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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 structuralanalysis. 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)

PE I CIE: D% R

w5

Figure 1. Analytical Model



ADVANCED APPLICATION

MIDAS/Civil provides the Composite Section for Construction Stage command for
performing the construction stage analysis ofa composite section. In this tutorial, the
structuralanalysis 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:

. Define material and section properties

. Define Structure Groups, Boundary Groups and Load Groups

. Define construction stages

. 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
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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 A53 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
» Dead Load after composite action

- Entered into Beam Loads



ADVANCED APPLICATION

Compose Construction Stages

»  Define Load Cases and Load Groups

cs2 \ Ccs3 \ Ccs4
| |
0.2L1+0.2L2=20m 0.2L2+0.2Ls=20m
0.8L1=36m T T 0.6L2=33m T T 0.8=36 m
O O
L1=45m J L2 =55m l La =45m
T T
145m

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

Now thatslab has an inflection point at 0.2L from the interior support, when casting
new concrete upon old concrete, make it happen at the inflection pointwhere no stress

occurs.
Load
Load Case Load Type Remark
Group
DL (BC) 1 DL (BC) 1 | Self Weight Self-weight of the girder

Self-weight of the slab
DL (BC) 2 DL (BC) 2 | Beam Loads
corresponding to 0.8 x L1 range

Self-weight of the slab
DL (BC) 3 DL (BC) 3 | Beam Loads corresponding to 0.2 x L1 + 0.8 x
L2 range

Self-weight of the slab
DL (BC) 4 DL (BC) 4 | Beam Loads corresponding 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
E Widthy | Effective Width effective width to the moment of inertia w. r. t. the
- Scale Factor ) total width, .
CS2 section (at the middle of the 1° span)
ﬁThe rathdo;the Lnoment of migrua w. I. t. the i
: . effective width to the moment of inertia w. r. t. the
E Width2 | Effective Width _ total width, _
CS3 section (at the 1% interjor support, at the middle
of the 2" spang
f_fTh_e ratiqdo;the rrpoment of infe_rtia w. I. t. the ]
: . effective width to the moment of inertia w. r. t. the
E Width3 | Effective Width _ total width, _
CS4 section (at the 2" interior support, at the middle
of the 3" span)

» Define Construction Stages

Load Group
Const. | Structure | Boundary L
S (Activation) Duration Remark
tage Group Group
Group Step
Cs1 SGroup BGroup DL EBCﬁ 1| Firststep 5 comp?géite
DL (BC) 2 | First step section
. Composite
cs2 . WA DL B0) 3 | (Ser ey | 0 action In
P CS2 section
. Composite
cs3 : E Width | pL gy 4 | (2,028 30 action in
(User step) CS3 section
: Composite
Cs4 - E—Vg'dth DL (AC) First step 10,000 action in
CS4 section




ADVANCED APPLICATION

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.

Assumethatit takes 25 days to manufacture formwork and concrete slab obtains the
initial strength at5 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.

Cs1

Generate steel girders and cross beams along the length of the bridge.

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).

CS2

CS2 section acts compositely.

Enter the effective width of CS2 section.

Use the Element Beam Loads command to enter the self-weight of the slab
of CS3 section (See Figure 4).

CS3

CS3 section acts compositely.

Enter the effective width of CS3 section.

Use the Element Beam Loads command to enter the self-weight of the slab
of CS4 section (See Figure 4).

CS4

CS4 section acts compositely.
Enter the effective width of CS4 section.
Use the Element Beam Loads command to enter additional dead loads.
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CS1

CS2

CS3

CS4

<— Additional Load

<= Slab Weight

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

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

rC,g > |E New Project
fC;q > H save (I-Girder Composite Bridge)

SetWorking Condition

Set the unit systemto ‘kN’ and ‘m’ for this tutorial model.

Tools / Unit System
Length>m ; Force>kN > OK
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dikog barxes. Vohues are NOT chenged wieh
=
‘Set/Change Defauk Uit System
oK Hpely

4 Mol View/

[ 4] ]\ command Message _Andiysks wessae [ I
Hode-1 U 140, 6.15,0 G: 140, 6.15,0

Tree Menu [RESREEEE

For Help, press FL

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.

Properties Tab / Material Properties >Add

Type>Steel ; Standard>ASTM(S)
DB>A53>Apply ; DB>A36 > Apply
Type>Concrete ; Standard>ASTM(RC)
DB>Grade C6000>0K

General
1 hame As3
Steel
Standard | ASTM(S) Iz
Material Section | Thickness . o )
I Name Type Standard [\ Concrete:
1 as3 Steel ASTH(S) A53 - Standard Iz
2 A3 Steel ASTH(S) A6 Modify... R ——— s =
3 GradeCe000 Conaste  ASTMIRC)  drady e A i
L. © Isatropic 0B [
Co
S Steel
Import Madulus of Elasticity : 1.8505e+008 | kyjmz
Renunber Paissonis Ratia 0.3
Thermal Coefficient 1.1700e-005 | 1/1c]
weight Density 77.09 | kayjme
Uise Mass Density: o | kijmzfa
Concrete
Madulus of Elasticky : 0.0000=-+000 | gy
£ Z Poisson's Ratio [
Thermal Coefficent | 0.0000e+000 | 17c]
Close:
weight Density | ayjme
O | aijmeg
Plastickty Data
Plastic Material Name | NIOKE B2
Thermal Transfer
Speific Heat B 0 k]
Heat Conduction ° Jjmehre[2]
Damping Ratia 0.0z
ok Cancel Apply

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 - ‘
g, 2 B
o 20 &
o a 20
o ™ —
400 S 1
900
Figure 7. Section layout
»  Section Table
Classification Section Remark
Girder H 3200x 800x900x 20x 32/34 Composite Section
Cross Beam H 800x400x 20x 20/20 User type Section
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Properties Tab > Section>Add

Composite tab

Section ID (1); Name (Sect 1); 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); Bl(O 8); tf1(0.032); B2(0.9); tf2 (0.034)
Mater|a|> Select Material frarn DB |,

Concrete MaterlaI>DB>ASTM(RC) ; Name>Grade C6000, Ds/Dc=0

Steel Material>DB>ASTM(S) ; Name>Ab53; Offset>Center-Center > Apply
Section ID (2) ; Name (Sect 2)>Apply

Section ID (3) ; Name (Sect 3)>Apply

& Properties. X % Section Data
Matztizl Section Thickness
DB/User Composite
D Name Type shape | Aadd,
e [T ;
2 Sectz Compo... CP1 Hodiy., sectionID | T Name Sect 1
3 Sect3 e e QP
4 Cooom e i
Copy. Section Type : Steel-1
imeart Slab width 1z.14 m
i Grderm |2 cc (85 |m
Slab
EBc 6.07 m
tc 0.25 m
Hh 0.028 m
airder
Close Hw 3.2 bw 0.02 m
B |08 B2 |09 m
s [0 Bz [0 m
tF1 0.032 2 0.034 m
Moo S ome [0 S
Hrl o Hz |0
trl o wz |0 m
Material
Select Material from DB ...
. A . Es[Ec 6.49765|  DsfDc
Ds/Dc is the ratio of the unit wt. Steel and Fs 03 0.z
i i [0 s of Elasticity
concrete. Its value is assigned zero because we Fefec (Long Term)
Es{Ec (Shrinkags)
treat slab wt. as beamload as opposed to selfwt. | _——"0ffset: center-center
Changs Offset ... + Consider Shear Deformation.
Show Calculation Results, .. 0K Cancel

Figure 8. Section Data dialog box

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) >OK

11
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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

Y V V V

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

the beginning of drying shrinkage)

Properties Tab / Time Dependent Material / [Z8 Creep & Shrinkage
§  Input the Notational Add>Name (Mat-1) ; Code>CEB-FIP
size of  member Compressive strength of concrete at the age of 28 days (20000)

calculated for a slab Relative humidity of ambient environment (40 ~ 99) (70)
section. Notational size of member (0.245) &

Type of cement>Normal or rapid hardening cement (N, R)

Age of concrete at the beginning of shrinkage (3)
Show Results>Close>OK>Close

2 Time Deaendent Material Ecreeﬁiﬁhrinkaﬁea x & ndd‘Mudifz Time: DeHendent Material SEreeH : Ehrinkagea b4
. [ 8 +
Mame Code Type ﬂdd Mame : Aat-1 Code : CEB-FIP{1990) =
Mat-1 CEB-FIP{1990, -
at (. )] Modiy CEE-FIP(1990)
Characteristic compressive strength of concrete 20000 Kjmz
Delete ak the age of 26 days (Fok) :
Relative Humidity of ambient environment (40 - 93) 0 %
Copy
Notational size of member ; 0.245 m
h=2%Ac|u (A : Section Ares, u : Perimeter in contact with stmosphere)
Type of cement
Rapid hardening high strength cement (RS)
Close
© Hormal or rapid hardering cement (N, R)
L. Slowly hardening cement (5L)
“ C“Ckmg on the Age of concrete at the beginning of shrinkage : 3 day
Show Result,,, button
will display creep and OK Cancel | Apply
shrinkage function in a
graph.

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

12
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Placed concrete is hardened and gains strength with age. To considerthis, 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

Properties Tab > Time Dependent Material > Comp. Strength
Add>Name (Mat-1); Type>Code

Development of Strength>Code>CEB-FIP

Concrete Compressive Strength at 28 Days (S28)  (20000)

Cement Type(@)>N, R: 0.25 ; Redraw Graph | > 0K > Close .

flak-1 Code
Modify

Delete

2 Add/Modify Time Dependent Material {Comp.

Mame Graph Options
- ’7 at-1 ¥-axis log scale Y-axis log scale
Tvpe
’7 © Code © User ‘ 2zo00
20000 —"
—
r~ Development of Strength 18000 ]
| et
Code : ‘CEE-FIP " ] 16000 v
1
1(t)={tok +Af)xe:(p[sx[}-(2 Bltes)” SD L4008 L
Mean compressive Strengen or concrece Lzo00
at the age of 28 days {fck+delta_f) Loooe
e
EO0D {
Zement Typels) I
wros ) oo |
M, R:0.25 v
. 2000
o
0oz 4 & @ 1z 16 20 24 2
Tine (day)
Redraw Graph | ok Cancel

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

13
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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).

Properties Tab > Time Dependent Material > % Material Link

Time Dependent Material Type>Creep/Shrinkage>Mat-1

Comp. Strength>Mat-1

Select Material to Assign>Materials>

3:Grade C6000 ] Selected Materials: Operation> _ #dd / Modity | >Close

Tirme Dependent Material Link -

Time Dependent Material Tvpe
Creep/shrinkage Iat-1 -
Comp. Strength Iat-1 b
Seleck Material ko Assign
) Selected
Material
SLenals Matetials
1:A53
21836
FiGrade CE000
=
<
Opetation
Add |/ Modify Delete
Mo Mak Creep/shr  Comp, Str
3 Grade... Mat-1 Mat-1
< >
Close

Figure 11. Assign Time Dependent Material propertiesto 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.

L
Const. | Structure | Boundary (:i?i\strizﬁ;) )
Stage Group Group Duration Remark
Group Step
DL (BC
1( ) First step Non-
1 B 5 it
CS SGroup Group DL (BC) | First step comp(_JS| e
section
2
DL (BC 2% d Composite
CSs2 - E_Width1 (BC) ays 30 action in
- 3 (User step) .
CS2 section
Composite
. DL (BC) 25 days -p .I
CS3 - E Width2 4 (User step) 30 action in
P CS3 section
Composite
Cs4 - E Width3 | DL (AC) | First step 10,000 action in
CS4 section

15



ADVANCED APPLICATION

Group tab (of left side Tree Menu)

16

Group>Structure Group (Right Click here) > New...
Name (SGroup) #dd | >Close

Group>Boundary Group New...
Name (BGroup) _ Add |
Name (E_Width); Suffix (1to3) __Add | >Close

Group>Load Group New...
Name (DL(BC)); Suffix(1to4) Add
Name (DL(AC)); Add | >Close

= & Bounday Growp- 4
A Bog

fo R BLe 550

A it

A et

A evith
£+, LoadBiop 5

3t TendonGroup:0

W EE0 e 0E

R Task Pare
For Help, press FL

[ {12 ]3], command Message /2naiyss Message [ 1

[l |
1:0,6.15, 0 50,5150 W en ] b [oede] E OS2

e <

Figure 12. Define groups
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Construct a Bridge Model
Generate Girders

Refer to Figure 13 to generate girders.

cs2 \ cs3 \ cs4
|
0.2L1+0.2L2=20m 0.2L2+0.2Ls=20m
0.8L1=36m T T 0.6L2=33m T T 0.8=36m
O
Lt =45m l L2 = 55m J Ls =45m
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 considerthe
effective width of girders, girder elements will be generated to have the following
lengths.

CS2 Section: 7@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)
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@ Top View , Node Snap (on), Element Snap (on), Auto Fitting (on)
Node /Element Tab> 0-/‘ Create Nodes
Coordinates (0,0, 0)
Copy>Number of Times (1); Distance (0, 6.15, 0)

Node/ Element Tab > T_:':_ Extrude

@ Select All

Extrude Type>Node->Line Element

Element Attribute>Element Type>Beam

Material>1:A53; Section>1 : Sect 1

Generation Type>Translate

Translation>Unequal Distance

Axis>x; Distance (7@5,1,4,3@5,1,4,5@5,4,1,3@5,4,1,7@5)>Apply

Close |

u - x LS . P
o -F » f_g R i ﬂ s %Débla b Ty Automesh 31“ :‘p
[ i I} L N Goagee [ Hwpmeh
g0 MNodes | Oedte “‘ Trandate ide Merge Infersect H\M - wnge  Eements
pe— % Tadle Bements | iy ] Paameters  Tdle
Extrude Bements
Bzt fum ‘ l
L P [ ot b = I
50 - ¥ BRSSPI AIDACEE N LB

Hiod Humber
Element Nuber :

Extrude Type
Kode-> Line Element
Source

Reverse ) a
Elemerk Atrbute 3
Bement Tipe:  [peam B ]
Materd: .
118 -
Settin: g
1ngatt o -
N\
Betahnge: 0 ¥ [oeg] é p
Tf OE
LY i
Ganeration Type
O Ttz Rotafe ) Project -
Transatin é
EqualDistance o
@ Lrequal Distance B
s 9x Oy Oz O atirery [E:
Distances: | 1,385,4,1,785 -
(Evargle: 5,345, 385.0) -

[ <110 1\ Command Message [ arslysiz Vessaze |
Fer Hely, pressFL

»
o [ A A e N B

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,
usethe Drag & Drop feature.

Works tab

Select Window (Elements: all girders in CS3 section; that is, 17t040)
Properties > Section > Sect 2 ( Drag & Drop )

Select Window (Elements: all girders in CS4 section; that is, 41t066)
Properties > Section > Sect 3 ( Drag & Drop )

UCS{GGS - @ @ ™ dose - == Tie Horaontaly

@ @ Dyrarmic ~ () View Paint - jq N

= [ zoom ~ (5] amed View o Y b B Gids ~ st = fnext 17 Tie verticaly
Tnitidl Prei H s Active Inactive a2 =
e aw P NG - - M e s TR B Seeas B oo
Dyname Vs | Render Vew | Select Actirties GidsfSa | Degler | Window Wrdon Tl |
CEEITHE®IFEARS B, ML SEESPEIACTAOEE M NS
ax
| e B

o
-
o a
& [E Time Dependent MatesaliComp. Shengi o
CTervomimin 2 il
T 3 Mat=Grade Lol TEMal AT ~ A 7 %
= T Sesin-d Y v

T 1:Seatl

T 252 L L
Rec® CS3section: Sect 2 CS4 section: Sect 3 |
; 53m 56m s
Drop a
[F]
A
G
&

\ Model view,

ILel |
W e o (2] b foonde) 21 N 2

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

Generate cross beams as below.

&' Node Number (on)
Node/Element Tab > |_/‘ Create Elements

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

Node/ Element Tab> _* Translate

fﬂ Select Recent Entities
Mode > Copy; Translation > Equal Distance
dx, dy,dz (5,0, 0)”D ; Number of Times ( 145/5 ) > Apply

s BERIER -
.rc’ﬂ View ucre  [REENEEE Properiiss

Load  An

L TPV N ey 7 @0 y ¥ N Yy Xoeee 5 Bmomsh oy 4H
P % oYY Xowe ot [77¢ T W 0 Yot - J
¢ e e o g 2 RN AN e ZH
(Geale Transdate Divide Merge & et gv Modes | (Ceate ‘\ Trarslate Extrude Diide Merge Intersect I\'IJI 2l Change  Bements
Nodes £ e ¢ Table | Bements | A2l 4 Parameters T
Hodes | Berents
=~ BRI THROIEHSE® % - SEPESPEIBIGIOTE L BE
i e I
0
# Equal Distance ?
dudydz (5,00 “
e o Tes: 145/ % &
Unegud Diance =
o =
&
! Qt
03
CISGRNERRNARARNRRRRARRNNNNDNN .
A $
s
Mateiglc, : 0 = R, 9
el 0 Rep. |
Tidresshe: 0 5 e, s}
B
Tast ot e B\
ooy Node Attbutes &
‘Cony Eenert Atrbutes =
Mergng Torance &
4\ Model Yiew / b
Command Message | AndysisMessag | lel |

00,00 T B e iR D R

Figure 16. Generate cross beams

20



Construction Stage Analysis of a Bridge Using a Composite Section

Input Boundary Conditions

Input Support Conditions

Since all boundary conditions of the structure are simultaneously activated at CS1,
designate BGroup as a boundary group in which all boundary conditions of the bridge
will be included.

Boundary Tab / Define Supports
Boundary Group Name > BGroup

& select Single (Node: 21)
Options>Add; Support Types>D-ALL (on) > Apply

¥ Select Single (Nodes: 1, 47, 67)
Options > Add; Support Types > Dy, Dz (on) > Apply

& select Single (Nodes: 2, 48, 68)
Options>Add; Support Types > Dz (on) > Apply

% Select Single (Nodes: 22)
Options > Add; Support Types>Dx, Dz (on) > Apply

rc‘-\irf'ﬁ: ] :-

2| vew Sl coundary

Tt

iefHsment  Properties i3
/ % Generd Soring ™ [ oe [H B Lre Constrants 17 Effective Width
Q/ &/ T T ey M & }]}ﬂ A~ h‘ 51 Panel Zone Effects 7 Defie Label DF
Defne face Eastc Aigd Generd | BeamEnd BoamErd Ptefnd g oo Eoundary
Supparts  Spring. Spring Lk Lk Lk *| Relemse  Offiets  Releam 3 Tahies *
Supports Spring Supports Lk | ReleasefOftset Eic Tabes |
G THEGIHHIREE % - CEFESDEIAIDIGEE N A S
Hi e - 1hi
BIop a
Options )
®add O Repeor O Delte ®
Q
Support Type (Local Direction)
Q
z . P - -~
by Iea ¥ Lol & Lol [os
=
- dINNRRERREDERED e [
=y £ & e |°
z(lh ]?k., @
2 % @
8
@
=)
@
[F]
&
G
E

| Command Message | _Analysis bessage |
Fame2

Figure 17. Enter boundary conditions
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Input Effective Width

22

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 beused 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 lyy of the effective
sectionto lyy of the gross section, entered in the Scale Factor for ly field.

. Moment of inertia lyy Scale Factor
e Effective
Classification width lyy 1 lyy 2 for ly,
(Full width) | (Effective width) | lyy_2/lyy 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

View Tab > Display ( Ctrl+E)
Boundary>All; Support (on)

&' Node Number (off), & Element Number (on)

Boundaries Tab > Effective Width
Boundary Group Name>E_Width1

% Select Single (Elements: 1to16)
ly Scale Factor for Sbz ( 0.985 ) > Apply

Boundary Group Name>E_Width2
¥ Select Single (Elements: 17to26)
ly Scale Factor for Sbz ( 0.965 ) > Apply

“¥ Select Single (Elements: 27t040)
ly Scale Factor for Sbz (0.992 ) > Apply

Boundary Group Name>E_Width3
% Select Single (Elements: 41to50)
ly Scale Factor for Sbz (0.965 ) > Apply



Construction Stage Analysis of a Bridge Using a Composite Section

"F Select Single (Elements: 51t066)
ly Scale Factor for Sbz (0.985 ) > Apply

ddge\] Steel F-Gurdes Composite Bndge] - [Madsl Veew

it ” Tool

View fElement  Progert ad
ey e — e ——
ﬁ 7| T 1 pergral s ) & [ e B E5 -, i (e
Dafine Pant | Surface Bistic Rigd Gereral  Beam End Beam End Plate End Node Local Axs Boundary
Suppints Sprng Uk Uik Lrk - Releas  Offiets  Relas | = Tabies -
Supperts Spring Supports Lirik | FRlass)Offset | Etc. | Tables |
-~ EHRITHE® RDHISS® glay - EESPRI A DADEE M LRE
Tres Mery a
Noda Bemont [EEEUERE Mass  Load Fi e " Hj
Sifectve with scskeFacr v
‘Boundary Group Name:
w1 2 (. a
Options. 1
® AddReplace Delete Y
‘Scabs Factar L
z (=
- ' @DHTMTWT ¢
; ] i .
e WL j ! = L d
g e L =
LEnd
Inseae Factorfor she | 998 B
2_top Scale Factar 1 =
2 b Seale Factor ! @
sen 2
1 @
i @
&
1
=
o] (L= 4\, Modiel View/ ]
e Wi 8 x
Troe ters; [URTCRS [ <15 ]+ ]\ Commend Message /_Ansvas Wessage | e ]
For e, press F1 F 1 N e fn o] » [eede] 2 2

Figure 18. Enter a Scale Factorto be applied to the moment of inertia of a section to
account for effective width

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 Vekr;;al Torsional
load (F2) moment 2 moment
Pre-composite load, 38.06 149 38.06 149
DL (BC) ' ' ' '
Post-composite load, 18.69 19.69 18.69 19.69
DL (AC) ' ] ' )
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ADVANCED APPLICATION

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 Tab > Static Loads Option > Static Load Cases
Name (DL(BC)1 ); Type>Construction Stage Load (CS) ___ &dd |
Name (DL(BC)2 ); Type>Construction Stage Load (CS) ___ &dd |

Name (DL(BC)3 ); Type>Construction Stage Load (CS) —d
Name (DL(BC)4 ); Type>Construction Stage Load (CS) aidd
Name (DL(AC) ) ; Type>Construction Stage Load (CS) _|
>Close

o A ———]

Mame B DL{AC) Add
Case B All Load Case || Modify
Type : Construction Stage Load {C5) |:| Delete
Descripkion :

No Name Type Description

DLBCH Congtruction Stage Load (C
DL{BCY2 Construction Stage Load (C

Congtruction Stage Load (C
Construction Stage Load (C
Congtruction Stage Load (T

o1 e |w e =
o
e i=qiii=

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.

Bridge] - [Model View] =
e @ Hb_g

ruct ent Propetes  Bounday

(©) sesric (©) settementiEtc @ EE (® seffweiht & hodd Bodky Force Bresreions | S FitdFoues ~
(%) Tesre.Prestress (%) Construction Stage (5 Load Tables e T ‘f” (otoddlosds  (ModalMasses  Mine | [ Hyroststic ressure | 5] Assn Fo Loads ~
OMinglozd (0 Hest of Hyckaton e | “\Spechedliol M LowstoMases | B Tyokd | & Asion Flane Loack
Load Tyne Create Loa Cases | Structure Loacs | Masses Beam Load Pesuelodd | Initd ForcesfEtr
CEETHEG HHIRG O {7) EES &R DACEE N LIBEE
DuBCE l Hore: [rwerss. Frev
Load Graup Mame:
DLECE e a
-Opbions: :;
Oudi Relae O Debe ®
Load Type [x] a
Unorm Moments  Torsons v g
— Delete
",z K Reghce a
d
r L‘/ Intersect g
mage Mk
Chose E
.
O
Drecten : [GoblZ  [x) 3
Projection : Ves @M &
vaue
O Rdatie O slschie ;;l]
0 M|0 =
2 1 ]
3 b @
0
nip —— b
QUERED] Task P Command Message /| Anairsis Wessae | JL« )
o o 15,6150 G:5,6.15,0 woefn ]t b ede] IO

Figure 20. Apply pre-composite loads to the slab of the CS2 section

B 1so View, % Element Number (off)

Load Tab > Static Loads > Self Weight
Load Case Name> DL(BC)L ; Load Group Name>DL(BC)1
Self Weight Factor>Z (-1) ; Operation>Add

I’__o'ad >Static Loads > Element
b Select Identity-Elements
Select Type>Section; 1:Sect 1 _ Add | > Close
Load Case Name> DL(BC)2 ; Load Group Name>DL(BC)2
Load Type>Uniform Loads
Direction>Global Z; Projection>No; Value>Relative



ADVANCED APPLICATION

x1 (0);x2 (1);w(-38.96) >Apply

E Select by Polygon

(Elements: 2tol6by?2, 1stpart of the composite section on the left girder)
Load Type>Uniform Moments/Torsions

Direction > Global X; Projection > No; Value>Relative

x1( 0);x2( 1); M(1.49 ) Apply

E Select Polygon
(Elements: 1to15by2, 1stpart of the composite section on theright girder)
X1( 0);2( 1); M(-1.49 ) Apply

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

Do s 60

o

=T Secion:
=} Composie Seci

=
@
@
&
B
2

= [ Steic Load Cane
=8 Carstracion Stage:
=2 051 5duiel
=% C52[30 dasle]
=2 C53[30 dasle]
= C54 10000 ooyl

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.

I:ggd Tab / Static Loads / Element
k  Select Identity-Elements
Select Type>Section ; 1:Sect 1+Shift key+2:Sect 2+ Shift key+3:Sect 3
Add | > Close
Load Case Name> DL(AC) ; Load Group Name>DL(AC)
Load Type>Uniform Loads
Direction>Global Z; Projection>No ; Value>Relative
X1 (0);x (1); w(-1869 ) > Apply

T Select by Polygon (Elements: 2to62by?2, left girders)

Load Type>Uniform Moments/Torsions
Direction>Global X; Projection>No; Value>Relative
XL (0) ; X (1) ; M(-1969) > Apply

T Select by Polygon (Elements: 1to61lby2, right girders)
x1 (0) ; X (1) ; M(1969 ) > Apply

[efoycyls]

€00

HE =00 08

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
® select Al
Group>Structure Group > SGroup ( Drag & Drop )

= 8 Shacae Group: 1
[ sGoun Hode=53. =

=& Bounday Brow 4

A Boop

A Ewidhl Drag

A v

& Ewidna

. Losdbop:5

1 Tendoniiup 0

Drop

|30

[ == = e ]

Madel View

A
W xfs =] k] TR 2

For Help, press F1 Nanal U:0,0,0

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 - Duratio
Stage Gro Gro (Activation) REIENS
u u
g P P Group Step .
DL
(BC) . Non-
st G BG 1 First step 5 it
I r mposi
oup oup DL (BC) | First step €0 po.s
e section
2
Composit
cS2 ) E Width DL (BC) 25 days 0 e_actlon
3 (User step) in CS2
section
Composit
. DL (BC 25 days e action
cs3 - E Width2 (BC) y 30 - actl
4 (User step) in CS3
section
Composit
e action
- i i 10,000 .
Cs4 E Width3 | DL (AC) | First step in Ccsa
section
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ADVANCED APPLICATION

Click the Generate button to generate every construction stage at once, and then
modify the data for the stage selected.

Top left of screen > Define Construction Stage
Generate
Stage > Name( CS ); Suffix( 1to4 ); Duration ( 30)
Addition Steps > Day (25 )__Add |
Save Result>Stage (on), Additional Steps (on) > Apply > Cancel

% Construction Stage

—Stage
Mame Duration  Date Step Feesult Add
st 5 5 0 Stage, .. F— Bate
253 30 a3 1 Stage, .. Insert Mext i
54 10000 10065 O Stage, ... = Duration 30 =5 davis)
< r Additional Steps
- Add Delete
2o
{ Example: 1,3, 7,14 ) Modfy Cear
Skep Dray
Close Auto Generation 1 75
Step Mumber 1]
Generate Steps
Save Result
’7 + Stage + Additional Steps
oK Cancel Apply

Figure 24. Generate construction stages by the Generate command
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€&  When “Fimst” day is
selected in the Active
Day selection list, the
selected load groups
will be activated from
the first day of the time

span for each
constrction stage
(Duration).

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 Modify/Shotw |

Addition Steps > Day (25) _Belete | Duration (5)
Element tab

Group List > SGroup

Activation>Age (0); Group List __#dd |
Boundary tab

Group List > BGroup

Activation>Support/Spring Position>Deformed
Group List __ Add |

Load tab

Group List>DL(BC)1 + Shift Key + DL(BC)2
Activation > Active Day>First; Group List __Add | > Apply>OK @

= Eumﬂuse Canstruction Stage X
Stage Additional Steps
8 = add Delet
Stage : st M Day: |0 E e
Name ¢ cst e Modfy || Clear
Duration : 5 2 e Step  Day
Auto Generation
Save Result =
Stephumber @ |0 =5
| Stage | additional Steps
Generate Steps
Current Stage Information, .
Element [Boundary | Load
roup List Activation Deactivation
Elmert Force
fge : [0 2 day(s) | | Redistribution: | 100 e
Group List Group List
Narne | Eement o
SGroup
Gaplt o Activation Deactvation
et Boundary Dad oueCs
gtgg%" detiveDay: Fist YOS | nactiveDay: Frst (¥ fdayls)
Activation
S " Group List Group List
Endtht Support { Spring Postion
E-Width2 Name Day Name Day
E-Width3 Orignal  ® Defarmed DL{BC)! Fist
R DL(EC2 First
Group List
Name Postion
Bearoup Deformed
A Modfy | Delsts A | Modfy | Deleke
Add Modfy | Delete add Delete

Figure 25. Modify the data for the stage
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ADVANCED APPLICATION

Select CS2 and modify the datafor the stage.

Name>CS2  Madify/Shaw |

Boundary tab
Group List>E_Width1l

Activation>Support/Spring Position>Deformed

Group List _ 4dd |
Load tab
Group List >DL (BC) 3

Activation>Active Day>25; Group List __#dd | oK @

Boundary 1
ol Admtin Dascten
lpate S| g s

it

[Eata rord @ ot

e o Tare
B et
M oy | D a1 Do

[

Gouplist
DLEC)L
DLBC)Z
DLIBC)
DLAC)

Aetvabion Deacvatin

Advelay: Ft % onl) | atiens: [Fre |7 s
o it Group Lt

Hame: Day Name. Day.
DECR =

A Medy  Debt M | Medy | Deete

Figure 26. Modify the data for the stage CS2

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

Spgert g Postion
et
£t TRzl
Guplit smgls

Hene Pastin Hine:
EWEe  Defomed

Al by Dok A

Elemert Bnun

Group List

Actvation Deativation
ActiveDay:  Fist | ¥ day(s) | | fnactiveDay:  First | ¥ dayls)
GroupList GroupList
Nae Day Name Day
DUECK ]
Add Modify | Delete Add Modify | Delete

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  Madify/Show |

Addition Steps > Day ( 25) _Delete |: Duration (10000)
Boundary tab

Group List >E_Width3

Activation > Support/Spring Position>Deformed

Group List __Add |

Load tab

Group List > DL(AC)

Activation>Active Day>First; Group List __4dd | OK® >Close

Stage Addond Seps.
Stp s EN - e 0 At ieids
eme o (Banpe1,3,7,14) W Cex
Draten: | 1000 = ESN
Name Duration  Date Step Result add Auko Generabion
st s 5 o Stage, .. Insert Brev Save Resit - =
Egg gg gg : g:aqe, = * Sage ¥ addtional eps. =
308, Insert Next Generate Steps
st 10000 10068 0 Stage, ... e
> N
Goplst - Adivaton Deacthaton
Delte RTo]
35223 AcieDay: Pt ¥ paeter: |Fm v s
ouec )
Cose Gupls @apst
Home Dy e ooy
o) Frst
A odfy Delete A Modfy Delete
Elegf@t Boundary TN
oK Cancel Aagly
Capl . Activation Deactivation
Baroup Support | Spring Posiion
iy orignd  © Deformed
Group List Group List
Name Postion Name
E-idth3 Deformed
Add | Modfy | Deete add Delete

Figure 28. Bring up the Composite Construction Stage

dialog box and modify the data for the construction stage CS4



ADVANCED APPLICATION

Define the Composite Sections Corresponding to Each Construction
Stage

Specify the construction stage at which the girder or slab sections become activated. When
the Section Type is setto “Composite”, the previously defined section properties can be
used. Refer to Figure 29 to specify the Active Stage at which the girder or slab sections
become activated. For this example model assume that every girder is activated at CS1.

cs? \ cs3 \ Ccs4
| |
0.2L1+0.2L2=20m 0.2L2+0.2L3=20m
0.8L1=36m T T 0.6L2=33m T T 0.8=36m
O O O
Li = 45m | Lz = 55m | Ls = 45m
T T
145m

Figure 29. Construction sequence for deck and each part of the deck section

Firstly assignthe first part of the slab section (i.e., CS2).

By default, Composite Type is setto “Normal”. Note that Part 1 and Part 2 only are
available for entering construction stage. When “User” is selected from the Composite
Type drop-down list, you can assign as many Parts as you desire, where you must use the
outer dimensions or centroid pertaining to the post-composite section.

-~
@ The girders (Part 1) Load Tab > Construction Stage Option > &jﬁ Composite Section for

will be activated in the
Active Stage, that is, CS1
and slab (Part 2) activated
in CS2.

€ Aninitial age input in

Construction Stage fad

Active Stage > CS1; Section>1: Sect 1
Composite Type > Normal

Construction Sequence

the Composite Section for Part >1
Construction Stage dialog Mat.Type > Element; Compo. Stage > Active Stage; Age (0)
box will have priority to Part >2
the age input in the Define Mat.Type>Material ; Material>3:Grade C6000 ; Composite.

Construction Stage dialog

box.
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Construction Stage Analysis of a Bridge Using a Composite Section

€@ Input “0” in the
Weight field so as not to
include the self-weight
of concrete in the
automatic calculation of
selfweight by the Self
Weight command.
Element Beam Loads
will be used to input the
self-weight of the
composite concrete
section.

Stage>CS2 ;
Age (5)& ; Stiff. Scale> Weight>0 & > OK > Apply

) Settement/Ete.

i

CSLoads
s -

Sedtion

Construction Sequence

Actvetzp | Cst

1

Conposte Type | Wormal

TN e s

F 1 s ee @1
Elemert List itol6

151

FiEE

Material Comgosite stm. | Coma
Pat| Tre | Metenal | Tgpe | fae| b s | oo
1_|Etement Autive Stag 0[002
2_|Element Aafive Stag 102

Cancsl

Aoply.

Figure 30. Define a composite section for construction stage CS1

[T
W xfn (o] FE D wede | 20

| R Boedn

G 6 @O0 O
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ADVANCED APPLICATION

36

Now assign the second and third part of the slab section.

Active Stage>CS1 ; Section>2: Sect 2
Composite Type>Normal
Construction Sequence
Part>1
Mat.Type>Element; Composite Stage>Active Stage; Age (0)
Part>2
Mat.Type>Material; Material>3: Grade C6000; Composite Stage>CS3;
Age (5); Stiff. Scale> Weight>0 > OK > Apply
Active Stage>CS1; Section>3: Sect 3, Composite Type>Normal
Construction Sequence
Part>1
Mat.Type>Element; Composite Stage>Active Stage; Age (0)
Part>2
Mat.Type>Material; Material>3: Grade C6000; Composite Stage>CS4 ;
Age (5); Stiff. Scale> Weight>0 > OK > Apply

™ mEmTER S
Tzl View Struchre  HockjSement
(@ statc Loas (2 Selsmic (°) Settement/Ete. [l e iz
Oremiees Soommmsml O H 1D
OMmiglost () Featof Hdston I
Load Type. Construrtion Stage Data |

Properfies  Boundary [ERERN 4n:

~ ‘¥ 4ltosh

ComposteType  Normal

Section Type Composite

Section Shape. 31
Element List Hiwes
| Construction Sequence
: | Materia Compusite siift. | Compl ﬁ;ﬁ'
Parl g | Mateial [ Tg | Age | b ‘ . | el
1| Element | Active Stag ] o
2 |Material [ Gres  [cs4 5024

W m[n =] F A i

Figure 31. Define a composite section for construction stage CS3

AN e

ErcEYeTs]

€0 R

w6 E RO 0




Construction Stage Analysis of a Bridge Using a Composite Section

§¢  Checking Auto Time
Step  Generation  for
Large Time Gap will
create internal  steps
when the duration of the
construction stage is too
long, to consider the

sustained loads.

§® Checking Calculate
Output of Each Part will
calculate the forces for
each part of the
composite section.

§@ In a construction
stage analysis, all the
load cases except for
tendon relaxation and
time dependent loads are
lumped into Dead (CS)
and the results are
produced under Dead
(CS). With the Load
Cases to be
distinguished from Dead
Load for CS Output
checked, we can select
Beam Loads or Nodal
Loads as desired to be
distinguished from the
Dead (CS) and produce
the results under
Erection Load (CS).

Enter the conditions for a construction stage analysis.

Analysis Tab >Construction Stage
Final Stage>Last Stage
Analysis Option>Include Time Dependent Effect (on)
Time Dependent Effect
Creep & Shrinkage (on) ; Type>Creep & Shrinkage
Convergence for Creep lteration
Number of Iteration (5); Tolerance (0.01)
Internal Time Step for Creep (1)
Auto Time Step Generation for Large Time Gap (on) &

Variation of Comp. Strength (on)

r [ah) & Anahsis Options
= ]
. pe" = Batch Andyss
Fuspernsion. Boundany PR rfom =

Eridge Assgnment  Tencon Losses | Andrss ] mport Anlyss Resuit

Cortral

Time Dependent Effect
¥ Creep & Shinkage:

© Last stage Other Stage: ® Internd Force Estemal Force

Tnitia Force Co

Restart Construcion Toage Anaysis Select Stages for Restart... 0= Member Forces to Inkial Forces W8

Creep strikag © Cegp bistrikage
5| ~analysis Opbon
Inchde Nonlinear Anaysis Nanlinear Analysis Control resp N

‘Convergence for Creeg Reeation

Humber of Ierabions: |5 = Tokrance: 001

05 Cable Bemert: to Equivalet Truss Blmert for FostCS
iy Initil Member Force b C.5.

Inkia Tangenk Displacemen o Erected Struchres
# Incids P-Deka Effect Orly i

%/ Inchxe Time Dependert Effect
Load Cases to be Dstnguished from Dead Load for C.5. Cutput

Qnly User's Creep Coefficient
@ Internal T Seep for Grezp
¥ ke Time Step Genesation fer Large Tine Gap

E =

LoadCase:  |DUBC) - LosdCase Consider Sress Decraasa at Lead Langth Zone by Post-tension T:TmeGa T 2 5 T S
. S = Tow |7 A TS |10
DSl | | geam Secton Property Changes: T> o (W S
Atoadof i Constent —STET % Tendon Tension Loss Effect { Creep iShrrkage )
Load Type for .5, (Erection Load) D e e

Calaudate Conpurrent Foroes of Frame.

' Variation of . S
@ Caate Output of Each Pk of Composte Section EIE I S

 Rpply Time Dapendent Effect Elastic Modus to Post C.5

Save QUL o Curert Stage(Bzami Truss) I Tendon Tension Lass Effect { Blastic Shartening )
Remowe Consiruction Stage Andlyss Control Deta o 8 Change with Varietion of Tendon Force
Constent

4, Model view/

Figure 32.Construction Stage Analysis Control Data dialog box
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ADVANCED APPLICATION

Perform Structural Analysis

When the composite section model and construction stages are complete, the analysis
will be performed.

Analysis> % Perform Analysis
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Review Analysis Res

There are two

ults

methods of reviewing analysis results from construction stage analysis.

One is to review accumulated member forces and displacements of all the members at
each specific construction stage, and the other is to review the changes of stresses in

each part of th
format.

e composite section due to preceding construction stages ina table

Review Member Forces

Review the member forces at the construction stage CS4, which represents the
completion of long-term loss.
Where, Summation = Dead + Erection Load + Creep Secondary + Shrinkage

Secondary.

Stage>CS4

Results Tab / Forces / = Beam Diagrams

Load Cases/Combination > CS:Summation; Step>Last Step
Components>My; Output Options > 5 Points; Line Fill
Type of Display > Contour (on); Legend (on)

| T.HResuits = % cable Control - b a

y < Reactons = 94 stesses © | T BeamyElement © L. Moda shapes  Influ. Lines
Lo  Deformations = £ Diagram © # Infus. Surtaces = | [E TH GraphfText = | | Camber/Reaction = s i 3
Combination |2 Forces '] & HY Results 8 Moning Traces | [& Stage/Sten Graph | 15, Tenden LossGraph e SEET | TR Tl
GoEAeR | Truss Forces. Detal Mo shepe. | Moingload | Tiedstoy | Eridge [ Text | Tables |
- 5 ®) -y CEESDEIS DACEE ML BAR
= N BIDAS/Civil
= | tate Forces Moments... Hies4 Sl POST-PROCESS0R
=] Plate Cutting Line Diagram... EZAN DIAGRAN
pat 1ol v [P—
P e 6. 364884003
L Fz Fye 3.30127e4003 | (=
oMy Mz Myz 0.00000e+000 | =
-2.82598e4003 | A
-5, 8695800003 | @
-8.9531984001 | g
Displry Of
=l te -1.z0L68e+004 |
HoFl -1.508042+004 | =
O 5Pt | i -1.81430er004 [ 2
T s ey -2, Tesn0d | N
Seale: [ 1.coomr| | 7 SO | J Ll ety - &
e ik ;A
I Cortur xﬁ«ggéhu—mf
Values L. Flegend ... = 2
Aninate ... undeformed =
Wrored ... Gk Viem: =
OuspuSectonLocatien B
&
Apply | Chcae =
] @
4\ Model View/ v

Figure 33. Moment diagram at CS4
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As can be seen below, review the changes of moments stage by stage.

MIDAS/Civil
. POST-PROCESS0R
CS1: Summation, Last Step "~ oman oo _
p—
7320.24
4430. 40
3075.49
1660.57
0.00
-1163.27
-2584.19
-5414.03
MIDAS/Civil
POST-PROCESS0R.
BEANM DIAGRAN
BT——
7243.45
5275.21
. 3306.96
CS2: Summation, Last Step
-8502.50
-10470.74
-12438.99
-14407.23
STAGE: C52
Cs: Summation
MAX : 35
mm:ze
FILE: I-GIRDER C-
UNIT: kN-m
WIEW-DIRECTION
Ct-'
Z: 0.259
. -4654. 44
CS3: Summation, Last Step
-14353.61
STAGE: C53
C5: Summation
mw:1s
FILE: I-GIRDER C-~
UNIT: kN-m
DATE: 09/25/2006
‘; -
Z: 0.259

Figure 34. Moment diagram at CS4
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Review Stresses

Review the stresses foreach part of the composite section at the construction stage
CS4, which represents the completion of long-term loss.

Results Tab / Result Tables Tab / Composite Section for C.S. > Beam Stress
Node or Element>_None |- (19)

Load case/ Combination > Summation(CS) (on)

Stage/Step>CS1:001(first) ~ CS4:002(last) (on)

Part Number>Part j (on)

e T T

Made or Element LoadcasefCombination Stagestep Part Number

all hone Inverse Free | [|Dead Load(cs) i
[ JErection Load{5) {last) [JPart 14
- 19 [C]Creep Primary{C3) S2:001(First) [CPart 24
[ 1Creep Secondary(CS) S2:002{userl) [ Part 3/4
[C]shrinkage Primary(C3) 521003(last) [w]Part j
Sttt Uhe : ) 53:001 (First)
Element Type hd add S3002{userl)
S3:003(last)
TRUSS -~ S4001¢first
BEAM Eelos S4:DDZEIast))
PLANE STRESS [ IMinfMax:max
FLATE Replace [CIMingMa:rnin
PLANE STRAIM
BRISYMMETRIC || [ Tntersact
[11.4 Cancel
Section Aol Bendey) | Bencly) | Bend) | Bendln) | Chlminimer) | ColGys) | chaieyer) | OBy | Codeyd) | A
on | Load | Stege |60 | ot | P g | o) W) | e | g i) o) [ o | e | o
Summat |51 |o01(frat [ “NEei03 | 50s+D00 | 51064000 | 57854004 | 53764004 | 57054004 | 576edl4 |  57Bes00d | -53lev00d | 532eriDh
18 [Summatl [CST [0 (frst 2] J/J] ORHO00| 0004000 | 000e+D00| O00e+O00 | D00s+000|  0.00e+D00 | 00024000 | DO0s+000|  000e+000|  000+000
18 [Summat [CST | 002(ast) Ay K SAs+000 | 51064000 | 57854004 | -532e+lild| 57664004 | 57664004 | 5706004 | 53064004 | 530s+00M
y/ 19 | summat [CS1 | 002(ast) AN 000s+000 | 0006+000 | 0004000 | DO0s+000|  0.00e+000 | D00s+000 |  OD0ed0D|  000e+000|  000+000
18 [Summatl[CS2_ |0 (frst [l SAs+000 | 51064000 | 57854004 | -532e+lild| 57664004 | 57664004 | 5706004 | 53064004 | 530s+00M
18 [Summatl [CS2 |0 (frst 2 J 00s+000 | 0006+000 | 0004000 | DO0s+000|  Q.O0e+000 | D00s+000 | OD0ed0D| 000e+000|  000e+000
1 | summeti [cs2 [ 002(user 1 J| 320l | 42300 | 1234001 | 1224005 | 1030005 | 12264005 | 1220005 | 12264005 13005 | 1134005
1 | summeti [cs2 [ 002(user 2 J| 00| 000e00| 00064000 00Ges0D0 | 000000 |  0.00e+000 | 000000 | D00e+d0D| OO0e+000|  0.00e+000
(est) 1 J| 3350k | 2300 | 1234001 | 1224005 | AAZe005| 12264005 | 12204005 | 12264005 1264005 | 11224005
I (est) 2 J| 00000 | 0.00e00| 000e+D00| 00Ge+0D0 | 000000 |  0.00e+000 | 000000 | 000e+d0D| OO0e+000|  000e+000
i(irst 1 J| s3se0n| 23000 | 1234001 | 1224005 | AAZe005| 12264005 | 12204005 | 12264005 1264005 | 1224005
i(1rst 9 J| 00nesonf|  0.00e00| 00064000 00GE+0D0| 000000 |  0.00e+000 | 000000 | 000e+D0D| 0O0e+000|  0.00e+000
= ——— ouser 1 J| A8tew00f | A280000 | 1234001 |  AABes005 | 10804005 |  AA7esDU5 | 17704005 |  1A7eel05| A10e+005| 10400
I user B J| 10desinf | 463003 | 463003 40N | 40284001 | A44eeD02 |  B36esl01 | B3Berll | 14derdiZ| 1 ddeell:
1 3(est) [ J| ASder00f | 235400 | 12364001 | 11864005 | 10884005 |  A1BexD05 | 11684005 | 116eed05| A10e+005| 1084005
I 3(est) 2 J| 15| 376e003| 3785003 27TesOl | 27Tesl01 | A82edD02 | 12684002 | 126ee002| 1BlexDZ| 1 Blsell2
icirst [ J| Aerfft | A0 | 133001 | A35ed005 | A24e4005|  A3BexDD5 | 1284005 | 120edl05| 30605 | A 304005
icirst 2 J| 10| BBSe00 | 8855001 | A4TedDl2 | AdTel2|  125e+003 | 12564003 | 12564003 G50erDiZ|  G5deell:
At 2(est) TN J] ABBerf0d | A3Bes0 | 13864001 | 1434005 | 13284005  AT8exD05 | 6154004 | OBledl04| A79exD05| A T9eelDS
[ 1 19 summati [c5¢ [ a02(est) 2\ meﬁ_a 4122000 [ 4420001 | T3eddD | 73esd01 376e+003 | 376003 | 370ee003 | 3A4ee003 | 364er03| [y
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Figure 35. Check forces and stresses of the composite section at each construction

stagein a table. When live loads and general loads are applied after construction stages
are completed, the program creates a new load combination to combine those loads and
construction stage loads and determines stresses for PostCS design (i.e., Post
Construction Stage design).
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