day * [First =] dawts) | |wmactive Day ¢ [Frst =] dayts)
DLiACH

Group List fGroup List
I Hama [[Gay |

Madity | Delete Add

Add | Modiy | Delete | Add | Moty | Delets |

Figure 26. Modify the data for the stage CS2

Refer to the Figure 27 to modify the data for the stage CS3.

Elemfpt Boundary | Dhad |

Group List _I -~ Activation -~ Deactivati
EGroup Support / Spring Position
Eimgmé ¢ Orlginal & Deformed
Group List Group List
Name Position Narne Element | B ry Load |
E-tidth2 Def d
' slerme Group List .. | - Activation Desctivation
[DCTECTT
%&}%E;% Active Doy [& =]davts) | |wmactive Day : [Frst =] dayts)
DLIACY
Group List fGroup List

I Hama [[Gay |

Modify | Delete Add 1

(LA Moy | vetets Add | Moty | Delets |

Figure 27. Modify the data for the stage CS3
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In the CS4 stage, enter “10,000” days into the Duration field so that the long-term
behavior of the structure can be observed, and change the data of load groups to activate

the additional dead load.

Name>CS4 _Modifu/Shaw |
Addition Steps>Day (25) 2288 | . Dyration (10000)
Boundary tab
Group List>E_Width3
Activation>Support/Spring Position>Deformed

Group List il
Load tab
Group List>DL(AC)

Activation>Active Day>First ; Group List &I A @

Mame | Duration | Date [ Step [ Result

C51 3 3 0 Stage,,

g2 i 35 ! Stage,, ~Stage Additional Steps

C33 30 E5 1 Stage,,

C54 10000 10065 i] Stage,, Narme [C Bew 1 IU— ﬂdt?l | Delete
Duration ( [10003 “Diaytey | | ¢ Evample 1.3,7.14 3 Modity | _Clear |

_Save Result Auto Generation

¥ Stage ¥ additional Steps Step Mumber [T =

Generate Steps |

Current Stage Information. ., |

Elernent | Boundary Load |

Group List _| Activation———————— ~Deactivation
Active Day ¢« |First  x|day(s) | |Inactive Day : [First +] day(s)
Group List Group List
[ Mame [ Day [ Mame