AASHTOWare BrD/BrR 6.8.2

Prestress Tutorial 1
Simple Span Prestressed | Beam Example |






PS1 - SimpleSpanPSIBeamExample

Material Properties

Beam Concrete: f'c = 6.5 ksi, f'ci = 5.5 ksi

Deck Concrete: f'c = 4.5 ksi

Prestressing Strand: 1/2" dia., 7 Wire strand, Fu = 270 ksi, Low Relaxation

rr

»

o |

9" 3" 6"
18"
A
3n
A "
A 4

Weight = 300 plf

Parapet Detail

a—

306386 380 380 380 380 028 X X XXX XXX XXX XXX XXX XXX XX
306 30620 20 30 30 200 28 X X X XXX XX XXX XX XXX XXX XXX XXX XX

%
K

30 30 )0
500 %
3060 200
3¢9 30 %
300 %
30 30 )0
K

b 81

Strand Pattern at
Mid-Span

Last Modified: 7/30/17

o Strand harped at 48.5'
from end of beam

36386380300 300300 303X XXXXXXXXXXXXXXXXXXXXX 1 1 3 1 )
306 306 280 300 300 100 (3 X XXXXEXXXXXEXXIXXXXIXIXXXXX I I o 1 3

%

b 8
00 %
00 )%
3060 200
¢ 0 30 %
030 %
30 30 )0
K
%

Strand Pattern at
End of Beam



PS1 - SimpleSpanPSIBeamExample

PS1 - Simple Span Prestressed | Beam Example

| #4 stirrups @ 12"

JAN JAN
6.._,| I 120'-0 ’I |‘_ 6
Elevation
51-0" |
1-6" | 48'-0" 1-6"

g" Future Wearing Surface
l_ l_ 2" thick, 150 pcf

AASHTO-PCI BT-72

| 3-0" | 5 spaces @ 9'-0" = 45'-0" 1 3-0" |
[ |

Typical Section
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From the Bridge Explorer create a new bridge and enter the following description data:

o -]

) PS5 Training Bridge PS5 Tr.Bridge [7] Template Superstructures

Bridge 1D MBI Structure 10 (3); 7] Bridge Complstely Difined s
Description | Description [cont'd) | dlternatives | Glabal Refersnce Paint | Traffic | Custarn Agency Fields|
W are: F51 Training Bridge ‘e Built
Description:  This iz PCl design example 3.9.3, which uses the Load Factor Design [LFD), -
Lacatian: Length: ft
Facility Carried [7]: Foute Number: -l
Feat, Interzected [E]: i, Post;
Default Units: [U5 Customary -

[ AASHTOW are Azsociation. . ] EIR B Birtd [ " ] ’ Py ] ’ =

Close the window by clicking Ok. This saves the data to memory and closes the window.

To enter the materials to be used by members of the bridge, click on the [ to expand the tree for Materials. The tree

with the expanded Materials branch is shown below:

Bridge Workspace - P51 Training ... EI@
[ERF:Y £51 Training Bridge]
B (2] Materials
- [Z Structural Steel
- [ Concrete
. [0 Reinforcing Steel
- [[3 Prestress Strand
- [L3 Prestress Bar
- [ Timber
(23 Sil
eam Shapes
[ ([ Appurtenances
....... [Z1 Diaphragm Definitions
------- [Z1 Lateral Bracing Definitions
------- :,_1 Impact/ Dynamic Load Allowance
------- HFF LRFD Multiple Presence Factors
- [C3 Factors
------- [Z LRFD Substructure Design Settings
....... EC Environmental Conditions

------- OF  Design Parameters

....... [Z31 SUPERSTRUCTURE DEFINITIONS
------- (23 CULVERT DEFINITIONS

------- (2 BRIDGE ALTERMATIVES

To add a new concrete material click on Concrete in the tree and select File/New from the menu (or right mouse

click on Concrete and select New). The window shown below will open.
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™ Bridge Materials - Concrete E'@

Mame: | Diescription:
Compressive strength at 28 days [f'c) = ks
Initial compressive strenath [Fei] = ki

Coefficient of thermal expansion =  0.0000060000 4 ¢

Dengity [for dead loads) = ko

Density [for modulus of elasticity] = el
Std Modulus of elasticity [Ec] = ki
LRFD Modulus of elasticity [Ec] = %
Std Initial modulus of elasticity = hef
LRFD Initial modulus of elasticiy = el

Poiszon's ratio=  0.200

Composition of concrete = | Mormnal -

Moduluz of rupture = i
Shear factor = 1.000

Splitting tensile strength [fct] = &

[Eop_l,l Ta Liblar_','...] [ Copy from Librar.... l [ 0k, ] [ Apply ] [ Cancel l

Add the concrete material “PS 6.5 ksi” that was entered into the Library by selecting from the Concrete Materials

Library by clicking the Copy from Library button. This concrete will be used for the beam concrete in this example.

M Library Data: Materials - Concrete == )

Name Description Library | Units fc fei | alpha Degls_.'rty hI;Z:u.sl#: M;:g:'::'m: 7 PDRB;?JI‘S n’:;ﬂ :'l(uufe
Class A Class A cement concrete | Standard| 51/ Me| 28.00 0.000 | 2400.0 | 2320.00 | 25426.08 0.200 333
Clags A (US) | Class A cement concrete | Standard | US Cu | 4.000 0.000 0.150 0.145 354415 0.200 0.430
Class B Class B cement concrete | Standard| 51/ Me| 17.00 0.000 | 2400.0 | 2320.00 | 18811.84 0.200 280
Class B (US) | Class B cement concrete | Standard| US Cu | 2.400 0.000 0.150 0.145 282275 0.200 0372
Class C Class C cement concrete | Standard| 51/ Me| 28.00 0.000 | 2400.0 | 2320.00 | 25426.08 0.200 333
Clazs C (US) | Class C cement concrete | Standard| US Cu | 4.000 0.000 0.150 0.145 354415 0.200 0.480

PS5 6.5 ksi PS6.5ksi(fc=55ksi)) Agency USCu 6500 5500 0.000 0.200 0610

[ ok ][ Apply ][ Cancel ]

Select the PS 6.5 ksi material and click Ok. The selected material properties are copied to the Bridge Materials —

Concrete window as shown below.
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4™ Bridge Materials - Concrete E@

Mame: P35 E5ksi Description: PS5 B.5 ki [f'o = 5.5 ksi)
Compressive strength at 28 daps (f'c) = 6.500 b
Initial compressive strength [Foi) = 5.500 bt

Coefficient of thermal expansion = 0.0000060000 ¢ ¢

Density (for dead loads) = 0.150 kef

Diensity [for modulus of elasticin) = 0.150 ket
Std Modulus of elasticity (Ec) = 4887.73 ksi
LRFD Modulus of elasticity (Ec) = 500755 b
Std Initial madulus of elasticity = 4436.06 b
LRFD Initial modulus of elasticity = 4732 96 e

Paizzon'z ratio = 0.200

Cormpazsition of concrete = | Mormmal b

Modulus of upture = 0.61 ksi

Shear factor = 1

Splitting tensile strength [fct] = ksl

| Copy Ta Library. .. | | Copy fram Library... | [ ak ] | Apply | | Cancel

Click Ok to save the data to memory and close the window.

Add a concrete material for the deck, reinforcement material and prestress strand using the same techniques. The

windows will look like those shown below:

M Bridge Materials - Concrete EI@
Mame: Deck Concrete Description: Deck Concrete
Compressive strength at 28 days [f'c) = 4.500 Lsi
Initial compreszive strength [f'oi] = kzi

Coefficient of thermal expansion = 0.0000080000 ¢

Density [for dead loads) = 0.150 ke

Dersity [for moduluz of elasticity) = 0.150 kef
Std Modulus of elasticity [Ec) = 4086.84 ksi
LRFD Madulus of elasticity [Ec) = 4435.31 %
Std Initial moduluz of elasticity = 0.00 e
LRFD Initial moduluz of elasticity = 0.00 i

Poizson's ratio = 0.200

Compazition of concrete = | Marmal -

Modulus of upture = 0.51 ksi
Shear factor= |1l

Splitting tensile strength [fot] = kzi

Copy To Librany... | | Copy from Library. . | [ u] ] | Apply | | Cancel
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i "

™ Bridge Materials - Reinforcing Steel EI@
Mame: Grade B0 Description; B0 ki reinforcing steel
 aterial Properties
Specified vield strength (Fy) = 60.000 ks
Modulus of elasticity [Ez) = 23000.00 ki
{Emae stnaamth SR = 90,000 ksi
Type
@) Plain
Eposry
Galvanized
Other
Copy Ta Library... | [ Copy fromm Librany. . ] | Ok | | Apply | | Cancel |

i )

M Bridge Materials - PS5 Strand o = | (]

Mame: 1/2" [Mw-270) LR Description;  Low relasation 1/2" S even \wWirefpu = 270
Strand diameter = 0.5000 i
Strand area = 0153 i
Strand type = | Low Relaxation -
Ultirmate tensile strength [Ful = 270,000 lesi
“ield strength [Fy) = 243.000 ks
Modulus of elasticity [E] = 28500.00 s
Transfer length [Std) = 25.0000 in
Transfer length (LRFD) = 30.0000 o
Uriit load per length = 0.520 bt
Epoxy coated
| Copy To Library... | [ Copy fram Library... ] | OF. | | Apply | | Cahcel

To enter a prestress beam shape to be used in this bridge expand the tree labeled Beam Shapes as shown below:
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I

Bridge Workspace - P51 Training ... EI@

= {M P51 Training Bridge
..... [Z3 Materials
£+ [0 Beamn Shapes

. [ Box Beams
oEmE

i (] Tee Beams

fow [C3 UBeams

[Z1 Steel Bearn Shapes
[Z3 Timber Beam Shapes
- [ Appurtenances

------- (21 Diaphragm Definiticns

------- [Z1 Lateral Bracing Definitions

- [J Factors

------- EC Environmental Conditions
------- oF  Design Parameters

....... [Z3 CULVERT DEFINITIOMS
....... [Z] BRIDGE ALTERMATIVES

EI ..... [Z1] Prestress Bearn Shapes

------- j Irnpact / Dynamic Load Allowance
------- M LRFD Multiple Presence Factors

------- [C1 LRFD Substructure Design Settings

------- [C1 SUPERSTRUCTURE DEFINITIONS

Click on I Beams in the tree and select File/New from the menu (or double click on | Beams in the tree). The

window shown below will open.

I

0 p318eom o)
Name: | T|:||:_| Flange Type
() Marrow
Descriphion: @ 'wide
Dimenzions | Froperties | tdild Steel | Strand Gnd
e
. [ Deck,
it
in [] Fradius Fillst
in
[ Copy To Library... ] [ Copy from Library... ] [ 1] 8 ] [ Lpply ] [ Cancel

Last Modified: 7/30/17
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Select the Top Flange Type as Wide and click on the copy from Library button. Select BT-72 (AASHTO-PCI Bulb-

Tee BT-72) and click Ok. The beam properties are copied to the | Beam window as shown below.

@ PS1Beem S
Mame: BT-72 Top Flange Type
M arrow
Description;  A45HTO-PCI Bulb-Tee BT-72 8 wide
Dimensions | Properties | Mild Steel | Strand Grid
L 42.0000 4, N
* bl
_ 1 as0 , Deck
20000 -
20000 5, —L If R adius Fillet
20000
g.0000 o0,
- 45000
i— B.0000 i
26.0000 5.,
| Copy To Libran... | [Cop_l,l from Library... l [ Ok l | Apply | | Cancel |

To enter the appurtenances to be used within the bridge expand the tree branch labeled Appurtenances. To define a
parapet double click on Parapet in the tree and input the parapet dimensions as shown below. Click Ok to save the

data to memory and close the window.

(o]l O =]

#M Bridge Appurtenances - Parapet

Mame: =00 PLF parapet

Description:

All dimenzionz are in inches

4_1 Additional Load = kipdft
3.0000 Parapet unit load =
9.0000 N | |—s_nnnu 01500 ot
Reference il Eﬂ?dwa}' Calculated Properties
Line * 00000 Hirace Net centraid [fram
+ reference linel =
180000 6344 in
¥ =
T aom Tatal load
::_' 0.200 kip/tt
Back Frant 30000
Copy fram Library... | 1 ok | Apply | | Canizel

Last Modified: 7/30/17
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The default impact factors, standard LRFD and LFD factors will be used as they were in Tutorial STL1 so we will

skip to Structure Definition. Bridge Alternatives will be added after we enter the Structure Definition.

Double click on SUPERSTRUCTURE DEFINITIONS (or click on SUPERSTRUCTURE DEFINITIONS and
select File/New from the menu or right mouse click on SUPERSTRUCTURE DEFINITIONS and select New from

the popup menu) to create a new structure definition. The following dialog will open.

New Superstructure Definition @

@ Girder System Superstructure

Girder Line Superstructure Superstucture Definition Wizard

Floor System Superstructure

Flacr Line Superstructure

Trugz Spstem Superstructure

Truzss Line Superstructure

Reinforced Concrete Slab System Superstructure

Concrete bMuli-Cell Box Superstructure

| ] |[ Cancel ]

Select Girder System and the Structure Definition window will open. Enter the appropriate data as shown below:

™ Girder System Superstructure Definition EI@
Definition | Analysis | Specs | Engine
- Gi Frame Structure
Name:  Gider System Simplified Definition
Description: Deck type:
Concrete hd
Default Units: | 15 Cystamar | Enter Span Lengths
L Along the Reference Far PS only
. - Line:
Humber of spans: 1 = e Average hurmidity:
- Length
Mumber of girders; B = Span (t) 70000 5
1 120.00
Member All. Types
Steel
JIPsS
R/
Timber
Harizantal Curvature Along Reference Line
Horizontal curvature Distance from P to first suppart fine: ft
Superstructure Alignment Start tangent length: ft
Curved
s ft
Tangent, curved, tangent Riadius:
Tangent, curved Diirection: Left
Curved, tangsnt End tangent length: ft
Distance from last support line ta PT ft
Design speed mph
Superelevation #
Ok | [ Apply | Cancel

Last Modified: 7/30/17 9
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Click on Ok to save the data to memory and close the window.

The partially expanded Bridge Workspace tree is shown below:

Bridge Workspace - PS Training Bridge EI@
= @ PETraining Bridge

g [ Materials

0 [ Beam Shapes

----- [ Appurtenances

- [0 Connectars

- [Z Diaphragrn Definitions

- [L3 Lateral Bracing Definitions

: j Impact f Dynamic Load Allowance
-~ MFF LRFD Multiple Presence Factors

- [ Factors

- [ LRFD Substructure Design Settings

- EC Erwironrnental Conditions

ey OO o OOy IO
)

. DF Design Parameters

- E3E UCTURE DEFINITIONS

EI b Girder System

- =L Impact / Dynamic Load &llowance

- 2% Load Case Description

- & Framing Plan Detail

- [L] Bracing Detetiaration

- BSC Bracing Spec Check Selectian
- BT Structure Typical Section

- Superstructure Loads

- [ Stress Limits

[ Prestress Properties

i [ Shear Reinforcement Definitions
= L] MEMEERS

g I 61

I G2

I a3

I G4

I Gs

I Gf

- L CULWERT DEFIMITIONS

- [ BRIDGE ALTERMATIVES

We now go back to the Bridge Alternatives and create a new Bridge Alternative, a new Structure, and a new
Structure Alternative as we did in tutorial STL1.

The partially expanded Bridge Workspace tree is shown below:

Last Modified: 7/30/17 10
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Bridge Workspace - P51 Training Bridge EI@
=-- {M PS1 Training Bridge

- (2 Materials

[ [ Bearn Shapes

- [ Appurtenances

. [ Diaphragm Definitions

- [ Lateral Bracing Definitions

. :1,_ Impact / Dynamic Load Allowance
o MFE LRFD Multiple Presence Factors

- [ Factors

- [C1 LRFD Substructure Design Settings

- E& Environmental Conditions

- OF  Design Parameters
- [ SUPERSTRUCTURE DEFINITIONS
----- b Girder System
- (1 CULVERT DEFINITIONS
- [ZJ] BRIDGE ALTERMATIVES
9 ----- M Bridge Alternative 1 (E) (C)
£} [C SUPERSTRUCTURES
i B T Structure 1
B ocrSTRUCTURE ALTERNATIES|
‘. T Structure Alternative 1 (E) (C) (Girder System)
T Stiffness Analysis
(3 PIERS
[C3 CULVERTS

Click Load Case Description to define the dead load cases. The completed Load Case Description window is shown
below.

™ Load Case Description [ ]

Load Caze Name Description Stage Type U—="

P g ¥p {Days)
Parapets Compesite (long term) (Stage 2) |=]D,DC =]
Future Wearing Surface Compesite (long term) (Stage 2) |=||DDW |-

“Prestressed memberz only 200 Default Load
[ e (oupss ] [ooe |

[ ] 4 ][ Apply ” Cancel ]

Double-click on Framing Plan Detail to describe the framing plan. Enter the appropriate data as shown below.

Last Modified: 7/30/17 11
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™ Structure Framing Plan Details

Murrber of spans = |1 Humber of girders = |6

Layout | Diaphragms

Girder Spacing Onentation
(@ Perpendicular to girder

Skew

S rt
uppo (Degrees) 1 Alahg support
1 0.0000
2 0.0000

Girder Spacing

Girder (it)

Bay | start of| End of
Girder | Girder

1 9.00 | 9.00

2 9.00 | 9.00

3 9.00 | 9.00

4 9.00 | 9.00

5 9.00 | 9.00

[ QK. H Apply H Cancel ]

Switch to the Diaphragms tab to enter diaphragm spacing. Click the Diaphragm Wizard button to add diaphragms
for the entire structure. Select the Framing Plan System and Click the Next button. Enter the following data on the

dialog shown below.

Diaphragrm Wizard @

Diaphragm Spacing
(@) Enter number of equal spaces per span

() Enter equal spacing per span

(") Enter groups of equal spacing

Support diaphragm load: kip

Interior diaphragm load: kip

Length Number of
5
pan (ft) Egual Spaces
1 120.00 2

| <Back || Fmsh | | cCancel | | hHep |

Click the Finish button to add the diaphragms. The Diaphragm Wizard will create diaphragms for all of the girder

bays in the structure. The diaphragms created for Girder Bay 1 are shown below:

Last Modified: 7/30/17 12
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M Structure Framing Plan Details EI@
MNumber of spanzs = |1 Mumber of girders = &
Diaphragms
Girder Bay: |1 - Copy Bay To Diaphragm
wiizard...
Support Startl?i;s}tance D:p:;;gm Number Length B EEE;EHCE Load Diah
Number - - - e of Spaces (ft) - - - kip) iaphragm
Left Girder Right Girder () Left Girder Right Girder
1 |- 0.00 0.00 0.00 1 0.00 0.00 0.00 — Mot Assigned — | =|
1 |= 0.00 0.00 &0.00 1 60.00 60.00 60.00 — Not Assigned — | =|
1 |- 120.00 120.00 0.00 1 0.00 120.00 120.00 — Mot Assigned — | =|
[ Mew ][ Duplicate ][ Delete ]
[ u]. ][ Apply ” Cancel ]

Select Ok to close the window.

Next define the structure typical section by double-clicking on Structure Typical Section in the Bridge Workspace

tree. Input the data describing the typical section as shown below.

Basic deck geometry:

o

™ Structure Typical Section EI@

Diztance from |eft edge of deck to | Diztance from right edge of deck to
superstiucture definition ref. line | superstiucture definition ref. line

| -
l— Superstructure Definition
\ . R]?cckkness | Reference Line

Left overhang ——— Right overhang
Deck | Deck [Cant'd) I Parapet I Median | Railing I Generic I Sidewalk | Lane Position I Stiped Lanes | “/earing Surface
Superstructure definition reference line iz | within w | the bridge deck.
Start End
Digtance from left edge of deck to 5 EDa[ 75 53
superstiucture definition reference line = ' ft ' ft
Distance from right edge of deck to 25 B0l 26 Bl
superztiucture definition reference line = ) ft ) ft
Left overhang = 3.00 ft 3.00 it
Computed right averhang = | 3.00 ft 200 ft

[ Qg H Apply ” Canhcel ]

The Deck (cont’d) tab is used to enter information about the deck concrete and thickness. The material to be used

for the deck concrete is selected from the list of bridge materials described above.

Last Modified: 7/30/17 13
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M Structure Typical Section

(=8 ==

Diztance from left edge of deck to | Distance from right edge of deck to
superstiucture definition ref. line | superstructure definition ref. line

| -
l— Superstructure Definition
\ . &?cckkn . | Reference Line

Left averhang

Right overhang

Deck | Deck [Cont'd] | Parapet I tedian I Railing I Generic I Sidewalk. I Lane Position I Striped Lanes | Wearing Surface

Deck concrete: [Deck Concrete ']
Total deck thickness: 5-0000 in
Load caze: [Engine Azzigned ']
Deck crack contiol parameter; 130.000 kip/in
3.000

Sustained modular ratio factar

Deck exposure factor:

Parapets:

Add two parapets as shown below.

Ok

J(

Apply

I

Cancel

™ Structure Typical Section

=) e =)

Back Front

| Deck I Deck [EDnt'd]l Parapst | tedian I Failing I Generic | Sidewalk. I Lane Position I Stiped Lanes | “Wearing Surface

Last Modified: 7/30/17 14

Edge of Deck Distance At Distance At Front Face
Name Load Case | Measure To| Dist. Measured Start End - ;
Orientation
From (ft) (ft)
300 PLF Parapet w| Parapets w|Back || LeftEdge |w| 0.00 0.00 [Right |=
300 PLF Parapet | Parapets w|[Back || Right Edge || 0.00 0.00|Left
[ Hew ][ Duplicate ][ Delete ]
[ 0K ” Apply ” Cancel l
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Lane Positions:

Select the Lane Position tab and use the Compute... button to compute the lane positions. A dialog showing the

results of the computation opens. Click Apply to apply the computed values. The Lane Position tab is populated as
shown below.

™ Structure Typical Section EI@
L (4] >

[B). — Superstructure Definition Feference Lineg

Travelway 1 L Travehway 2 o

| Deck | Deck [Cont'd) I Parapet I Median | R ailing | Generic I Sidewalkl Lane Fosition | Shiped Lanes | Wearng Surface|

Distance From Left Edge of | Distance From Right Edge of | Distance From Left Edge of | Distance From Right Edge of
Travelway| Travelway to Superstructure| Travelway to Superstructure| Travelway to Superstructure| Travelway to Superstructure
Number Definition Reference Line Definition Reference Line Definition Reference Line Definition Reference Line
At Start (A) At Start (B) At End (&) AtEnd (B)
(ft) (ft) (ft) (ft)
1 -24.00 24.00 -24.00 24.00

LRFD Fatigue
Lanes available to trucks:

[7] Override Truck fraction: ’ Mew ] ’ Duplicate ] ’ Delete ]

[ ok | Appy || Cancal |

Wearing Surface:

Enter the data shown below.

M Structure Typical Section =] =] =]

Digtance from left edge of deck to | Distance from right edge of deck to
superstructure definition ref. ine | superstructure definition ref. line

| o
l— Superstructure Definition
_\ 0 &icﬁness | Reference Line

Left overhang ;._J Right overhang

| Deck | Deck [Cont'd) I Parapet I Median | R ailing | Genenc I Sidewalk | Lane Pozition | Stiped Lanes | “earing Surface

Waring suface material  Biturinous

Description:
pcencliacelichee i 20000 i [ Thickness fiskd measured (D = 1.25 f checked)
Wearing suface density = 150000 ¢

Load case: | Future Wearing Surface v] Copy from Library...

Ok, ] ’ Apply ] ’ Cancel
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Now define a Stress Limit. A Stress Limit defines the allowable concrete stresses for a given concrete material.
Double click on the Stress Limits tree item to open the window. Select the “PS 6.5 ksi” concrete material. Default
values for the allowable stresses will be computed based on this concrete and the AASHTO Specifications. A
default value for the final allowable slab compression is not computed since the deck concrete is typically different

from the concrete used in the beam. Click Ok to save this information to memory and close the window.

&M Stress Limit Sets - Concrete E\@
Name: £.5 ksi Concrete Stress Limit
Description: Stress limit for 6.5 kai concrete used in beam
Cancrete Material: | P53 6.5 ksi -
LFD LRFD
Initial allowable compression; 3300 ksi 3575 ksi
Initial allowable tension: 0.200 el 0.200 bl
Fimal allowable compression:  3.900 el 3.500 bl
Final allowable tension:  0.454 ke 0.484 e
Firal allowable DL compression;  2.600 e 2525 kel
Final allowable slab compression; 2400 e kel
Final alloveable compreszion: 2 .600 e 2817 ksi
[LL +1/2[Pe + DL
[ Ok l | Apply | | Cancel |

Double click on the Prestress Properties tree item to open a window in which to define the prestress properties for
this structure definition. Define the Prestress Property as shown below. We are using the AASHTO Approximate
method to compute losses so the “General P/S Data” tab is the only tab that we have to visit. Click Ok to save to

memory and close the window.

Last Modified: 7/30/17 16
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M Prestress Properties EI@

Mame: 172" LR A25HTO Loss

General P/S Data | Loss Data - Lump Sum | Loss Data - PO |

P/5 strand material: I1-"'2” [Pd-270] LR "J Jacking strezs ratio: 0.750
Lass method: IM‘-SHTU A pprosimate 'J P/S transfer stress ratio;
Transfer time: 240 Hours
Age at deck placement; 30.00 Days
Logs Data - 845HTO Final age: 1825.00 Days
Percertage DL: 0.0 .

[T Include elastic gains

[ (]S |I Apply H Cancel J

Now define the vertical shear reinforcement by double clicking on Vertical (under Shear Reinforcement Definitions

in the tree). Define the reinforcement as shown below. Click Ok to save to memory and close the window.

i "

&M Shear Reinforcement Definition - Vertical EI@

Mame:  #4 Shear Reinf,

Material lGrade 0 -
Barsize
MHumber of legs: 2.0
Inclination [alpha): 30.0 Degrees
Yertical
Shear
Reinforcement
0K | appl || Cancel

Last Modified: 7/30/17 17
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A partially expanded Bridge Workspace is shown below.

i

Bridge Warkspace - PS Training Bridge E@

....... ([ Diaphragrm Definitions

....... (L1 Lateral Bracing Definitions

------- j Irmpact / Dynamic Load Allowance

------- MFF LRFD Multiple Presence Factars

- [ Factors

------- (L LRFD Substructure Design Settings

....... EC Environmmental Conditions

....... OF Design Pararmeters

< [0 SUPERSTRUCTURE DEFIMITIONS

=i b Girder Systern

------- j Irmpact / Dynamic Load Allowance
....... 24 Load Case Description

------- ST Framing Plan Detail

....... (1 Bracing Deterioration

....... BSC Bracing Spec Check Selection
....... ﬁ Structure Typical Section

------- 4 Superstructure Loads

S [ Stress Limits

o T, 6.5 ksi Concrete Stress Limit
S [ Prestress Properties

e 172 LR AASHTO Loss

<. [ Shear Reinforcerment Definitions
_ [ Vertical

- ] #4 shear reinf

. [[1 Horizontal

m

o T G35
....... T G462
- I G555
- I GaiGL
....... ([ CULVERT DEFIMITIONS
] (L1 BRIDGE ALTERMATIVES

4 1L} I

Describing a member:

The member window shows the data that was generated when the structure definition was created. No changes are
required at this time. The first Member Alternative that we create will automatically be assigned as the Existing and

Current Member alternative for this Member.
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O Merber oo e
Member name: 1 Link with: | None v]
Dezcription: -

E:-cisting| Current| Member Alternative Name| Descriptil:ln|

Mumber of spanz: |1

Span Span
Ho. Length
(ft)
1 120.00

ak l [ Apply ] [ Cancel

Defining a Member Alternative:

Double-click MEMBER ALTERNATIVES in the tree to create a new alternative. The New Member Alternative
dialog shown below will open. Select Prestressed (Pretensioned) Concrete for the Material Type and PS Precast | for

the Girder Type.

i '\.

Mew Member Alternative @

b aterial Type: Girder Type:

Fres :ed [Pretensioned] Concrete FS Precast Box
Reinforced Concrete PS Precast |
Steel PS5 Precazt Tee
Timber FS Precast U
] ] [ Cancel

Click Ok to close the dialog and create a new member alternative.

The Member Alternative Description window will open. Enter the appropriate data as shown below. The Schedule-

based Girder property input method is the only input method available for a prestressed concrete beam.
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) Member Alternative Description E@

Member Alternative: |Precase | Beam Altemative)

Description | Specs | Factors | Engine | Impaort | Control Options

Description: Material Type:  Prestrezzed [Fretenzioned
Girder Type:  PS Precast |

Default Units: | US Custormary  w

Girder property input method
® Schedule bazed
Crogs-zection bazed

Default rating method:

Self Load LFD v

Load caze: | Enagine Assigned W
Additional zelf load = kipft

Additional self load = 4

Crack control parameter [£] Exposure factor
Top of beam: kip/in Top of bean;

Eottom of beamn: kip/in B ottam of beam:

Next describe the beam by double clicking on Beam Details in the tree. The Beam Details windows with the

appropriate data are shown below.
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M Beam Details =0 =R ===
-
Span Detall | Stess Limit Ranges | Slab Interface | ‘web End Block
Span B sh Girder Prestress Use C sy PrU]EC‘t!UI‘I
Number | D53M =Nape WMaterial Properties S - Left End Right End
(in} (in}
1 BT-72 w ||PS 8.5 ksi | 1/2" LR AASHTO Loss | w|[No - 5.0000 §.0000
ok ] l Apply ] l Cancel

If we try to use the Compute from Typical Section button on the Live Load Distribution — Standard tab to populate
the LFD live load distribution factors for this member alternative, we will receive a message that AASHTOWare
Bridge Design and Rating cannot calculate the distribution factors because beam shapes are not assigned to adjacent

member alternatives.

AASHTOWare Bridge Design and Rating uses the beam shape assigned to this member alternative and also the
beam shapes assigned to the adjacent member alternatives to compute distribution factor. If adjacent members have
not been entered, it will assume they are the same. Since we do not have any member alternatives for the adjacent

members defined yet in this training example, we will enter the following distribution factors by hand.

During actual production use of AASHTOWare Bridge Design and Rating you can revisit this window after member
alternatives have been created for all members in your superstructure. Then the Compute button will correctly

compute the distribution factors for you.
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M Live Load Distribution =Nl =

Standard | LRFD

Drigtribution Factor |nput Method
(®) Usze Simplified Method () Use &dvanced Method

[] sllows distribution factors to be used to compute effects of permit loads with routine traffic

Distribution Factor
Lanes (Wheels)
Loaded
Shear shear at Moment Deflection
Supports
1 Lane 1.222 1.222 1222 0.333
Multi-Lane 1.222 1.222 1222 1.000

Compute fram

Tupizal Section... View Lalcs

Go back to the Beam Details Window and complete the remaining information. Note that Stress Limit Ranges are
defined over the entire length of the precast beam, including the projections of the beam past the centerline of
bearing which were entered on the Span Detail tab.

™ Beam Details o= =]

s

Span Detail | Stress Limit Ranges | 5lab Interface I ‘wieh End Block|

Span .Start Length ) Ed
Number Name Distance (#) Distance
[ft) (ft)
1 |=||6.5 ki Concrete Stress Limit |- 0.00 121.00 121.00

m

[ Meww ][ Duplicate ][ Delete ]

Ok [ Apply ] [ Cancel
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Enter value in Slab Interface tab as shown below.

{M Beam Details E\@

| Span Detail | Stress Limit Hanges| Slab Interface |Web End Block|

Interface type; [Intenlionally Roughened vI

Default interface width to bearn widths

Interface width; in
TR Ry (. 100 ksi =
Friction factar: 1.000
k1. 0.300
kz 1500 ks

1 ak | [ Apply I [ Cancel

-

Click Ok to save the Beam Details data to memory and close the window.

Expand the tree under Strand Layout and open the Span 1 window. Place the cursor in the schematic view on the
right side of the screen. The toolbar buttons in this window will become active. Select the Zoom button to shrink
the schematic of the beam shape so that the entire beam is visible.

Select the Description Type as Strands in rows and the Strand Configuration Type as Harped. The Mid span radio
button will now become active. You can now define the strands that are present at the middle of the span by
selecting strands in the right hand schematic. Select the bottom 44 strands in the schematic so that the CG of the
strands is 5.82 inches.
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™ Strand Layout - Span 1 EI@
B4 Q¢ |B® |00 -
L. &
Description Type
1P and CGS only @ Strands in rows
. . o
Strand Configuration Type
) B & [¥] Symmetry P
~ Straight/Debonded W
@) Harped HA
. X
1 Harped and straight debonded WO
WO
@ Mid span O
X
Harp Paint Locations A
Left end i i WO
2 Harp Point D‘I&tﬂrlce REFIII‘.IS % 5%
. (ft) (in}
Right end N
Left 0.00 | 0.0000 %
Right 0.00 | 0.0000
X
e
WO
O
X
o
e
WO
O
KX
o E
e
WO
* &
* &
* &
L N ]
* 5 &
oK Appl 5 |
) ] e .
»
*
Number of strands = 44
Numder of rarped strands = 0
CG of strands {messured from Domom of section) = 582
_E;e'ﬂ
. o strand =t miks posiion 3t e Gurrent section looatkn
> No strand 3t s poskion 3t e current location but 3 strand §s harped o Wils posiion
. A strand occuples Tiks pOSRION 3t e Surrent section intation
& The strand ks debonged 3t e current section location
o The strand ks oebonged Detween e Curment S2CTI0n and e mid-s0an
. The harped position of a harped strand.
. The mid-span posiion of a haned strand.
o The mid-span posiion of one strand and e harped poskion of anommer strand.
1 LiL * B g sl v

Now select the Left end radio button to enter the following harped strand locations at the left end of the precast
beam. Place the cursor in the schematic view on the right side of the screen. You can now define the strands that are
present at the left end of the span by selecting strand locations in the right hand schematic. Select the top 10 strand
locations in the schematic so that the CG of the strands is 18.09 inches. Close the window by clicking Ok. This

saves the data to memory and closes the window.
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M Strand Layout - Span1 =] 3 |
| 100% ~
o -
Description Type
) PandCGS only @ Strands in rows
) . * &
Strand Configuration Type
. ; . o [7] Sprmmetry - ®
() Straight/Debonded - "
@ Harped -
; ) * %
() Harped and straight debonded X X
MO
) Mid span X
O
Harp Pairt Locations o
@ Left end i i WK
. Harp Point Distance Ramug %y
: (ft) (in}
Right end W
Left 4350 | 0.000 52 52
Right 45.50 | 0.0000
XX
O
s
KA
O
PR
o
WO
MM
KA
O =
e
WO
Lo o]
Lo o]
& O
& o
o O .
[1]3 ] [ Apply ] [ Cancel e
L E N N NN R RN NN N ]
LE B B B R B R B N B N
Numoer of strands = 44
Numoer of harped strands = 10
5 of strands {messured from boRom of section) = 1509 I
Lagend
>< N0 strand 3t ks posiion 3t e current section oation
>'< N0 strand 3t Mils posiion 3t e current location out 3 strand ks named o Tils pasiion
' A strand occuples Mils poskion 3t e current section location
. The strand ks 0ebonced 3t e curnent s2ction location
O The strand ks 0ebonced Detwesn Te current section and e mid-span
L The harped poskion of 3 hamped sirand
B T mis-spn postion of 3 hamed strand
O The mid-span pesiion of one strand and e Raned pesiion of anomer strand.
< i + L= aye— -

Next open the Deck Profile and enter the data describing the structural properties of the deck. The window is shown

below.
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M Deck Profile == |

Type: PS5 Precast|

Deck Concrete | Reinforcament

Start Effective | End Effective | Start Effective| End Effective
Start End Structural
. Support] . Length| . 8 Flange Width | Flange Width | Flange Width | Flange Width
Dist Dist Thick
Material Nurriber IS(;I;CE (f) ls(;l;ce |c(i:}ess (Std) (std) (LRFD) (LRFD) n
(in} (in) (in) (in}
Deck Concrete |»| 1 |= 0.00 [ 120.00 | 120.00 7.5000 $0.0000 $0.0000 108.0000 108.0000

[ Mew ” Duplicate ” Delete ]

[ 0k ” Apply ” Cancel ]

No reinforcement is described.

The haunch profile is defined by double clicking on Haunch Profile in the tree. The window is shown below.

M PS Haunch Profile EI@

| J .
71 ':‘ 73
ZL:' L4—

Start End
Support| _. Length| _. £1 72 £3 74 ¥ Y2 w3
Number D‘SE:['; e D‘SE;':SCE @y | o | o | am | oam [ oam | am

1 |[= 0.00 [ 120.00 [ 120.00 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.5000 | 0.5000 | 0.0000

[ [ @ H Duplicate H Delete ]

[ ak ” Apply ” Cancel ]

Last Modified: 7/30/17 26



PS1 - SimpleSpanPSIBeamExample

The Shear Reinforcement Ranges are entered as described below. The vertical shear reinforcement is defined as
extending into the deck on this tab. This indicates composite action between the beam and the deck. Data does not

have to be entered on the Horizontal tab to indicate composite action since we have defined that by extending the
vertical bars into deck.

M PS Shear Reinforcement Ranges E\@
‘ Start Distance ) lSQacingl
Wertical | Harizomtal
Span
Exf[&nds _Stﬂrt Number of Spacing Length ) Eui
Name into Distance Spaces {in) i) Distance
Deck (ft) ! ! (ft)
#4 Shear Reinf. =] 0.50 1 0.0000 0.00 0.50
#4 Shear Reinf. =] 0.50 120 12.0000 120.00 120.50
; ; Stirup Design Wiew
Stirup Wizard... ‘ Tool... | Calcs ‘ [ Mew ] [ Duplicate ] [ Delete ]
[ 0k, ] [ Apply ] [ Cancel ]

The description of an exterior beam for this structure definition is complete.

To compute LRFD live load distribution factors the interior girder adjacent to exterior girder must be defined. Copy
Precast | Beam Alternative of G1 and paste to G2 as a member alternative. Open Live Load Distribution window,
LRFD tab, use Compute from Typical Section button to compute LRFD live load distribution factors.

The member alternative can now be analyzed. To perform LRFR rating, select the View Analysis Settings button on

the toolbar to open the window shown below. Click Open Template button and select the LRFR Design Load Rating
to be used in the rating and click Ok.
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D Anlysis Setings =e
() Design Review @ Rating Riating Method: | LRFR .,.]
Analyziz Type:
Lire Girder A
A3 Requested Apply Preference Setting: [NDnB V]

Wehicles | Dutput | Engine | Desciiption|

Traffic Direction:

[ Refrezh ] l Temporary Yehicles... ] l Advanced... ]

Yehicle Selection: Yehicle Surmmary:
B Standard - ﬁl‘-.dc! to [=- Rating Wehicles
- H 1544 il Fiating & LRFR
- H 20-44 =) Design Load Fating
- HL-93 (51) - Inventary
- HL-93 [U5) © o LoHL-B3(US)
- HS 15-44 EI Operating
- HS 20(51) Remave - HLE3(US)
- HS 2044 o frem o Faliue
- Lane-Type Legal Load E|| Analysis L LRFD Fatigue Truck [LIS]
- LRFD Fatigue Truck [51] = ngal Load Rating
- LRFD Fatigus Truck [US] i~ Routing
- MRL . Specialized Hauling
- 514 - Prermit Load Fating
- 55
- SUE B
- SUY
- Type 3
- Tope 3-3 il
[ Reset ] [ Clear ] [ Dpen Template ] [ Save Template l [ ok l ’ Apply ] ’ Cancel ]

Next click the Analyze button on the toolbar to perform the rating. When the rating is finished you can review the

results by clicking the View analysis Report on the toolbar. The window shown below will open.

M Analysis Results - Exterior Member EI@

Repoit Tppe Lane/impact Loading Type Display Format
FRiating Fiesults Summary v| @ AsRequested () Detalled Mutiple rating levels per row A

Invertory | Operating

4| 1 2
AASHTO LRFR Engine Wersion B.8.2. 3001

Analysis Preference Setting: Mone

Close
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An LRFD design review of this girder for HL93 loading can be performed by AASHTO LRFD. To do LRFD design

review, enter the Analysis Settings window as shown below:

& Anslysis Settings E=N =R
@ Design Review (71 Rating Design Methad: | LRFD .]
Analyziz Type:
Lire Girder hd
Az Requested Apply Preference Setting: [NDnB ']
Yehicles | Dutput | E hgine I Descriptinnl
Traffic Direction: -
[ Refrezh ] [ Temporarg Yehicles... ] [ Advanced... ]
Yehicle Selection: Yehicle Summarny:
- Yehicles Ad,d to =R O 5
=) Standard Fatigue =) Design Loads
Albernate Military Loading i e HL93 (US)
-~ HL93(31) - - Pemit Loads
~HL-93 [US] - Fatigue Loads
- HS 20050 R i LRFD Fatigue Truck [US)
- HS 2044 fmm’e
- LRFD Fatigue Truck [51) o
. LRFD Fatigue Truck [US] Analysis
- Bgency cq
- zer Defined -
- Temporary
[ Reset ] [ Clear ] [ Open Template ] [ Save Template ] [ ()4 l l Apply ] l Cancel ]

AASHTO LRFD analysis will generate a spec check results file. Click &' on tool bar to open the following

window.
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i PS1 Training Bridge

=- P51 Training Bridge
- Girder Syztem
= G1
- Precase | Beam Alemative
EI AASHTO_LRFD

- Surnmary of computed distnbution factaors
- Detailed calculations of computed distribution factors
- Spec Check Results

- Log File
EI AASHTO_LRFR
- Surnmary of computed distnbution factaors
- Detailed calculations of computed distribution factors
- Spec Check Results
-~ Log File

To view the spec check results (shown below), double click the Spec Check Results in this window.

Bridge ID : 31 NBI Structure ID : PS 1 Tr Bridge
Bridge : PS 1 Training Bridg Bridge Alt :

Superstructure Def - Girder System

Member : G1 Member Alt - Precaste | Beam Alternative

Analysis Preference Setting - None
AASHTO LRED Specification, Edition 7. Interim 2015
Specification Check Summary

Article
Initial Stress at Transfer (5.9.4.1.1,59412)
Final Stress due to Permanent and Transient Loads (5.9.42.1,59422)
Flexure (5.7.3.2.5733.2)
Shear (583358 5827 5835
Deflection (5.7.3.6.2)

Initial Compression Stress At Transfer of Prestress

Location Allowable Stress Actual Stress Top of Beam
(£t} (kssi) (lssi)

0.000 -3.30 -0.02

2.000 -3.30 -0.15

6318 -330 -0.20
12.000 -330 -0.28
24.000 -330 -0.34
36.000 -330 -032
48.000 -330 -0.21
60.000 -3.30 -0.26
72.000 -3.30 -0.21
84.000 -3.30 -0.32
96.000 -330 -034
108.000 -330 -0.28
113.682 -330 -0.20
118.000 -330 -0.15
120.000 -330 -0.02

NR = Spec check not required at this location

Initial Tension Stress At Transfer of Prestress

Last Modified: 7/30/17 30

Status
Pass
Pass
Pass
Pass

Pass

Actual Stress Bot of Beam
(lssi)

-0.64
-4
-3.09
-3.01
-2.94
-2.96
-3.08
-3.03
-3.08
-2.96
-2.94
-3.01
-3.09
-3.14
-0.64

Ratio
5.20
1.05
1.07
1.10
112
111
107
1.09
1.07
111
112
1.10
1.07
1.05
520
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