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SINGLE SPAN COMPOSITE PRECAST BEAMS AND DECK SLAB BRIDGE

Summary

This example shows the analysis of a 120-ft single span AASHTO bulb-tee beam bridge
with no skew, according to the AASHTO LRFD specifications. The structure consists of
six precast, pretensioned beams spaced at 9’-0” centers. Beams are designed to act
compositely with the 8-in. cast-in-place concrete deck to resist all superimposed dead
loads, live loads and impact. A %2 in. wearing surface is considered to be an integral part
of the 8-in. deck. A 2 in. wearing surface will be installed in the future.

This example is similar to the one presented in the PCI Bridge Design Manual.

Bridge Dimensions:
51'-0"

1-6" '| 48'- 0" 1'-&"
r 8" Uniform Deck Thickness

II‘IIII

3{}| 5 spaces @ 9'- 0" = 45'-0" Ijo

Figure 1a Bridge Cross-Section

. 3-6" |

Figure 1b Precast Beam Dimensions



SINGLE SPAN COMPOSITE PRECAST BEAMS AND DECK SLAB BRIDGE

Materials:

Concrete — Deck and Cross Beams

ASTM C4000

Modulus of elasticity: 3834 ksi

Poisson’s ratio: 0.2

Density: 0.150 kcf

Concrete strength (28-day) 4.0 ksi

Deck total thickness 8.0in

Deck structural thickness 7.5in

Cross beam depth 7.5 in (same as thickness of deck)

Interior cross beam width 10 ft (c/c distance between adjacent cross-beams)
End cross beam width 5ft

Concrete — Precast Beams

ASTM C6500

Modulus of elasticity: 4888 ksi
Poisson’s ratio: 0.2
Density: 0.150 kcf

Concrete strength (28-day) 6.5 ksi

Steel — Prestress Tendons: Y2 in. dia., seven-wire, low-relaxation

Modulus of elasticity: 28500 ksi
Ultimate strength: 270.0 ksi
Yield strength: 243.0 ksi
Loads:
Dead Load

Concrete deck
Exterior PC Beam  (8/12ft) (7.5ft) (0.150kcf) = 0.750 Kip/ft
Interior PC Beam (8/12ft) (9.0ft) (0.150kcf) = 0.900 kip/ft
Haunch above beam (0.5/12ft) (3.5ft) (0.150kcf) = 0.022 Kip/ft
Barrier
(2 barriers)(0.300 Kkip/ft)/(6 beams) = 0.100 kip/ft
Future wearing surface
(2/12ft)(0.15kcf) (48ft)/(6 beams) = 0.200 kip/ft
Prestress Load
Stress in tendon before transfer = 202.50 ksi (75% of ultimate strength)
Assumed initial loss due to elastic shortening = 9.2 % (18.6 ksi)
Therefore: Stress in tendon after transfer = 183.90 ksi

Moving Loads (AASHTO LRFD)
HL-93



SINGLE SPAN COMPOSITE PRECAST BEAMS AND DECK SLAB BRIDGE

File Opening and Preferences Setting

File / O New Project
File / ® Save (PSC Single Span)

Tools / Unit System
Length>in; Force (Mass)>kips

& Civil 2006-LAN - [C:\Civil 700 Tutorials\PSC Single Span\PSC Single Span] - [Model View]
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Figure 2 File Opening and References Setting



SINGLE SPAN COMPOSITE PRECAST BEAMS AND DECK SLAB BRIDGE

Material and Section Properties

In this section the materials and sections used to model the structure are defined.

Material Properties:

The following materials are defined:
Deck

Precast Beams

Tendons

Cross Beams.

In the Tree Menu: Geometry / Properties / i Material
Properties dialog box>Material tab> Click ___ Add |
Name>Deck
Type of Design>Concrete
Standard>None
Modulus of Elasticity>3834 (calculated for Grade C4000 as per AASHTO formula)
Poisson’s Ratio>0.2
Weight Density>0

Click = Apply |

Note:

Deck weight density is assigned a value of zero, because we want to treat deck
weight as beam load, as opposed to self weight calculated automatically by the
program after Composite Section for Construction Stage is created (refer page 40).
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Figure 3 Material Data Window
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Name> Precast Beams

Type of Design>Concrete

Standard>None

Modulus of Elasticity>4888 (calculated for Grade C6500 as per AASHTO formula)
Poisson’s Ratio (0.2)

Weight Density (8.681e-005) kips/in® (i.e., 0.150 kcf) !

Click = Apply |

Name> Tendon

Type of Design>User Defined

Standard>None

Modulus of Elasticity>28500

Poisson’s Ratio (0.3)

Weight Density (8.681e-005) kips/in® (i.e., 0.150 kcf) !
Click _ &pply |

Note:

In this tutorial the density of tendons is considered to be the same as the density of
concrete, since it will be easier to compare results with the example presented in
the PCI Bridge Design Manual. The example in the PCI Bridge Design Manual
does not consider separate density for tendons.)

Name> Cross Beams

Type of Design>Concrete

Standard>None

Modulus of Elasticity>3834 (calculated for Grade C4000 as per AASHTO formula)
Poisson’s Ratio (0.2)

Weight Density (0) J
Click OK
Note:

Weight density of cross beams has been assigned a value of zero because these are
fictitious beams used only for generating moving loads (refer to page 32).

Click _Llose
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Time Dependent Material Properties:

In the Tree Menu: Geometry / Properties / @ Time Dependent Material (Creep /
Shrinkage) 4

Time Dependent Material (Creep / Shrinkage) dialog box > Click __ Add |
Name>CEB-FIP

Code>CEB-FIP

Compressive strength of concrete at the age of 28 days>6.5

Relative Humidity of ambient environment (40-99)>70

Notational size of member>10 (This is a provisional value that will be replaced later
after calculation by the program).

Type of cement>Normal or rapid hardening cement (N, R) 4

Age of concrete at the beginning of shrinkage>3

Click Show Result. .. |

Click = Close
Click QK.
Click = Elose

Add/Modify Time Dependent Material (Creep / Shrinkage)

Mame: |CEB-FIP Code:  |CEB-FIP |
CEB
Compressive strength of concrete at the age of 28 days : 6.5 kips/in®
Relative Hurnidity of arbient erevironment (40 - 997 o o %
Motational size of member : 10 in

h=2* Acu {Ac: Section Area, u ; Perimeter in contact with atmosphere)
Type of cement
" Rapid hardening high strength cement (R.3)
» Mormal or rapid hardening cement (M, R

i Slowly hardening cement (503
Age of concrete at the beginning of shrinkage : 3 4::| day

Show Resulk, .. | QK | Cancel | Apply |

Figure 4 Creep and Shrinkage Data
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Show Time Dependent Material Function

Creep Funckion Daka Type Graph Options
(+ Creep Coefficient [ ¥-axis log scale [ ¥-axis log scale
™ shrinkage 3train
Skart Loading llﬂi Day : e
End Loading : 10000 Day 1.8 /"’
Murn. of Steps : 24 1.8
: 2 1.4 ‘/
'(I'é;ﬂg valua ‘ — a e {
1] 1334  4.15802-001 a1
2 1778 5.3506e-001 3 -
3 2371 6.3246e-001 B
4 3162 7.2245e-001 L 06
4] 4217 8.1009e-001 - 0.4
fi A6.23  8.9768e-001 as
7 7499 9.8630e-001
g 100.00 1.0763e+000 o
5 FRRE 4T EesE 0 1000 ZE00 4090 5500 7000 E500 10000
4N 4TT 00 4 ENA Aanimin 1 Tlme:da?:l

Redraw | Close

Figure 5 Creep Coefficient

In the Tree Menu: Geometry / Properties / @ Time Dependent Material (Comp.
Strength) -

Time Dependent Material (Comp. Strength) dialog box > Click __ Add |
Name>C6500

Type>Code

Development of Strength>Code>CEB-FIP

Concrete Compressive Strength at 28 Days>6.5

Cement Type(s)> N, R: 0.25

Click Redraw Graph

Click 0K, |
Click _Elose |
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Add/Modify Time Dependent Material (Comp. Strength)

Mame Scale Factor Graph Options
|C65DD [ %-axis log scale [ ¥-axis log scale
Type
* Code ™ User 7
E.5 -
_.—F'-_'-—
Developrment of Strength & —
5.5
Code: |CEEBFIP ~| s /,/
(1) (o Tl [H28/1ea)” ) s yd
Concrete Compressive Strength at 28 Days B /
(Fk+delta £ : 3.5
2
6.5 inslin®
kipsfin ,s /
. L
Cement Typels) 1.5 i'l
ENES | s
0.8
o
0oz 4 & 8 1z 16 z0 za z8
Time [(day)
Redraw Graph | oK | Cancel

Figure 6 Compressive Strength Data

In the Tree Menu: Geometry / Properties / & Time Dependent Material Link J
Time Dependent Material Type>Creep/Shrinkage>CEB-FIP
Time Dependent Material Type>Comp. Strength>C6500
Select Material to Assign>Materials>2:Precast Beams
Click |
Click = &dd / Madify |
Click _ELlose
Time Dependent Material Link |

Time Dependent Material Type

Creep)Shrinkage MONE - J
Comp. Strength MOMNE - J

Select Material to Assign

) Selected
P Materials
1:Deck ZiPrecast Beams
ZiPrecast Beams
3:Tendon
4:Cross Beams (i
<
Operation
AddfMadfy | Delete |
Mo | Mak | Creepf... | Camp,

Z Precast B... CEB-FIP Ca500

< | =

Close
Figure 7 Time Dependent Material Link Window
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Section Properties:

The following sections are defined:
Interior Precast Beams

Exterior Precast Beams

End Cross Beams

Interior Cross Beams

Interior and exterior precast beams differ from each other in their effective deck width.
Interior and end cross beams differ from each other in their width.

In the Tree Menu: Geometry / Properties / £ Section J
Properties dialog box>Section tab> Click ___ Add |
Click Composite tab
Name>Interior Precast Beams
Section Type>Composite-I
Slab Width>612
Girder>Num>6
Girder>CTC>108 (center-to-center beam spacing)
Slab>Bc>108
Slab>tc>7.5
Slab>Hh>0.5

By comparing the section shown in the PSC Viewer with the cross section of the
Interior PC Beams, determine the points (J1, JL1...JL4, JR1...JR4) that are
required to define the section.

Girder>J1, JL1 (on)
Girder>Symmetry (on)

Scroll down the Girder window and enter the following section geometry data:

H1 72.0
HL1 3.5
HL2 4.0
HL2-1 2.0
HL3 54.0
HL4 4.5
HLS5 6.0
BL1 3.0
BL2 21.0
BL2-1 16.0
BL4 13.0

Table 1.1 Girder Section Geometry Data
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Tp— x|
DEfIser | Yalue | SRIC | Combined | PaC | Tapere
Seckion I 1 Mame | Interior Precast Beamns
Section Type @ |C0mposite-1 ﬂ
Slab idth 612 in
M ciderium 6 — o 18 i
Slab
Bt 108 in
[ 7.5 in
Hh (05 in
Girder
HL3 54.000 |in »~
HL4 4.500 |in
HLS B.000 |in
BL1 3.000 |in
BL2 21.000 /in
BL2-1 16.000 |in
BL4 13.000 |in
v
Material
Display Centroid Select Material from DB ... |
Egd/Esb 1.2749 Dgd/Dsh a
¥ Cansider Shear Defarmation,
Offset ! Center-Center
Change Offset ...
Show Calculation Results. .. | QK | Cancel | Apply

Figure 8 Section Data Window

Egd/Esb>1.2749

Dgd/Dsb >0

Consider Shear Deformation>(on)
Click Ok

Note:
Egd/Esb represents the ratio of Modulus of Elasticity for both types of concrete —
girder and slab. Therefore, Egd/Esb = 4888/3834 = 1.2749.

Dgd/Dsb is the ratio of unit weight for both types of concrete — girder and slab. It
has been assigned a value of zero because we want to treat deck weight as beam
loads as opposed to self weight calculated automatically by the program.

Properties dialog box >Section tab>ID 1 (Interior Precast Beams)
Click _ Copy |

Click ID 2 (Interior Precast Beams)

Click  Modity. .. |

Name>Exterior Precast Beams

Slab>Bc>90 (this is the only difference between the two sections).
Click Ok

10



SINGLE SPAN COMPOSITE PRECAST BEAMS AND DECK SLAB BRIDGE

Properties dialog box >Section tab>Click___#dd |
Click DB/User tab

Name>End Cross Beams

Click User

Select Solid RECtangIe (‘ . Solid Rectangle j)
H>7.5
B>60

Click OK. |

Properties dialog box >Section tab>Click__ Add |
Click DB/User tab

Name>Interior Cross Beams

Click User

Select Solid Rectangle (‘ [ e j)

H>7.5
B>120

Click QK.
Click = Elose
Note:

The depth of the Cross Beams is taken as the thickness of deck slab and width of the
Cross Beams is taken as the center-to-center distance between the Cross Beams.

11
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Structural Modeling Using Nodes and Elements

Tools / Unit System
Length>ft; Force (Mass)>kips

Click & Top View

In the Tree Menu: Geometry / Nodes / .# Create
Coordinates (x,y,z)>0,0,0
Copy>Number of Times>5
Copy>Distances (dx,dy,dz)>0,9,0
Click _ Zpply |

Click = Close

Mode IEIemerrt ] Boundary ] Mazs l Load ]

|Create Modes LlJ
Start Mode Mumber |'." _I

— Coaordinates {x.y.2)
[0 0 in

—Copy

Mumber of Times |5 3:

Distances (dx.dy.dz) :
|0. 8.0 in

v Merge Duplicate Nodes _I
¥ Imtersect Frame Elements _I

Apply | Close |

Figure 9 Create Nodes Window

12
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Precast Beams:

Click [E Auto Fitting
Click ." Node Number

In the Tree Menu: Geometry / Elements /+2 Extrude J
Select Window[{<Nodes 1 and 6

Extrude Type>Node-> Line Element
Element Attribute>Element Type>Beam
Material>2: Precast Beams

Section>2: Exterior Precast Beams
Generation Type>Translate
Translation>dx,dy,dz>10, 0, 0

Number of Times>12

Click _Apply_|

Tree Menu o x

Mode  Element | Boundary | Mass | Load

‘Extrude Elements j J
Elstart Mumber
Mode Mumber l?g— J
Element Murmber : W J

Extrude Type

|Nude - Line Element j
Source [ r

[~ ReverseI-1

-~

Element Attribute

Element: Type: ’m

Material ;

| 4 |2: Precast Beams jJ

Section

| Z |2: Exterior Precast EﬂJ
Beta Angle : 1] | [Deq]

Gerieration Type
o qr " Rotate © Project

Translation
f+ Equal Distance

™ Unequal Distance

dx,dy,dz: | 10,0,0 in
Mumber of Times : 1z El:

Merging Tolerance |

Apply Close

e

Figure 10 Extrude Elements Window
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Select Window[:dsNodes 2to5

Extrude Type>Node-> Line Element
Element Attribute>Element Type>Beam
Material>2: Precast Beams

Section>1: Interior Precast Beams
Generation Type>Translate
Translation>dx,dy,dz>30, 0, 0

Number of Times>4

Click _&pply |

Cross Beams:

Select Window[*sNodes 1 and 29

Extrude Type>Node-> Line Element
Element Attribute>Element Type>Beam
Material>4: Cross Beams

Section>3: End Cross Beams
Generation Type>Translate
Translation>dx,dy,dz>0, 9, 0

Number of Times>5

Click _ &pply |

Select Window[+]>Nodes 7t027by?2

Extrude Type>Node-> Line Element
Element Attribute>Element Type>Beam
Material>4: Cross Beams

Section>4: Interior Cross Beams
Generation Type>Translate
Translation>dx,dy,dz>0, 9, 0

Number of Times>5

Click _&pply |

Click = Elose

Toggle on the |-= Element Number to check the model geometry and the numbering
of nodes and elements, and then toggle it off.

14
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Change Element Dependent Material Property:

This function is related to the Notational Size of Members and should be applied once the
elements have been generated.

In the Tree Menu: Geometry / Properties /& Change Element Dependent
Material Property

Click g3 Select All

Element Dependent Material>Notational Size of Member
Select Auto Calculate

Click __ &pply
Click _Llose

hode Element IEIUundary ] Mass ] Load I

|Change Elemant Dependant Fx| _I

Start Node Mumber @ |? _I
Start Elernent Murnber : |l _I

Cption
’7(3‘ Add/Replace i Delete

—Element Dependent Material —
[Motational Size of Member =]

i Input ¢ Auto Calculate
h: ID in
Code : |CEB—FIP vl

The formulais h =2« &z fu
u=Lo+a-Li

a: IU.5|

Apply | LClose |

Figure 11 Change Element Dependent Material Property Window
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Structure Support Conditions

In the Tree Menu: Geometry / Boundaries /£ Supports J
Select Window[:dsNode 1

Options>Add
Support Type (Local Direction)>D-ALL
Click _ &pply |

Node] Element Bouncary IMass ] Load l

|Supports ;lJ
Boundary Group Mame

’]Default =l J
Options

’76‘ Add ¢ Replace ¢ Delete

—Support Type (Local Direction) —,

Z
T Ry Dy %
Rzé@Dx
T
Dz %

v D-&LL
D W Dy W Dz v

I~ R-ALL
Fz ™ Fy [ Rz [

Apply | Close |

Figure 12 Supports Window

Select Window [~ Node 29

Support Type (Local Direction)> Dy, Dz
Click __ &pply |

Select Window [ Nodes 2to6

Support Type (Local Direction)> Dx, Dz
Click _ &pply |

Select Window[*sNodes 30, 75t078
Support Type (Local Direction)> Dz
Click = &pply
Click ~Close

16
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§ 8 10 12 14 16 18 0 22 2 2 2 &)
g gs
3 34 i 2 e 50 54 53 2 i 7 74 )
g gs
g 53 a7 1 s 4 53 57 b1 5 o 73 o
g g5
g 52 6 ho ha 4 52 6 0 4 b5 72 %
s g5
o 51 s g 43 u7 51 55 59 3 7 7t &
& |
P v b it 13 15 17 i i b3 ps b7 &

Figure 13 Model Boundary Conditions
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Loading Data

The following items are defined in this section:
Load groups

Static loads

Prestress loads

Moving loads

Load Groups:

To perform Construction Stage analyses it is required to define groups of elements,
boundary conditions and loads. Load groups are defined here to facilitate the assignment
of loads to their respective groups.

In the Tree Menu: Click Group tab
Right-click #- Load Group
Select New...

Name>PC & C/B

Click __~dd |

Name> Deck

Click = Add |

Name> Barrier

Click = #Add |

Name> Wearing surface
Click  Add |

Name> Prestress

Click = Add |

Click Close

Static Loads:

In the Tree Menu: Click Menu tab
Static Loads> [t Static Load Cases
Name>Deck
Type>Dead Load of Component and Attachments (DC)
Click __ Add |
Name>Wearing surface
Type>Dead Load of Wearing Surfaces and Utilities (DW)
Click __ Add
Name>Barrier
Type> Dead Load of Wearing Surfaces and Utilities (DW)
Click __ Add |
Name>PC & C/B
Type> Dead Load of Component and Attachments (DC)

Click __~dd |

18
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Name>Prestress
Type>Prestress (PS)
Click __ Add
Name>Creep
Type>Creep (CR)
Click __ Add
Name>Shrinkage
Type>Shrinkage (SH)
Click ___ #dd |
Click Close

Static Load Cases

Marme : |Shrinkage Add |

Type : |Shrinkage (SH) =1 Modify |

Description : | Delete |
No Name Type Description 1=

Bridge deck|Dead Load of Component

Wearing surDead Load of Wearing Sur
Earrier Dead Load of Component

PC &C/B |Dead Load of Compaonent

Prestress | Prestress (PS)

Creep Creep (CR)

Shrinkage | Shrinkage (SH)

e i L= L5 E 00 L L

Close _l
Figure 14 Static Load Cases Window

Click ®& Iso View

Click & Select Identity-Elements

Select Identity dialog box>Select Type>Section
Click “1: Interior Precast Beams”

Click ___ #dd

Click Close

In the Tree Menu: Static Loads>g Element Beam Loads 4
Load Case Name>Deck
Load Group Name>Deck
Direction>Global Z
Projection>No
Value>Relative
w>-0.922 (0.900 deck + 0.022 haunch)

Click = Apply |

19
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Node | Element | Boundsaty | Mass Load l

|Element Beam Loads j J

Load Case Mame

Dack -
Laad Group Mame

Diefault hd
Options

& Aadd " Replace (" Delete

Load Type
|Llnifnrm Loads j

Direction Global -

Projection : " Yes (& Mo

Walue
¥ Relative " Absolute

%1 |0 w | -0.922

x2 |1

%3

wlo o

Unit:  kipsfft

Apply Close

Figure 15 Element Beam Loads Window
The loading is displayed in the Model View window.

Click &% Select Identity-Elements

Select Identity dialog box>Select Type>Section
Click “2: Exterior Precast Beams”

Click _ Replace

Click Close |

Load Case Name>Deck

Load Group Name>Deck

w>-0.772 (0.750 deck + 0.022 haunch)
Click _ &pply |

Click &% Select Identity-Elements
Select Identity dialog box>Select Type>Section
Click “1: Interior Precast Beams”

Click =~ Add

Click “2: Exterior Precast Beams”
Click Fheplace
Click =~ Add
Click Close

20
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Load Case Name>Wearing surface
Load Group Name>Wearing surface
w>-0.2

Click = &pply |

Click [ Select Previous
Load Case Name> Barrier
Load Group Name> Barrier
w>-0.1

Click = &pply |
Click Close |

In the Tree Menu: Static Loads>a Self Weight
Load Case Name> PC & C/B
Load Group Name> PC & C/B
Self Weight Factor>Z>-1
Click __ Add
Click Close

Made l Element l Boundaryl Mass Load I

[Self Weight =L
—Load Case Mame
[PC & C/B - ]

Load Group Mame
“PC&C/B vl |

—Self Weight Factor

Z
. 4.

[0
z |

Load Case [ X [ ¥ [ 2 [ Group
PC & C/B 0 0 -1 PCacC

4] | ®
—Operation——
Add | Modify | Delete |
Close |

Figure 16 Self Weight Window

21



SINGLE SPAN COMPOSITE PRECAST BEAMS AND DECK SLAB BRIDGE

Prestress Data and Loads:

No.  Distance from
boreom {in.)

Serands
e 2 70
: : i s 4
" &

1 B
2 G
3 g
Mo, Distance From % 3]
Srrapds  boettom (in.)
Z ]
2 L8
2z La
2 14
Harped 2 0 ;
larped _ 2 10 Ma. Distance from
scrands L 4 S Srrands bortom (in.)
e f ) 2 B
J:: 12 d 8 6
. A 12 2 stsrsas 1z 4
am by HH HH 12 z
-n i BT a1l ilspag, || 2"
‘__JI !—%l I—" = I-TT—-i —
Ar midspan Ar ends

Figure 17 Strand Pattern

14 s=trands 24 strands

P26 | !
P o 486" 120" |

1
Beamn Lengeh - 121%0" ¢ Beam

Figure 18 Longitudinal Strand Profile

—— —~

£=0 Neutral Axis
_——t = ReurEaxs

R .
5 2
8 Insertion Points 8

C/\Q ;

1
Interior Girder Exterior Girder

Figure 19 Profile Insertion Points

In the Tree Menu: Click Group tab
Right-click *=* Tendon Group
Select New...

Name>Tendon
Suffix>1to12

Click __ #dd |

Click Close
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Tools / Unit System
Length>in; Force (Mass)>kips

In the Tree Menu: Click Menu tab
Static Loads>Prestress Loads>:8 Tendon Property A
Tendon Property dialog box>Click |;
Tendon Name>TH
Tendon Type>Internal (Pre-Tension)
Material>3: Tendon
Click ....] to the right of Total Tendon Area
Tendon Area dialog box> Strand Diameter>12.7mm (0.5”)
Number of Strands>14
Click
Select Relaxation Coefficient
Relaxation Coefficient>Magura>45
Ultimate Strength>270
Yield Strength>243

Click 0K ]

Add/Modify Tendon Property

Tendon Tvpe
Tendon Mame | TH
Tendon Type |InternaI(Pre—Tensi0n) j
Material |3— 3 Tendon - J
Tokal Tendon Area 2.142011284022 iz EI
Strand Diametet ,m in
|vw Relaxation Coefficient |Magura ﬂ |45 ﬂ
Ulkimate Strength 2 kipsfin
Yield Strength 243 kipsfin®
Curvature Friction Fackor '7
‘Wobble Friction Factor li 1in
External Cable Moment Magnifier li kipsfin
Tendon Area
Anchorage Slip(Draw in) Bond Tvpe
Begin ¢ ’7 in O Skrand Diameter ! 12.7mm(0.5" =
End : in > Mumber of Strands : 14| =
oK | Cancel | Apply | Ok | Cancel |

Figure 20 Add/Modify Tendon Property Window
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Tendon Property dialog box>Click |;
Tendon Name>TS

Tendon Type>Internal (Pre-Tension)

Material>3: Tendon

Click ...| to the right of Total Tendon Area

Tendon Area dialog box> Strand Diameter>12.7mm (0.5)
Number of Strands>34

Click

Select Relaxation Coefficient

Relaxation Coefficient>Magura>45

Ultimate Strength>270

Yield Strength>243

Click Close

Toggle off | ." Node Number

Toggle on 2. Element Number

Click & Top View

Click &% Select Identity-Elements

Select Identity dialog box>Select Type>Section
Click “1: Interior Precast Beams”

Click “2: Exterior Precast Beams”

Click __ #dd |

Click Close |

Click 1= Activate
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In the Tree Menu: Static Loads>Prestress Loads># Tendon Profile
Tendon Profile dialog box>Click |; =
Tendon Name>TH1
Group>Tendonl
Tendon Property>TH
Click in Assigned Elements
Select Window [ > Elements 1t023by?2
Input Type>3-D
Curve Type>Spline
Profile>Reference Axis>Straight
Enter the following data in the Profile window:
wim) | v | zim | x| Ryldes) | Redeq |
00000 00000 640000 [ 000 000
582.000 0.0000 140000 # 000  0.00
870.000 0.0000 140000 F 000  0.00
145200 00000 640000 [ 000  0.00
r

Figure 21 TH Tendon Profile Data

Profile Insertion Point>-6, 0, -52.79
x-Axis Direction>X

Click

Note:

An insertion point is used as a point of reference for the tendon profile in the
Global Coordinate System (GCS). Only one profile is needed for a precast beam in
spite of the number of elements (four in this example) that we are using to model it.

As it is shown in Figure 19, the insertion points of both exterior and interior girders
are located at the bottom of the lower flanges. However, the vertical (Z-axis)
coordinate of these points are different. This is because the distances from the
neutral axis to the bottom fiber are not the same due to the differences in their
respective effective widths of concrete slab.

Tendon Profile dialog box>Select TH1
Distance>0, 108, 0

Click _Copy / Move |

Select TH1-Copy

Click Modify |

Tendon Name>Change to TH2

Group> Change to Tendon2

Click in Assigned Elements

Click @/Unselect All

Select Window [ > Elements 25to69by4
Profile Insertion Point>Change to -6, 108, -54.57
Click OK.
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Tendon Profile dialog box>Select TH2
Click = Copy / Mave |

Select TH2-Copy

Click Modify |

Tendon Name> Change to TH3

Group> Change to Tendon3

Click in Assigned Elements

Click @/Unselect All

Select Window [+ > Elements 26to70by4

Click QK |

Use the same method described above to generate profiles for tendons TH4 & THS5.
Change Group to Tendon4 and Tendon5 for TH4 and TH5, respectively.

Tendon Profile dialog box>Select TH5
Click _Copy / Move |

Select TH5-Copy

Click Modify |

Tendon Name> Change to TH6

Group> Change to Tendon6

Click in Assigned Elements

Click @/Unselect All

Select Window [ > Elements 2to24by?2
Profile Insertion Point>Change to -6, 540, -52.79
Click Ok |

Figure 22 Add/Modify Tendon Profile Window

Tendon Profile dialog box>Click Add |
Tendon Name>TS1

Group>Tendon7

Tendon Property>TS

Click in Assigned Elements

Select Window [ > Elements 1t023by?2

Input Type>3-D

Curve Type>Spline

Profile>Reference Axis>Straight

Enter the following data in the Profile window:

X ¥ = fix g2 i3
(in} (in} (in} [deg]| [deq]
0.0000 00000 4.0000 [ 000 000
145200 00000 40000 [ 000 000

r

‘W|f‘~"|—L
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Add/Modify Tendon Profile g|
Tendon Mame [THU Group: |Tendomt = J
Tendon Property ™H - J
Assigned Elements : | 1toz3by2

Input Type Straight Length of Tendon
{150 150 Begin : lﬂi in
Cufr:es;}ﬁ: ¢ Round End : o in
[™ Typical Tendon [ 4
Lead Length

User defined Length | Begin: |0 End: |0 in

Prafile

Reference Axis : (¢ Straight ¢ Curve  Element
¥ oss.2077 o
-11.592% -
-111.692 +————+———t————————
o zo0 500 F00 1100 190t
Z 88.3077 4
e I O B o e
-11.592% -
-111.692 +————+————
o zo0 500 F00 1100 a0,

win) | vin) | z0m) | fx] Ryldes] | Rzideg] | 4

|‘-"|"“|“—’|"J|—‘

Point of Sym.:  { First + Last Iake Symmetric Tendon

Prafile Insertion Point -6, 0, -52.79 in

x Axis Direction e R % O Weckor
% Axis Rot, Angle a 4::| [deq] ™ Projection

Grad, Rot, Angle ¥ - i} 4::| [dea]

0.0000 0.0000 64.0000 [ 0.00 0.00
582.000 0.0000 14.0000 [ 0.00 0.00
§70.000 0.0000 14.0000 [ 0.00 0.00
1452.00 0.0000 64.0000 [ 0.00 0.00

r

v

[o]'4 | Cancel | Apply |

Figure 23 TS Tendon Profile Data

Profile Insertion Point>-6
x-Axis Direction>X

Click

Tendon Profile dialog box>Select TS1
Distance>0, 108, 0
Click = Copy / Mave |

Select TS1-Copy

, 0,-52.79

Tendon Name>Change to TS2
Group> Change to Tendon8
Click in Assigned Elements
Click g@/Unselect All
Select Window [ > Elements 25to69by4
Profile Insertion Point>Change to -6, 108, -54.57

Click 0K, |
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Tendon Profile dialog box>Select TS2
Click = Copy / Mave |

Select TS2-Copy

Click Modify |

Tendon Name> Change to TS3

Group> Change to Tendon9

Click in Assigned Elements

Click @/Unselect All

Select Window [+ > Elements 26to70by4
Click OK |

Use the same method described above to generate profiles for tendons TS4 & TS5.
Change Group to Tendon10 and Tendon11 for TS4 and TS5, respectively.

Tendon Profile dialog box>Select TS5
Click _Capy / Move |

Select TS5-Copy

Click Modify |

Tendon Name> Change to TS6

Group> Change to Tendon12

Click in Assigned Elements

Click @/Unselect All

Select Window [ > Elements 2to24by?2
Profile Insertion Point>Change to -6, 540, -52.79
Click Ok |

Click Close |

Visually verify that the tendon profiles have been entered correctly.
Click & Iso View

In the Tree Menu: Click Works tab

Prestressing Tendon>i Tendon Profile

Right-click mouse and select Display

Click p Initial View

In the Tree Menu: Click Menu tab

Static Loads>Prestress Loads>&: Tendon Prestress Loads

Load Case Name>Prestress

Load Group Name>Prestress

Select Tendon for Loading>Tendon> Select all tendons (TH1~TH6, TS1~TS6)
Click ]

Stress Value>Stress

1st Jacking>Begin

Begin>183.9

End>0
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Click __Add
Click _Llose

Node l Elementl Boundary l Mass Load I

|Tendon Prestress Loads = J

Load Case MName

“Prestress =1 _I

Load Group Mame
ﬁPrestress =l |
—Select Tendon for Loading
Tendon Selected

arme Marne -
TH1

j THZ ==
THa
THS
THR hd
N R [ ;I_I
—Stress Walue
& Stress " Force

1st Jacking Im
Begin IW kips/in?
End [T Kps/ine
Grouting ¢ after m Stage

Tendon [ Type  [Load .. [=
T36 Stress Prestr,.,
TSR Stress Prestr..,
154 Stress Prestr..,

T53 Stress Prastr,,,

TsE Stress Prestr,,, ¥

4 | »
add | Modify | Delste |

Close |

Figure 24 Tendon Prestress Loads Window

Moving Loads:

Click p Initial View
Click [ Top View

Click % Activate All
Click = Element Number

In the Tree Menu: Click Group tab
Right-click & Structure Group
Select New...

Name>Cross Beam
Suffix>1to5

Click __#dd
Click _Llase
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Mame |Cross Beamb

Suffis |1t05
{ Example 1356 7t0 20 by 2

Cross Beamn ]
Ernss Eeam%
ross Beam Ko dif
ross Beamd iy

f kel

Delete

Celete Inv

P EREE

Close

Figure 25 Define Structure Group Window

Select Intersect  :k > Elements 73to85
“Drag & Drop” Cross Beam 1 from the Tree Menu to Model View.

viofSnap | UCS/GCS | View Co...| Activation

EEELT PR =R

i Wizard | Node | Elemert | Property | BCMass  Stage [ Load | Moving | Settlement | Result | Influsnce Lines/Surfaces | Query

F: gase BB L] D A e |

iDER 2. SRIGEEILER AE0 6 BY BHE G| § %A - | e[E] & |
Tree Menu BX q &1 Model View } b ox ,ﬁ’
Menu | Tables | Group | Warks 1
£ Stucture Andlysis %
+ B Configuration B
+ &) Geomely
+) % Static Loads B
+} Te Respanse Spectium Analysis B
+ g Time History Analysis =
+ @5 Moving Load énalysis Au
+ IIT Gettlement Analysis Data —
1 A5 Composite Section Analysis Data B
+ g Heat of Hydration Analysis Data 2 4 é S 10 12 14 16 12 a0 22 24 (fﬁ
+ B MorrLinear Analysis Data P
+ [ Construction Stage Analysis Data al & & & & = = & il 2 & & = o~
& | _| Rzl % 3 % ) ) 4 52 5 50 64 53 fes —
+ Jilf Design i
* L Quey o B = E E = E B 5 5 g B 3 &
27 31 35 38 43 47 L 55 39 63 &7 s
o ol = of - . o - - ol o - -
2 E g E el = E g g g = = B
% ! 7 ® | 4 46 50 54 58 52 66 i
| |
) % 8 % B 5 5 5 3 5) ) 5| &
23 20 a3 a7 41 45 49 33 37 il i) 2 -
Iy = | | = P @ = | o © | o -
EJ & @ & IS i & =| = b & & B 4
T 3 5 7 9 1 13 15 17 19 2 il '
Q¢
Message Windaw 2 x
i Command Message }\ Analysis Message |

JLel |
For Help, press F1 ] ] Nonel | Ui 1200.767, -312.2047 1 1200.787, -212.2047 [ Kips = |[in =] ] 4] 2 l|[rone=] 10 =12 =
Figure 26 Assignment of Cross Beam Groups

Select Intersect | :iz > Elements 86t098
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“Drag & Drop” Cross Beam 2 from the Tree Menu to Model View.
Repeat the steps to define Groups Cross Beam 3, Cross Beam 4 & Cross Beam 5.

The assignment of elements to groups can be verified by double-clicking each of
the Groups in the Tree Menu and displaying their elements in the Model View.

Note:

To increase the accuracy of vehicular live load analysis, the number of Cross
Beams may be increased. This can be done by providing large number of equally
spaced fictitious “Cross Beams™ in the transverse direction, having weight density
= 0. The depth and width of these “Cross Beams™ will be equal to the deck slab
thickness and center-to-center distance between the “Cross Beams™, respectively.

Tools / Unit System

Length>ft; Force (Mass)>kips
Toggle on | ." Node Number
Toggle off |.Z. Element Number

In the Tree Menu: Click Menu tab
Moving Loads Analysis> & Moving Load Code .
Select Moving Load Code dialog box>Moving Load Code>AASHTO LRFD

16.5'

28.5'

Lane 4 Lane 3 Lane 2 Lane 1 15
I 12' | 12' 1 12' I 12'
T T e
| | | L~
[t | | n
L I
| | | |
i i e
| |
| f

40.5'

Figure 27 Traffic Lanes and their Eccentricities

Moving Loads Analysis>&= Traffic Line Lanes .
Traffic Line Lanes dialog box>Click __Add |
Lane Name>Lane 1
Eccentricity>-4.5
Vehicular Load Distribution>Cross Beam
Cross Beam Group>Cross Beam 1
Moving Direction>Both
Selection by>2 points
Click in the first box below
Select Window [ > Nodes 1 and 29
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Click __&dd
Click QK. |

Define Design Traffic Line Lane E|

Lane Mame : | Lane 1

Traffic Lane Properties

SiI:aPt End

a * Eccentricity

Eccentricty 0 ft

Wehicular Load Distribution
(" Lane Element (¥ Cross Beam
Cross Beam Group
|Cross Beaml ﬂ
Skew

Start|D :l End |EI j[deg]

Maving Direction
" Forward " Backward (* Both

Selection by
fe ZPoinkts  Picking " Mumber

[o,0,0 it
|o,0,0 ft
Operations
Add | Insert Delete
Eccen. ”
Mo Elem
it
1] 1 45
2 3 -4.5
3 ] -4.5
4 7 -4.5
] q -4.5 »
(o] 4 | Cancel |

Figure 28 Definition of Design Traffic Line Lanes

Traffic Line Lanes dialog box>Click __ Add |
Lane Name>Lane 2

Eccentricity>-16.5

Vehicular Load Distribution>Cross Beam
Cross Beam Group>Cross Beam 2

Moving Direction>Both

Selection by>2 points

Click in the first box below
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Select Window [ > Nodes 1 and 29
Click ~ &dd
Click 0K |

Traffic Line Lanes dialog box>Click __ Add |
Lane Name>Lane 3

Eccentricity>-28.5

Vehicular Load Distribution>Cross Beam
Cross Beam Group>Cross Beam 4

Moving Direction>Both

Selection by>2 points

Click in the first box below

Select Window [ > Nodes 1 and 29

Click __ Add

Click OK

Traffic Line Lanes dialog box>Click __ Add |
Lane Name>Lane 4

Eccentricity>-40.5

Vehicular Load Distribution>Cross Beam
Cross Beam Group>Cross Beam 5

Moving Direction>Both

Selection by>2 points

Click in the first box below

Select Window [ > Nodes 1 and 29

Click __&dd |

Click Ok,
Click = Cloze
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In the Tree Menu: Moving Load Analysis > g Vehicles J
Vehicles dialog box>Click | Add Standard |

Standard Name>AASHTO LRFD Load

Vehicular Load Name>HL-93TDM

Vehicular Load Type>HL-93TDM

Dynamic Allowance: 33 (%)

Click OK |

Define Standard Vehicular Load E|
Standard Mame
|AASHTO LRFD Load |
wtehicular Load Properties
Wehicular Load Mame : | HL-92TDM
Wehicular Load Type : |HL-93TDM ﬂ
Drynamic Load Allowance 33 %
F1 ]
T l Vl
¥ b ¥
L ]
T 1
Mo | Load(kips) | Spacingift) | W | 0.64 kips/ft
e
Pm |0 kips
dwl |0 kips{ft
dol |0 ft
dwz |0 kips/ft
doz |0 ft
K | Cancel | |

Figure 29 Definition of Standard Vehicular Loads

Vehicles dialog box>Click ___Add Standard |
Standard Name>AASHTO LRFD Load
Vehicular Load Name>HL-93TRK
Vehicular Load Type>HL-93TRK

Dynamic Allowance: 33 (%)

Click Ok

Click Close |
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In the Tree Menu: Moving Load Analysis > & Moving Load Cases

Moving Load Cases dialog box>Click __ Add |
Load Case Name>MLC
Enter the following data in the Multiple Presence Factor window:

—Multiple Presence Factor

Murn of Loaded Lanes  Scale Factar
| 1 [1.2

| : [

| 3 [0.55

| >3 [0.55

Figure 30 Multiple Presence Factors

Sub-Load Cases>Loading Effect>Independent

Click | &dd

Sub-Load Case dialog box>Vehicle Class>VL:HL-93TDM

Scale Factor>1

Min. Number of Loaded Lanes>1

Max. Number of Loaded Lanes>4

Assigrﬁt Lanes>List of Lanes>Select all lanes (Lane 1, Lane 2, Lane 3, Lane 4)
Click _=*

Click 0K |

Define Moving Load Case dialog box>Click ﬂl

Sub-Load Case dialog box>Vehicle Class>VL:HL-93TRK

Scale Factor>1

Min. Number of Loaded Lanes>1

Max. Number of Loaded Lanes>4

Assignment Lanes>List of Lanes>Select all lanes (Lane 1, Lane 2, Lane 3, Lane 4)
Click = |

Click 0K

Click Close |
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ML

Load Case Mame :

Description : |

—Multiple Presence Factor

Murn of Loaded Lanes  Scale Factor

| 1 [Tz
| 2 [

[ 3 [0
[ >3 [0Es

—Sub-Load Cases

Loading Effect
’7 ¢ Combined & |ndependent

Vehicle class [ Scale [ Lanel
WLHL-S3TDM 1 Lane 1
WLHL-S3TRK. 1 Lane 1
N 2
Modify |  Delete |
Ok | LCancel | Apply |

—Load Case Data

Scale Factor

Yehicle Class :  [F/HTRSERTTAI-MNG— |
Y

Min, Mumber of Loaded Lanes ! Il—
tax, Mumber of Loaded Lanes |4—

—&ssignment Lanes
List of Lanes

Selected Lanes

Lane 1
Lane 2
Lane 3
Lane 4

[
<]

ok ]

Cancel I

Figure 31 Definition of Moving Load Cases
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Construction Stage Analysis Data

Three stages are defined to model the bridge during construction. Details of the
construction stages are shown below:

Stage Day | Description

Placing of precast beams and cross beams.

Stage 1 (30 days) 1 Prestressing of strands.

21 | Pouring deck slab.

Stage 2 (30 days) 1 Composite beam & slab behavior takes place.

1 Installation of barrier.

6 Placing of wearing surface.

Stage 3 (10000 days) - -

Note: Age of all precast members (precast beams & cross beams) is 7 days at the time of
placing (1st day of Stage 1).
Table 1.2 Construction Stages

Groups:

In the Tree Menu: Click Group tab
Right-click & Structure Group
Select New...
Name>All
Click ___ Add
Click __ Elase
Click @ Select Al
“Drag & Drop” All from the Tree Menu to Model View

Right-click # Boundary Group
Select New...

Name> Supports

Click  Add
Click | Llose
Click @ Select All

“Drag & Drop” Supports from the Tree Menu to Model View
Select Boundary Type dialog box>Support

Click| 0K
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Define Construction Stages:

In the Tree Menu: Click Menu tab
Construction Stage Analysis Data > F Define Construction Stage

Construction Stage dialog box>Click

Stage>Name>Stage
Stage>Suffix>1to3
Save Result>Stage, Additional Steps (on)

Click_0K__]

Construction Stage dialog box>Click __ &dd |
Stage>Stage 1

Name>Stage 1

Duration>30

Additional Steps>Day>21

Click = Add |intheAdditionaI Steps window

Click Element tab

Group List>All

Activation>Age>7

Click  &dd | in the Activation window

Click Boundary tab
Group List>Supports
Support/Spring Position>Deformed

Click Add |intheActivationWindow

Click Load tab

Group List>PC & C/B

Click = Add | in the Activation window
Group List>Prestress

Click  A&dd | in the Activation window
Group List>Deck

Active Day>21

Click = Add in the Activation window
Click

Construction Stage dialog box>Click Add |
Stage>Stage 2

Name>Stage 2

Duration>30

Additional Steps>Day>6

Click ___&dd  |in the Additional Steps window
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Click Load tab

Once activated, the Element, Boundary and Load groups remain active unless they
are specifically deactivated.

Group List>Barrier

Click ___ &dd | in the Activation window

Group List> Wearing Surface

Active Day>6

Click Add in the Activation window

Click

Compose Construction Stage fgl
Stage Additional Steps
Stage mj‘ Day : ,D|7 add Delete
Marne ,Stageli { Example: 1,3, 7, 14 ) TModify Clear
Duration ; 30 4::| dav(s) Step Day

Auko Generation 1 z1

Step Number ] E|Z

enerake Steps |

Save Result

[ Stage [ Additional Steps

Current Stage Information. ..

Element ]Boundary] Load |

Group List . Activation Deackivation
Crass Beaml Element Faorce
Cross BeamZ , l—_~l iebribubion | 100 —1
Crose Boam3 Age @ |0 oy dayis) Redistribution : ol
Cross Beamnd i i
Cross Beams Group List iaroup List

Marme | Age | Marme | Redist, |

all 7

Aadd | TModify | Delete | Aadd | Modify | Delete |
CE | Cancel | Appky |

Figure 32 Definition of Construction Stage 1
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Compose Construction Stage E|

Stage additional Steps
Skage Stage 2 b j By ¢ |07 Add Delete
Mame ’StageZi { Example: 1,3, 7, 14 ) TModify Clear
Duration : ’m daw(s) Step Day

Auka Generation 1 ]

Step Mumber 0 E

Generate Steps |

Save Result

v Stage [ additional Steps

Current Stage Information. ..

EIement]Boundary Load ]

Group List J Activation Deactivation
P & CJR
E::sl?:ress Active Day : First :|v dayls) Inactive Day : m dayis)
Group Lisk Group Lisk
Mame | Draw | Hame | Diay |
Barrier First

\Wearing surface &

Add | Modify| Delete| add | Modify| Delete|

[a]'4 | Cancel | Apply |

Figure 33 Definition of Construction Stage 2

Construction Stage dialog box>Click Add |
Stage>Stage 3

Name>Stage 3
Duration>10000

Click OK. |
Click  Close
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In the Tree Menu: Construction Stage Analysis Data > [@ Composite Section for

Construction Stage

Composite Section for Construction Stage dialog box>Click __ Add |
Active Stage>Stage 1

Section>1: Interior Precast Beams

Composite Type>Normal

Construction Sequence>Part>1:
Material Type>Material
Material>2:Precast

Composite Stage>Active Stage
Age>7

Construction Sequence>Part>2:
Material Type>Material
Material>1:Deck

Composite Stage>Stage 2
Age>10

Click
AddiModify Composite Section for Construction Stage @

Ackive Stage |Stage 1 ﬂ
Section |1 |1: Inkerior Precasj
Compasite Type |Normal ﬂ
Section Type Composite
Section Shape CPCI
Element List 25to72
Construction Sequence
Material ) Composite : Stiff. |Comp.
Part Type Material Stage Age h Stiff. scale | stit
1 | material ﬂ 2 Preca Active Stage 7601
2 | material 1. Deck Stage 2 10 7.40
oK | Cancel | Apply |

Figure 34 Composite Section 1 (Interior Precast Beams) during Construction Stages

41



SINGLE SPAN COMPOSITE PRECAST BEAMS AND DECK SLAB BRIDGE

Composite Section for Construction Stage dialog box>Click __#dd |
Active Stage>Stage 1

Section>2: Exterior Precast Beams

Composite Type>Normal

Construction Sequence>Part>1:
Material Type>Material
Material>2:Precast

Composite Stage>Active Stage
Age>7

Construction Sequence>Part>2:
Material Type>Material
Material>1:Deck

Composite Stage>Stage 2
Age>10

click[_0K__|
Click Close |

Add/Modify Composite Section for Construction Stage @

Active Stage |Stage 1 ﬂ
Section ] |2t Exterior Preca: = |
Composite Type |N0rrna| ﬂ
Section Type Composite
Section Shape CPCI
Elernent List 1ko24

Conskruction Sequence

Waterial ) Composite ) Stiff. | Comp.
Fart Type Material Stage Ange h SHiff. Seale | otif
1 |Material 2:Preca  Active Stage 7 B.01
2 |Material 1: Deck Stage 2 10 7.40

Ok | Cancel | Apply |

Figure 35 Composite Section 2 (Exterior Precast Beams) during Construction Stages
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In the Main Menu: Analysis / Construction Stage Analysis Control
Final Stage>Last Stage
Analysis Option>Include Time Dependent Effect (on)
Time Dependent Effect>Creep & Shrinkage (on)
Type>Creep & Shrinkage
Auto Time Step Generation for Large Time Gap (on)
Tendon Tension Loss Effect (Creep & Shrinkage) (on)
Variation of Comp. Strength (on)
Tendon Tension Loss (Elastic Shortening) (on)
Frame Output>Calculate Output of Each part of Composite Section (on)

Load Cases to be Distinguished from Dead Load for CS Output:
Load Case>Wearing Surface

Click __ Add

Load Case>Barrier

Click _ Add

Click

Beam Section Property Changes>Change with Tendon
Save Output of Current Stage (Beam/Truss) (on)

Construction Stage Analysis Control Data E|
Final Stage Monlinear Analysis
e Lask Stage " Other Stage Murnber of Load Steps
P — Maximum Mumber of Iterations) Load Step : |
[ Include Monlinear Analysis Convergence Criteria -
o r v oo
- - oo
r~ Cable-Pretension Force Control
v Include Time Dependent EFfect {+ Internal Force " External Force {+ i

Time Dependent. Effect Frame Qutput

v Creep & Shrinkage [~ Calculate Concurrent Forces of Frame
Type Iv Calculate Output of Each Part of Composite Section
" Creep " Shrinkage {* Creep & Shrinkage

Load Cases to be Distinguished from Dead Load For C.5. Output

Creep Load Case : Deck j Load Case add

Convergence for Creep Ikeration e S
Mumber of Iterations: 5 4: Tolerance 0.01 Barrier Delete |

[~ Only User's Creep Coefficient
[ Internal Time Step for Creep : l—_J Load Type For .5, (Erection Load) : |Dead Load of Wearing Surfaces antj
Iv &uto Time Step Generation For Large Time Gap [~ Convert Final Stage Member Forces ta Initial Forces For Post C.5.

T : Time Gap T= 10 2 5:' T =100 3 ¥

=
7 —=1 m =
U iy = U SE = [ Initial Tangent Displacement For Erected Structures

T 10000 |20 = P ~ [T
[v Tendon Tension Loss Effect { Creep & Shrinkage ) r

[ Consider Re-Bar Confinemnent Effect

[ Consider Stress Decrease at Lead Length Zone by Post-tension
Iv ‘ariation of Comp, Strength o o

[v Tendon Tension Loss EFfect { Elastic Shortening ) e Seim ey EEr s

™ Caonstant ¥ Change with Tendon

v Save Output of Current Stage(BeamTruss)

Remaove Construction Stage Analysis Contral Data | oK | Cancel

Figure 36 Construction Stage Analysis Control Data
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Perform Structural Analysis

In the Main Menu: Analysis / 2 Perform Analysis
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Verification and Interpretation of Results

Load Combinations:

Select the Post Construction Stage (|F'c'stl25 vI).
In the Tree Menu: Click Menu tab.
Results>[it] Combinations 4

Load Combinations dialog box>General tab>Click __ &uto Generation, .,
Option>Add

Add Envelope (on)

Code Selection>Concrete

Design Code>AASHTO-LRFDO02

Manipulation of Construction Stage Load Case>CS Only

Note:

Do not select ““ST+CS”” option (Static Load + Construction Stage) since the output
will be misleading. “Bridge Deck” and “PC & C/B” have been defined as both
“Dead Load of Components and Attachments (DC)” as well as ““Construction Stage
(CS) Loads™. Similarly, “Wearing Surface and “Barrier’ have been defined as both
“Dead Load of Wearing Surface and Utilities (DW)” as well as “Erection Loads
(EL)”. (Refer to ““Loading Data” and Figure 36 for details). Thus, these dead loads
will appear twice in the output if the “ST+CS”” option is selected.

Load Modifier>1

Load Factors for Permanent Loads (Yp):
Component and Attachments>Load Factor>Both
Wearing Surfaces and Utilities>Load Factor>Both

Condition for Temperature, Creep, Shrinkage Factor>Deformation Check
Click OK
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Automatic Generation of Load Combinations E|
Option
* add " Replace [v Add Envelope

Code Selection
" Steel (¢ Concrete " SRC "

Diesign Code ABSHTO-LRFDOZ |

Manipulation of Construction Stage Load Case
™ ST Only (* CSOnly (" ST+CS
ST : Static Load Case 5 : Construction Stage

[ Wil Execute Construction Stage Analysis
[ Consider Losses for Prestress Load Cases

Load Modifier ! 1

Load Factars for Permanent Loads (¥p)

Type of Load Load Fackar
MMax Min Bath
Component and Attachments " 125 " poo i
Downdrag i i v
Wearing Surfaces and Utilities 150  0B5 0+
Hotizontal Earth Pressure
{+ i i {+
i i i (v
Wertical Earth Pressure
{+
i i i {+
i i i (v
i i i {s
i i i {s
i i i {+
i i (v

Earth Surcharge

Load Factar for Settlement :

[ Structural Plabe Box Struckures{Mekal Box Cubvarts)
Condition for Temperature, Creep, Shrinkage Factor
{+ Deformation Check " Al Other Effects

074 | Cancel |

Figure 37 Generation of Load Combinations
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Combinations
General |Steel Design | Concrete Design | SRC Design |
Load Combination List Load Cases and Fackors
No Name | Active | Type ‘ Descr ™ LoadCase | Factor | k!
» 1jgLCBT  |Active  Add Strength-1:1 75M[1]+1.25(c0)+ | P |MLC(N 1.7500
2|gLCB2  Active  Add | Strength-1:1.75M[1]+1.25(cD)+0 | |Dead Load{ | 1.2500
3|gLCE3  Active |Add | Strength-:1.75M[1]+0.90(cD)+ |__ |Erectionla | 1.5000
4|gLCE4  Active | Add Strength-1:1.75M[1]+0.90(cD)+0 | |Tendon Se 1.0000
S[gLCES  Active  Add | Strength-l1:1.35M[1]+1 25(c0)+1 | |Creep Seco 1.2000
BlgLCBE  Active  Add  Strength-ll:1.35M[1]+1 25(c0)+ | |Shrinkage 1.2000
FloLCET  Active  Add  Strength-11:1.35M[1]+0.50(cD)+1 L * |
B{gLCES  Active  Add | Strength-11:1.35M[1]+0.50(c0)+
IgLCEI  Active  Add Strength-1v:1.25(cD)+1.50(cEL):
10]gLCE1D Active  Add (Strength-Iv:1 25(cD)+0.B5(cEL)
11]gLCB11 | Active  |Add | Strength-Iv:0 80(cD}+1.50{cEL}:
12|gLCE12 Active  Add Strength-%v:0.90(cD)+].65(cEL):
13|gLCE13  Active  Add | Strength-Iv:1 80(cDj+1.50(cEL):
14]gLCE14  Active Add | Strength-Iv:1.50(cD)+0.B5{cEL):
15|gLCB15 Active | Add ‘Service-|:1.00M[1]+1.00(cD)+1.C
16| gLCE1E6 Active Add Service-ll:1.30M[1]+1.00(cD)+1.1
17]1gLCB17  Active | Add Service-[I1:0.80M[1]+1.00(cD)+1.
18] gLCE1E  Active  Add Fatigue:0.75M[1]
19| RC ENY Active  Ervelope  Concrete Strength Envelope
20|RC EMY Active  Envelope  Concrete Serviceability Envelops
*
N b
Copy | Irnport. .. | Auko Generation.. ., Spread Sheet Farm Copy into | ’WI
File Marne; |C:'I,Program Files\MIDAS\MIDAS Civilladvanced Applice Browse I Make Load Combination Sheet | Close I

Figure 38 Auto Generated Load Combinations

Combinations
General | skeel Dresign ] Concrete Design I SRC Design ]
Load Combination Lisk Load Cases and Factors
No Name | Active| Type | Descr LoadCase | Factor e

1|glCB1  Active  Add Strengthel:1.75M[1]+1.25(cD)+1 P |gLCBI(CE) 1.0000
2[glCB2  Active  Add Strength-1:1.78M[1]+1.25(cD)+0 __ |aLCB2(CE) 1.0000
J|gLCB3  Active  Add Strengthel:1.75M[1]+0.90{cD)+1 __ |alCB3(CE) 1.0000
AlglCB4  Active  Add Strength-1:1.78M[1]+0.90(cD)+0 __|aLCB4(CE) 1.0000
5|gLCBS  Active  Add Strength-11:1.35M[1]+1.25(cD)+1 ___ |olCBA(CE) 1.0000
BlgLCBE  Active  Add Strengthe1l:1.35M[1]+1.25(cD)+ __ |gLCBB(CE) 1.0000
7|gLCBY  Active  Add Strength-11:1.350[1]+0.90(cD)+1 ___ |aLCB7(CE) 1.0000
8|gLCBE  Active  Add Strengthell:1.35M[1]+0.20(cD)+  |gLCBa(CE) 1.0000
S|glCBY  Active  Add Strength-1v: 1.25(cD)+1.50{cEL) __ |aLCBI(CE) 1.0000
10]gLCB10  Active  Add Strength-Iv:1.25(cD)+1.B5(cEL) __ |gLCBI0(CE 1.0000
11{gLCB11  Active  Add Strangth-1v:0.90(cD)+1 50{cEL) __|aLCBI1iCE 1.0000
12|gLCE12 Active  Add Strength-1v:0.90(cD)+1 B5(cEL) __ |olCB1Z(CE 1.0000
13|gLCB13  Active  Add Strength-Iv:1.50(cD)+1 50{cEL) __ [glCBI13(CE 1.0000
14|gLCE14  Active  Add Strength-Iv:1.50(cD)+1.B5(cEL) __ |aLCB14{CE 1.0000
15|gLCB1S  Active  Add Service-1:1.00M[1]+1.00(cD)+1.0 k3
16{gLCE16 Active  Add Service-1:1.30M[1]+1.00(cD)+1 1
17|gLCB17  Active  Add Service-lll:0.80M[1]+1.00(cD)+1.
18{gLCE18 Active  Add Fatigue:0.75M[1]

» 19{RC ENY Active  Envelope  Concrete Strength Envelope
20|RC EMY Active  Erwelope | Concrete Serviceability Envelop:

*

w b
Copy | Import... AUto Generation. . Spread Sheet Form Copy into | Steel Design -
File Mame: ‘ C:lProgram FilesiMIDASIMIDAS Civilyadvanced Applice Browse: | Make Load Combination Sheet | Close |

Figure 39 Definition of the Envelope
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Click  Spread Sheet Farm |

Change the load factors for the load combinations gLCB15, gLCB16 and gLCB17
(Service I, Il and 111, respectively) as shown in Table 1.3.

This step is required to generate appropriate deformations as per AASHTO-LRFDO02.

The factors for loads not listed in Table 1.3 are zero and their cells can be left blank.

Click Close |

Load MLC Dead | Erection Tgndon Tendon C.reep Creep Shr!nkage Shrinkage
Comb. Load Load Primary | Secondary | Primary | Secondary Primary Secondary
gLCB1 1.75 1.25 1.50 1.00 1.20 1.20
gLCB2 1.75 | 1.25 0.65 1.00 1.20 1.20
gLCB3 1.75 | 0.90 1.50 1.00 1.20 1.20
gLCB4 1.75 0.90 0.65 1.00 1.20 1.20
gLCB5 135 | 1.25 1.50 1.00 1.20 1.20
gLCB6 135 | 1.25 0.65 1.00 1.20 1.20
gLCB7 1.35 0.90 1.50 1.00 1.20 1.20
gLCB8 1.35 | 0.90 0.65 1.00 1.20 1.20
gLCB9 1.25 1.50 1.00 1.20 1.20
gLCB10 1.25 0.65 1.00 1.20 1.20
gLCB11 0.90 1.50 1.00 1.20 1.20
gLCB12 0.90 0.65 1.00 1.20 1.20
gLCB13 1.50 1.50 1.00 1.20 1.20
gLCB14 1.50 0.65 1.00 1.20 1.20
gLCB15 1.00 | 1.00 1.00 1.00 1.20 1.20
gLCB16 1.30 | 1.00 1.00 1.00 1.20 1.20
gLCB17 | 0.80 | 1.00 1.00 1.00 1.20 1.20
gLCB18 | 0.75

Table 1.3 Load Combinations for Construction Stages
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Tendon Time-dependent Loss Graph:

In this tutorial, the prefix TH stands for harped tendon and TS stands for straight tendon.
Animate button can be used to view the Loss Graphs for all the stages for the selected
tendon, sequentially.

In the Tree Menu: Results>Ef Tendon Time-dependent Loss Graph .J
Graph for tendon “TH1” in Stage 1 is automatically displayed.
Tendon>TH2
Stage>Stage 1
Step>Last Step

Clik__fnimate__|

Tendon Time-dependent Loss Graph

rendon ;AN - stace ; [stage 1 = e [z <

Tendon: TH2 Stage:Stage 1 Step:Last Step
2EE.79Z
g 265792 =~ //
M o245 792 \"“,.,__ | st
u """h-..,__h ’__‘./
0 szs.TeE ] i
2 — [
206,732
g
E 286.792
B zgs.n9z
246732
Ll loa Z0a 200 400 s00 &00 a0 s00 Fa0 1000 1100 lzaa 1200 1400
Distanceiin)
Close
Figure 40 Tendon TH2 Loss Graph
Tendon> TS2
Tendon Time-dependent Loss Graph
Tendon : Stage ! |Stage 1 j Step |Last Step j
Tendon: TS2 Stage:Stage 1 Step:Last Step
SET.269
o 77263
& | —
o o7e7.389 ] —r—
o
o
o B77.269
=
B sz7.269
=
a8
& s.269
SE7.263
Ll loa Z0a 200 400 s00 &00 a0 s00 Fa0 PR} 1100 lzaa 1200 1400
Distanceiin)
Close
Figure 41 TS2 Tendon Loss Graph
Click Close |
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Pretension Losses in Tendons:

In the Tree Menu: Click Tables tab.

Result Tables > Tendon > = Tendon Loss .
Click Tendon Group > Tendon 1, Tendon 2, Tendon 3, Tendon 4, Tendon 5,
Tendon 6, Tendon 7, Tendon 8, Tendon 9, Tendon 10, Tendon 11, or Tendon 12.
Click Stage > Stage 1, Stage 2, or Stage 3.

Click

Since losses are calculated using CEB-FIP code, they are different from those given
in the PCI Bridge Design Manual, where losses are calculated using AASHTO code.

4 ‘:ﬁ Model \l'iaw/:i Result-[Tendon Loss {Tendon Group)] I

St.ress Elastic Deform. Loss Stress(Elastic Loss) | Creep/Shrinkage Loss|  Relaxation Loss Stress(All Loss)f
Elem | Part (Imrr:;::;zt;l I}_)oss) (kipsin) Stress (IEnmEdime Luis) ¥ i (kipsin®) Stressumrfwuime L)uss) iR,
The Loss of tendon group [Tendon1)] st the stage of [Stags 1]
J Tendon1 Stage 1 Apply
L 1781563 -0.2930 09983 -4 9623 -2 0167 08591 ‘1.0000
| 1721362 -1 6996 0.9901 -6.8818 -1.6164 0.9405 1.0000
1 1721362 -1.7474 0.9398 -6.5666 -1.8153 0.9406 1.0000
1 1B85.0729 -0.6034 0.9963 -7Aa73 -1.2644 0.9403 1.0000
1 165.0729 -0.6439 0.9961 -7 9576 -1.2635 0.9402 1.0000
157 5059 22285 1.0141 -B5261 -0.9593 08539 ‘1.0000
1575059 21997 1.0140 -8.5209 -0.9556 089535 1.0000
1 150.4389 56827 1.0378 -B77T2 07136 08745 1.0000
_ 1 150.4389 56649 1.0377 -8.7708 -0.7128 0.9746 4.0000
1 147 1889 7 B167 105168 -B7210 -0.6148 089883 ‘1.0000
| 1471839 7 BO73 10517 -B7183 -06146 08383 1 0000
1 1471889 7707 1.0528 -5.5881 -0.6200 0.9903 1.0000
1 1471889 77973 1.0530 -5.5884 -0.620 0.9903 1.0000
1 1471889 76153 1.0517 -8.7189 -0.6147 0.9883 1.0000
1 1471889 7 B400 105189 -B7222 -06152 09385 ‘1.0000
| 150.4389 56303 1.0378 -B7721 -0.7133 09745 1.0000
1 150.4389 57374 1.0381 -B.7796 -0.7143 0.8750 1.0000
_ 1 1575059 22604 1.0144 -8.5230 -0.9595 0.9541 4.0000
1 157 5059 23163 1.0147 -B.5308 -0 8606 08545 ‘1.0000
1650729 -0.5236 08968 -Tar24 -1 2654 0.8409 1 0000
165.0729 -0.4337 0.9974 -7.8855 -1.2670 08413 1.0000
1 1721362 -1.:5302 0.9911 -68815 -1.8187 0947 1.0000
1 1721362 -1.3942 0.9919 -B.9187 -1.6211 0.9423 1.0000
1 1781563 00725 1.0004 -5.0080 -20229 08609 ‘1.0000

Figure 42 Pretension Losses (Stress) in Tendons

4 #  Madel V\ew/‘:ﬁ Result-[Tendon Loss (Tendon Group)] ]
F_orce Elastic Defarm. Loss ForcerElastic Loss)d | Cresp/Shrinkage Loss| Relaxation Loss Force(All Loss)/
Elem Part (\mme?;?;Z)LosS] (kips=) Furce(\;medizﬂe LUSJS) " (kips)g (kips) FDrcE(Imr(nediaie L)DSS) Effective Num.
The Loss of tencon group [Tendon] st the stage of [Stage 1)
Tendond Stage 1 Apply
3516129 -0.6404 09983 -106293 -4.3188 0.9591 1.0000
3687177 -3 6406 04901 147410 34624 0.8408 1.0000
3687177 37420 09898 -14.7084 -3.4509 0.9406 1.0000
5535679 -1.3054 09963 17 0786 27084 0.9403 1.0000
3535879 -1.3792 095961 -17 0666 -2.70B65 0.5402 4.0000
3373793 4.7671 1.0141 -18.2630 -2.0545 0.9539 1.0000
337 3703 47118 10140 -18.2519 20534 09538 1.0000
3222418 121839 10378 18,8009 -1 5286 0.9748 1.0000
3222418 121343 10377 187872 18271 0.9746 1.0000
315 2804 16.3194 1.0518 -18 6804 -1.3172 0.9583 4.0000
3152804 16.2961 1.0517 -18. 6747 -1.3185 0.9553 1.0000
3152804 16.6877 1.0529 184172 -1.3281 0.9903 1.0000
3152804 16.7019 1.0530 184178 -1.3283 0.9903 1.0000
3152804 16.3120 1.0517 -18.E6760 -1.3167 0.9883 1.0000
315 2804 16.3643 10518 -18.6831 -1.3178 08885 1.0000
3222418 121837 1.0378 -18.7900 -1.5279 08748 4.0000
3222418 12.2895 1.0381 -18.8060 -1.5288 0.9750 1.0000
3373793 48417 1.0144 -18.2564 -2.0553 0.954 1.0000
3373793 4.9659 1.0147 -18.2730 -2.0577 0.8545 1.0000
3535879 -1.1216 09968 -17.077 -2.7104 0.9409 1.0000
3535879 -0.9251 049574 71051 -2.7140 08413 4.0000
3687177 -3.2777 049911 -14.7403 -3.4673 08#7 1.0000
3687177 -2.9564 09919 -14.8200 -3.4725 0.9423 1.0000
3516128 01552 1.0004 107271 -4.3331 0.9609 1.0000

Figure 43 Pretension Losses (Force) in Tendons
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Tendon Elongation:

Tools / Unit System
Length>in; Force (Mass)>kips

In the Tree Menu: Click Tables tab.
Result Tables>Tendon>E Tendon Elongation

q {i Model \l'iew/{i Tendon Elongation I

Tendon Elongstion Element Elongstion Summation
Tencon Mame Stage Step Begin Eridl Biegin Endl Begin Enicl
{ir) rin) (im) {ir) rin) (im)

b |TH1 Stage 1 001 (fir =t) 4 EEO4 4 gRO4 0.0315 00315 47419 47419
TH2 Stage 1 001 (fir =t) 4 GEO4 4 G604 0.0315 0.0315 47419 47419
TH3 Stage 1 001 (first) 4 BEO4 4 G604 0.0315 0.0315 47419 47418
TH4 Stage 1 001 (fir =t) 4 EEO4 4 gRO4 0.0315 00315 47419 47419
THS Stage 1 001 (fir =t) 4 GEO4 4 G604 0.0315 0.0315 47419 47419
THE Stage 1 001 (fir =t) 4 BEO4 4 G604 0.0315 0.0315 47419 47418
T=1 Stage 1 001 (fir =t) 4 459 4 F459 01979 01979 48438 48438
T=2 Stage 1 001 (fir =t) 4 6459 4 6439 0.1979 0.1979 48435 48435
T=3 Stage 1 001 (fir =t) 4 6458 4 6438 01978 01979 48435 48435
T54 Stage 1 001 (fir =t) 4 459 4 F459 01979 01979 48438 48438
155 Stage 1 001 (fir =t) 4 6459 4 6439 0.1979 0.1979 48435 48435
T=E Stage 1 001 (fir =t) 4 6458 4 6438 01978 01979 48435 48435

Figure 44 Tendon Elongation
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Influence Line:

Click Model View tab.
Click E Initial View
Click & Iso View
Tools / Unit System

Length>ft; Force (Mass)>kips

In the Tree Menu: Click Menu tab.

Results > Influence Lines > s+ Beam Forces/Moments
Line/Surface Lanes>LANE all

Key Element>13

Scale Factor>1

Parts>j

Components>My

Type of Display>Legend (on)

Click __ #nply

The influence line diagram for moment (My) at the end of Element 13 is displayed.
This position corresponds to the mid-span of one of the interior girders.

&% Civill2006-LAN - [C:\Civil 700 Tutorials\PSC Single Span\PSC Single Span] - [Model View]

O3 Fle Edt Yew Model Load Analysis Resubs Design Mode Query ook Window Help -8
{ Freque.., | Gridisnap | UCS/GCS | Yiew Ca...| Activation | | Wizard | Node | Element | Property | BC/Mass | Stage | Load | Maving | Settlement | Result | Influence Lines/Surfaces | Query
: BB O "I K eocs o | BB it i T b | e b i |
D@ BRiE CEHEREREIBYIRE 4G ¢ - & A=
Tree Menu 2% 4% Model view | P wﬁ’
Infl, Lines ‘InH‘Surf‘ ML Tracer | Batch Conversion MIDAS/Civil i
POST-PROCESSOR i
Beam ForcesfMoments - J . Lo é
Line/Surface Lanes MOMENT-y &)
LARE al -
2 1.39010e+001 |IE)
Key Element: 13 l.zesegeronl |TEy
Scale Factor: 1.000000 1.13428e+001 | dy
1.00187=+001 '_D
Parts ¥
i coape Tt 5.69464=+000 .
C o3 o 7.37085e+000 | %
e —— 6.04546=+000 ;
R CoRy © F2 4.72237e4000 |
Comx & My oM 3.39820=+000 |ERy
Type of Display 2.07419e+000 ﬁ

i | Woiegerd | 0.00000=+000
I [m -5.73981e-001
[ values . T = KET ELEM.= 13
I Include Impact Factor PART= j-node
S5
Write to File... &
Apply Close -
-
Postls
LANE all :
MAX @ None
HIN : None Cr
FILE: PIC SINGLE- | o
UNIT: fr-kips
DATE: o5sz4/2005 | B
VIEW-DIRECTION
“t‘—'
Z: 0,259
Message Window 2 x

[\ Command Message ) Analysis Message [[ENS 7 |
For Help, press FL Mode-23 U: 90, 0, 0 G:90,0,0 kips vlfe =l 4] 2 lfron=] 1M =iz =

Figure 45 Influence Line Diagram
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Moving Load Tracer:

Click MVL Tracer tab.

Select Beam Forces/Moments

Moving Load Cases>MVmax: MLC

Key Element>13

Scale Factor>1

Parts>j

Components>My

Type of Display>Contour (on) ; Legend (on) ; Applied Loads (on)
Click ___#nply

Click Close |

The position of moving loads that generate maximum moment (My) at the end of
Element 13 is displayed. This position corresponds to the mid-span of one of the
interior girders.

&3 Civil 2006-LAN - [C:\Civil 700 Tutorials\PSC Single Span\PSC Single Span] - [Model View]

i0fy Fle Edt vew Model Load Analysis Resuts Design Mode Query Took  Window Help - &

i Freque.., | Grdjsnap | LICS/GCS | View Co...| Activation | | Wizard | Node | Elemert | Property | BCiMass  Stage | Load | Moving | Settlement | Result | Influence Lines/Surfaces | Query

HEAREAE R SR A = B R A R o B J

D& E) x| SGRIBEILEE REO0EIBY D5 AE ¢ - & =

Tree Menu 2% 47 H Model view | i
Infl. Lines | Tnfl. Surf. | MWL Tracer | Batch Conversion MIDAS/Civil

POST-PROCESSOR

B ForcesfMoment: ~ e
2am ForcesfMoments [| HYLD TRAC.

Moving Load Cases NOMENT-y
My MLC hd
1.39910e+001
Key Element: 13 1.27080e+001

Scale Factor: 1,000000 1.14250e+001

1.01420e+001

Parts

Fa o o 8.85903e+000

a4 [ 7. 576048+000
6.233042+000

Components

CRx Ry R 5.01005e+000

Comx & My ©ome 3.72706e+000

2.44407e+000

iB® el d0OF A&

Type of Display

W contour .| K Legend .|
W AppiedLoads ...

r

0.00000e+000

-1.21909e-001

FEY ELEM.= 13

PART= j-node 3
Maximumvalue 1 | 24747004 MAX.VAL. = "l
2.0623e+003
irite MinfMax Load to File >
<=
-
PostCs &
Mmax: MLC '
HAX : Hone
HIN : None Ce
FILE: PSC SDiCiE- | o
UNIT: ft-kips
DatE: os/z472005 | B
VIEW-DIRECTION
X:-0.483 i
G‘__,-v
Z: 0.259
Message Window %

[\ Command Message ) Analysis Message Ikl g
For Help, press FL Hoded | U:0, 27,0 60,27,0 Kips ~|[ft  =| @il 4z »[[ronc~] [l =iz =

Figure 46 Moving Load Tracer
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Stresses in Precast Beams during Construction Stages:

Select Stage 1 in the Toolbar (|5tage1 vI)

Tools / Unit System

Length>in; Force (Mass)>kips

In the Tree Menu: Click Table tab.

Result Tables>Composite Section for C.S.> B Beam Stress .
Records Activation dialog box:
Loadcase/Combination>Summation(CS)
Stage/Step>Stage 1:0003(last) (on) ; Stage 2:0003(last) (on)
Part Number>Part j

Click

Ml Records Activation Dialog

Mode or Element

[ Current Step Result

all | Mone | Inverse | Pres |

| | |1tor2

Select Type

|Element Type ﬂ Add

TRUSS ~

BEAM Delete

PLAME STRESS

PLATE Replace

PLAME STRAIM

AXISYMMETRIC

w Intersect

Loadcase/Combination StagefStep Part Hurnber
[(Dead Load{Cs) [CIPart i
[|Erection Load{C3) [CIPart 1/4
[C1Tendon Primary(C5) : [CPart 2/4
[(1Tendon Secandary(Cs) [ IMim M as mas

[JCreep Primary(iCS)

[(1Creep Secondary(C3)

[C15hrinkage Primary(CS)

[]5hrinkage Secondary(CS
=

Surnmakio

[ IMin/Max: min

Part 344
W

o]

Cancel

Figure 47 Records Activation Dialog Window

The table showing axial, bending and combined stresses for the precast beams (elements
1to72) at their “j” end in construction stages 1 and 2 is displayed.
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w1 Model View/ W Result-[Beam Stress (Section Part)] ] [ 4
Section Axial Bend(+ Bend(- Bend(+z Bend-z. Chimin/ma, Chl(-y+z Chzi =

Eem| | Lz ‘ S ‘ Sk ‘st I (kip=in®) ‘ (klps;nz)) ‘ (klps.Ein\:; ‘ (klpsgin’)j ‘ (k\ps;n’; ‘ (I(upslin’) ’ ‘ (klpts:n’]) ‘ (kip
1 Summatio Stage 1 003(last) 1 J o -1.43e+000 -2.60e-002 2.88e-002 4.97e-001 -3.14e-001 -1.57e+000 -9.08e-001 -8,
1 Summetio Stage 1 003(last) 2 J 0.00e+000 0.00e-+000 0.00e+000 0.00e-+000 0.00e+000 0.00e-+000 0.00e+000 o
1 Summatio Stage 2 003(last) 1 Jd -1.31e+000 -2.50e-002 2.50e-002 5.26e-001 -5.43e-00 -1.87e+000 -7 B3e-001 -8.
1 Summatio Stage 2 003(last) 2 J -8 25e-002 -3.66e-004 3.86e-004 7.13e-003 -7 13e-003 -1.00e-001 -5.50e-002 -8
2 Summatio Stage 1 003(last) 1 J -1.43e+000 2.63e-002 -2.85e-002 4.97e-001 -3.14e-001 -1.86e+000 -9 65e-001 -8,
2 Summatio Stage 1 003(last) 2 J 0.00e+000 0.00=+000 0.00e+000 0.00e~+000 0.00e+000 0.00=+000 0.00e+000 o
2 Summestio Stage 2 003(lzst) 1 J 1.3 e+000 2.49e-002 -2.49e-002 5.26e-001 -5 44e-001 -1.87e+000 -8.13e-001 e
2 Summatio Stage 2 003(last) 2 Jd -9.31e-002 8.56e-004 -8.56e-004 7.13e-003 -7.13e-003 -1.071e-001 -5.68e-002 -8.
3 Summatio Stage 1 003(last) 1 J -1.42e+000 -3.75e-002 375e-002 1.93e-001 -2 00e-001 -1 BSe+000 -1.192+000 -1
3 Summatio Stage 1 003(last) 2 J 0.00e+000 0.00=+000 0.00e+000 0.00e~+000 0.00e+000 0.00=+000 0.00e+000 (k]
3 Summeatio Stage 2 003(last) 1 Jo -1 2Te+000 -3.37e-002 3.37e-002 211e-001 -2.18e-001 -1.51e+000 -1.02e+000 =11
3 Summestio Stage 2 003(lzst) 2 J -1 A40e-001 -6.09e-004 £.09e-004 -9.60e-004 9 B0e-004 -1.41e-001 -1.40e-001 -1,
4 Summatio Stage 1 003(last) 1 Jd -1.42e+000 3.72e-002 -3.72e-002 1.94e-001 -2.00e-001 -1 65e+000 -1.27e+000 -1
4 Summatio Stage 1 003(last) 2 J 0.00e+000 0.00e+000 0.00e+000 0.00e+000 0.00e+000 0.00e+000 0.00e+000 (A}
4 Summatio Stage 2 003(last) 1 J -1 2Te+000 3.34e-002 -3.34e-002 211e-001 -2.18e-001 -1.51e+000 -1.09e+000 =11
4 Summeatio Stage 2 003(last) 2 J -1 A0e-001 7.83e-004 -7 .83e-004 -9.61e-004 9 61e-004 -1.42e-001 -1.42e-001 -1,
S Summeatio Stage 1 003(last) 1 Jd -1.42e+000 -2.92e-002 292e-002 -2.57e-002 2 BBe-002 -1.47e+000 -1.41e+000 -1,
5 Summatio Stage 1 003(last) 2 J 0.00e+000 0.00e+000 0.00e+000 0.00e+000 0.00e+000 0.00e+000 0.00e+000 (ul]
3 Summatio Stage 2 003(last) 1 J -1.23e+000 -2.70e-002 270e-002 -1.73e-002 1 79e-002 -1.28e+000 -1.23e+000 -1
3 Summatio Stage 2 003(last) 2 J -1 FEe-001 -2.29e-004 2.29e-004 -7 06e-003 7 06e-003 -1.64e-001 -1.83e-001 -1,
B Summstio Stage 1 003(lzst) 1 J -1.42e+000 2.89e-002 -2.89e-002 -2.56e-002 2 B5e-002 -1 47e+000 -1.47e+000 -1
E Summatio Stage 1 003(last) 2 Jd 0.00e+000 0.00e+000 0.00e+000 0.00e+000 0.00e+000 0.00e+000 0.00e+000 (ull}
B Summatio Stage 2 003(last) 1 J -1.24e+000 2 GEe-002 -2 BBe-002 -1.72e-002 1. 77e-002 -1 28e+000 -1.26e+000 -1
6 Summatio Stage 2 003(last) 2 J -1 F7e-001 3.72e-004 -3.72e-004 -7 06e-003 7 06e-003 -1.64e-001 -1.84e-001 -1,
7 Summetio Stage 1 003(last) 1 J -1 e+000 -2.05e-002 2.05e-002 -1 BEe-001 1 72e-001 -1.59e+000 -1.55e+000 -1
7 Summestio Stage 1 003(lzst) 2 J 0.00e+000 0.00e+000 0.00e+000 0.00e-+000 0.00e+000 0.00e+000 0.00e+000 (A}
7 Summatio Stage 2 003(last) 1 Jd -1.21e+000 -1.95e-002 1.85e-002 -1.65e-001 1.70e-001 -1.38e+000 -1.35e+000 -1
¥ Summatio Stage 2 003(last) 2 J -2.0e-001 247e-004 -217e-004 -1.12e-002 112e-002 -2.13e-001 -213e-001 |
8§ Summatio Stage 1 003(last) 1 J 1.4 e+000 2.02e-002 -202e-002 -1 GGe-001 1 72e-001 -1.59e+000 -1.59e+000 -1
8 Summeatio Stage 1 003(last) 2 J 0.00e+000 0.00e-+000 0.00e+000 0.00e-+000 0.00e+000 0.00e-+000 0.00e+000 (k]

o 8 Summatio Stage 2 003(last) 1 Jd -1.21e+000 1.93e-002 -1.93e-002 -1.65e-001 1.70e-001 -1.39e+000 -1.38e+000 -1 .
\Beam Slless/ | Al | | L4

Figure 48 Stresses in Precast Beams during Construction Stages
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Bending Moment Diagrams in Precast Beams:

Tools / Unit System

Length>ft; Force (Mass)>kips

Click & Top View

Toggle on |.Z Element Number

Select Window [ > Elements 25t069by4
Click * Activate

Click T& Front View

Click Model View tab.

In the Tree Menu: Click Menu tab

Results > Forces > 1 Beam Diagrams
Load Cases/Combinations>CS: Summation
Components>My

Display Options>5 Points (on) ; Solid Fill (on)
Type of Display>Contour (on) ; Legend (on)
Click ___#pply

The bending moment diagram (My) for the selected interior precast beams (elements
25t069by4) in the current construction stage (Stage 1), and under all the construction
stage loads applied simultaneously, is displayed.
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Figure 49 Stage 1 Bending Moment Diagram of Precast Beams
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Toggle on 4z Active Fix in the Status Bar

Select Post Construction Stage (|F'Dstl25 vI).
Load Cases/Combinations> CBall: RC ENV_STR

Components>M
cick_tosh_]
The post-construction stage (Post CS) envelope of bending moment diagram (My)

under strength condition for the selected interior precast beams (elements 25to69by4),
is displayed.
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Figure 50 Post-Construction Stage Bending Moment Diagram Envelope of Precast Beam
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Shear Force Diagrams in Precast Beams:

Load Cases/Combinations> CBall: RC ENV_STR
Components>Fz

Click|  &pply
Click Close

The post-construction stage (Post CS) envelope of shear force diagram (Fz) under
strength condition for the selected interior precast beams (elements 25t069by4), is

displayed.
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Figure 51 Post-Construction Stage Shear Force Diagram Envelope of Precast Beams
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Reactions:

In the Tree Menu: Click Tables tab.
Result Tables > 4* Reaction 4
Records Activation dialog box>Loadcase Combination>gLCB1(CB:max)

Click
Ml Records Activation Dialog E

Mode or Element

A |

Mone | Inverse|

Pres

I [

Select Type

| 1075

|Element Type

TRUSS

BEAM

PLAME STRESS
FLATE

PLAME STRAIM
ARISYMMETRIC

~|  ad

* Delete
Replace

~|  Intersect

Loadcase/Combination

[Deck{sT)

[Iwearing surface{ST)
[ |BarrieriST)

[ PC 8 C/B(ST)
[JPrestress(ST)

[ |Creep(ST)
[Ishrinkage{sT)
CIraLCiray :ally
CIMLCERY irnas)
CIMLCEMY srind

[ lgLCBL{CE: min)
CoLCEZ(CE:all)
[1aLCE2{CB:rmas;)

]

Cancel |

Figure 52 Records Activation Dialog Box

The table showing the maximum reactions corresponding to Load Combination LCB1
in the post construction stage (Post CS) is displayed.

4 {i Model \n'iew/{’i Result-[Reaction] l

Mode Loz EK FY EE M?{ MY M.E
(kips) (kip=) (kips) [ft-kips) [1t-kip=) (ft-kip=)
4 1 gLCB1(max) -17.190713 18.705436 413591312 0.000000 0.000000 0.000000
2 gLCB1(max) 75.214450 0.000000 493 544096 0.000000 0.000000 0.000000
3 gLCB1(max) 59.972350 0.000000 505548977 0.000000 0.000000 0.000000
4 gLCB1(max) 71.436440 0.000000 508247997 0000000 0.000000 0000000
5 gLCB1(max) 50502015 0.000000 493 545241 0000000 0.000000 0000000
& gLCB1(max) -18.148774 0.000000 413578517 0000000 0.000000 0000000
29 gLCBirmax) 0000000 21 036127 413554554 0000000 0.000000 0000000
30 gLCB1rmax) 0000000 0000000 413555670 0000000 0.000000 0.000000
75 gLCBirmax) 0000000 0000000 493 409544 0000000 0.000000 0.000000
76 gLCB1rmax) 0000000 0000000 505 436341 0000000 0.000000 0.000000
77 gLCBirmax) 0000000 0000000 505436712 0000000 0.000000 0.000000
78 gLCB1rmax) 0000000 0000000 49341 4554 0000000 0.000000 0.000000
] OF REA A PRINTOUT
Fx F
Load (Hips) (Kips)
LB (max) IIA, i,

Figure 53 Post-Construction Maximum Reactions due to Load Combination LCB1
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