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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
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Weight = 300 plf
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AASHTOWare Bridge Design and Rating Training

PS1 - Simple Span Prestressed | Beam Example (BrD/BrR 6.7)

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

‘o E=N ="

P51 Training Bridge

P51 Tr. Bridge [] Template Superstiuctures
[] Bridge Completely Defined Culverts

Description | Description [cont'd] | Alkematives | Global Reference Point | Traffic | Custom Agency Fields

Bridge 1D: MBI Structure 1D [8):

N FS1 Training Bndge “oar BLilt

Description: | This iz PCI design example 9.9.3, which uzes the Load Factor Design [LFD).

Location: Length: ft
Facility Carried [7]: Foute Mumber: |'1 |
Feat. Intersected [B): Mi. Post;
Default Units; | US Customary "
A SHT W are Aszociation,.. | B [+ BiD Ertd |T| .-’-'«ppl_l,- e

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:

Briclge Workspace - P51 Training ... EI@
=R Y75t Training Bridge]
5. [ Materials
(23 Structural Steel
- [Z3 Cencrete
. [C3 Reinforcing Steel
. [[7 Prestress Strand
- [Z Prestress Bar
- [ Timber
23 Seil
- (L1 Beam Shapes
1. (11 Appurtenances
------- [Z3 Diaphragm Definitions
------- (11 Lateral Bracing Definitions
------- :1,_ Impact / Dynamic Load Allowance
------- HFF | RFD Multiple Presence Factors:
- [ Factors
------- [Z1 LRFD Substructure Design Settings
------- EC Environmental Conditions

------- OF  Design Parameters

------- [Z3 SUPERSTRUCTURE DEFINITIONS
....... [Z3 CULVERT DEFINITIONS

....... [Z3 BRIDGE ALTERMATIVES
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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.

P

™ Eridge Materials - Concrete |?||E||El
Y ame: Dezcription:
Compresave strenagth at 28 days [f'c] = ksi
Initid compressive strength [Foi = ksi
Loehicient of thermal expanzion = 0.0000060000 4 ¢
Drensity [far dead loads) = kock
Drensty [for moduluz of elasticity,] = kcf
Moculus ol elasticity [Ec] = ksi
|mitial modulis of dasticity = i
Puissir's alia = 0200
Compoziticn of concrete = [I‘au:urmal b
Modulus of rupture = ksi
Shesr factor = 1000
Copy "o Librany... ] [ Copy from Libran.. ] [ Ok ] [ Apply ] [ Cancel

Add the concrete material “PS 6.5 ksi” that was entered into the Library in Exercise 3 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

[E=NECE

PS6.5kei(fc=55ksi) Agency USCu 5500 0.000

Name Description Liprary | Unis fc fei alpha Delzl.;'rty h;iu;;: H;:;ri'l:ﬂ:f PDRB;::‘S DE:: :-tluu?e
Class A Class A cement concrete | Standard| 51/ Me| 28.00 0.000 | 2400.0 | 2320.00 | 25426.08 0.200 3.33
Class A (US) | Class A& cement concrete | Standard| US Cu | 4.000 0.000| 0130 0.145 L 0.200 0.430
Class B Class B cement concrete | Standard| S1/ Me| 17.00 0.000 | 2400.0 | 2320.00 | 159811.84 0.200 260
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| S1/ Me| 28.00 0.000 | 2400.0 | 2320.00 | 25425.08 0.200 333
Clazs C (US) | Class C cement concrete | Standard| US Cu | 4.000 0.000 0.150 0.145 54415 0.200 0430

ok |

Apply

] [ Canicel
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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.

M Bridge Materials - Concrete Ellﬂ”él
Mame: F36.5kd Description: PS5 6.5 ka [F'c = 5.5 ksi]
Campressive strength & 28 days [f'cl = B.500 bt
Initial compressive strengh [fe) = 5.500 ksi
Coefficient of thermal expansion = 0.0000060300 ¢
Drensity [for dead loads] - 0.150 kel
Drenzity [For modulus of elasticity) = 0.150 kot
Modulus of elasticty [Ec) = 4887.73 hsf
Initial moduluz of elasticity = 4456.06 i
Poisson's ratio=  0.200

Composition of coacrete = | Maimal -

Modulus of npture = 0610 o
Shearfactar - 1|
| Zopw | o Library. . | | Copy frorm Lbrary... | [ OF. ] | 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:

0

Bridge Materials - Concrete

-

(=[O s

Mame: | Deck Concrete

Deszcriphior:

Copy from Library.

Deck Concrete

Compressive strength at 28 daps [fc) = |4.500 ke
Initial compressive strength [f'oi] = ke
Coeflicient of thermal expansion = | 0.0000060000 |4 ¢

Denzity [for dead loads) = [0.150 kel
Density (for modulus of elasticity) = | 0.150 kel
Modulus of elasticity [Ec) = | 4056.54 kg
Iritial modulus of elasticity = | 0.00 ki
Puizson's ratio = | 0-200
Composzition of concrete = | Maormal W
Moduluz of rupture = | 0.503 ksi
Shear factor = |1.000

Ok

Apply Cancel
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e

™ Bridge Materials - Reinforcing Steel @
Yame: lLrade BU Description:  BY ksirentorzing stzel
b aterial Properties
Specilied yidd strength [Fy) = §2.000 ks
Modulus of elasticity [Ez) = 29UULLY i
eifimaie stnamsh o= 92.000 ki
Type
@ Plain
Eposy
Galvarized
Other
—opy Tao Library... | [ Copy from Library... ] | (] | | Apply | | Cancel |
™ Bridge Materials - PS5 Strand @
Vame: 172" [Pwf-270) LF Description;  Low relaxaticn 1/2' /Seven Wiedfpu = 270
Shand dismeter= 05000 in
Strard area= 0153 in"2
Strand typo = | Ly Fiedamalie -
U timate tenzile strencth (Fu)= - 270.00C ks
“Yiele strepgth [Fy]=  243.00C ke zi
Moduluz of elastizi (E)= 2350000 ksi
ranzter lenghy |Std) = 23.000C i
Trznzfer langth LRFD) - 3710000 ir
Uriit load perlength= 0520 Ibft
E posy coated
| Zupy Tu Lilnare... | [ Cupe oo Lilnany. .. ] | Ok, | | Apply | | Carwel

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

Last Modified: 7/28/2015 PS1-6 AASHTOWare BrD/BrR 6.7



AASHTOWare Bridge Design and Rating Training — PS1 - Simple Span Prestressed | Beam Example

@ Bridge Worksaace - P51 Training ... EI@

=l 4 PS1 Training Eridge
- [ Materials
- [ Beam Shapes

] Box Beams

o

i [] Tee Beams
H ] UBeams
[C1 Steel Bearn Shapes

.....
.....
[ Appurtenances

...... Ea Diaphracm Definitions

- [ Factors

------ OF  Design Parameters

...... [Z3 CULVERT DEFINITIONS
------ (L) BRIDGE ALTERMATIVES

[Z3 Prestress Beam Shapes

[ Timber Beam Shapes

------ (L1 Lateral Bracing D=finitions
------ j Impact / Dynamic Load Allowance
------ HFF LRID Multiple Presence Dactors

------ (271 LRFD Substructure Desigr Settings
------ EC Environmental Conditions

...... [Z3 SUPERSTRUCTURE DEFINITIONS

Click on | 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.

{M PSIBeam o[- 2|
Mame: | Tu:u:_u Flange Tupe
(1 Marraw
Descriptior: @ 'Wide
Dimensions | PIDJEItiESI hild Steel I Strand 3ril:||
le in ol
I |
\% /_/_J i [ Deck
¥
_ i —;——L 1 in (] Radius Fillst
in
in
in in
_: i
_I:I_ ]
—
N
I Copy ToLibrany.. J I:Dp_l,l from Library. . ] I Ak ‘ I Apply J I Cancel |

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.
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@ PiTRenr [ =
Yame: BT-72 Top Flarge Type
Naiow
Desciption: AMSATO-PCIBulb-Tes BT-72 @ ‘wWide

Dimersions | Froperties | Mild Steel | Stand Gric
| £20000 |

e |
|\ _L as00n Dack
' : -2.0000 -
2000, 1 in Radius Fillet
20000

n

E 0000 i 72,0010 i
- 4 5000 i
- E@ooo o
“ "
SRONNN 5,
| Lopy | o _ibrary... | [U:-p; from Library.. ] [ LE ] | Apply | | Lancel |

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.

.

#% Bridge Appurtenances - Parapet EI@

Mame: 300 PLF parapet

Dezcription:

All dimenzsions are in inches

H Additional Load = kipft

3.0000 Parapet urit load =
9.0000 o | |—E.IZIIZIIZIIZI RE
Reference e il Foadway  Calculated P Li
e - s alculate: . Toperties
¥ 00000 MNet centraid [ from
& reference lingl =
12,0000 e
¥ =
ST Tatal lnad
}E 0,200 keipft
Back Front 3.0000
|D:||:|_l.l from Library. . | [ Ok | | Apply | | Cancel |

The default impact factors, standard LRFD and LFD factors will be used as they were in Example 4a so we
will skip to Structure Definition. Bridge Alternatives will be added after we enter the Structure Definition.
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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.

Mew Superstructure Definition

@ Girder Spgtem Superstucture
Girder Line Superstructure
Floor Spatem Superstructure
Flaor Line Superstructure
Truss System Superstructure

Trusz Line Superstiucture

Concrete Multi-Cell Box Superstructure

EX5)

Superstructure Definition 'Wizard

Reinforced Concrete Slab System Superstiucture

QK. |[ Cancel l

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

below:
4D Girder Systern Superstructure Definition EI@
Definition Analysisl Spec:sl Engine
; Frame Stucture
: Girder Spst Al 1=
Loy Girder System Simnplified D efinition
Drescription: Y| Dol ips
Concrete A
Defaulk Urits: | 15 Cust - | Enter Span Lengths
MEOMaY, Along the R eference For PS anly
Number of spans: 1 Z Lin=: Average hurnidity:
= Length
Hurnber of girders: & = ooy (ft) 70000 5
1 120.00
Member Alk. Types
Steel
| P/S
RAC
Timber
Horizontal Curvature: Along R eference Line
Harizartal cureature Digtance from PC to first support line; ft
Superstructure Alignment Start tangent length: #t
Curved
e ft
Tarmgent, curved, tangent fedis)
Tangent, curved Diretions: | ==
Curved, kangent E nd tangent length; ft
Diztance from last support line to PT: fr
Design speed: mph
Supereley ation; A
| QK | | Apply | | Cancel

Click on Ok to save the data to memory and close the window.
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The partially expanded Bridge Workspace tree is shown below:

i

Bridge Workspace - P51 Training Bridge EI@

= M P51 Training Bridge
do ([ Materials
-~ [_] Beam Shapes
(] Appurtenances
([ Diaphragm Definitions
([ Lateral Bracing Definitions
—1 Impact / Dynamic Load Allowance
HMFF LRFD Multiple Presence Factors
(L7 Factors
([ LRFD Substructure Design Settings
EC Environmental Conditions
- OF  Design Parameters
Y JoERTRUCTURE DEFINITIONS|
EI ..... b Girder Systern
------- — Impact / Dynamic Load Allowance
- Eﬁ Load Case Description
------- 4 Framing Plan Detail
....... OLS Diaphragm Loading Selection
....... i Structure Typical Section
....... 24 Superstructure Loads
....... (L) Stress Limits
....... (3 Prestress Properties
- [ Shear Reinforcement Definitions
- [ MEMBERS
g I GL
I G2
I G
I G4
IG5
I G&
....... ([ CULVERT DEFINITIONS
....... (L] BRIDGE ALTERNATIVES

Last Modified: 7/28/2015 PS1-10
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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 Example 4a.

The partially expanded Bridge Workspace tree is shown below:

Bridge Workspace - PS1 Training Bridge

Lol ]

- &M PS1 Training Bridge
[
- [ Diaphragm Definitions

. [Z3 Lateral Bracing Definitions

- = Impact / Dynamic Lead Allowance
- WP LRFD Multiple Presence Factors

. [ Factors

- [ LRFD Substructure Design Settings
. B¢ Environmental Conditions

(22 Materials
(L1 Beam Shapes
[0 Appurtenances

- OF  Design Parameters
- (L3 SUPERSTRUCTURE DEFINITIONS

..... b Girder System

- [[3 CULVERT DEFINITIONS
. (L] BRIDGE ALTERMATIVES

EI ----- m Bridge Alternative 1 (E] (C)
- [ SUPERSTRUCTURES
i - TE Structurel

4 Stiffness Analysis
[C7 PIERS
(L3 CULVERTS

B D SUPERSTRUCTURE ALTERMATIVES

i TE Structure Alternative 1 (E) (C) (Girder System)

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

™ Load Case Description

(=& sl

Load Case Name Description Stage Twpe Lnz
p g WP {Days)
Parapets Composite (long term) (Stage 2) =j0DDC |
Future Wearing Surface Composite (long term) (Stage 2) ||| D DWW

*Prestrezsed members anly

Add Default Load
Cagze Dezcriptions

MNew

” Duplicate ” Delete l

oK

] [ Apply

][ Cancel ]

Last Modified: 7/28/2015
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Double-click on Framing Plan Detail to describe the framing plan. Enter the appropriate data as shown
below.

M Structure Framing Plan Details EIIEI

Mumber of spanz = |1 Mumber of girders = |6

Lapout | Diaphragms

Girder Spacing Orientation

@ Perpendicular ta girder

Skew _
Si rt (&)
Uppo (Degrees: 1 Along support
1 0.0000
2 0.0000

Girder Spacing
Girder (ft)

Bay | start of| End of
Girder || Girder

1 9.00| 9.00

2 .00 | 9.00

3 8.00| 9.00

4 00| %.00

5 g.00 | 9.00

[ ak ][ Apply ][ 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.

Diaphragm Wizard @

Diaphragm Spacing
@) Enter number of equal spaces per span

(") Enter equal spacing per apan

(") Enter groups of equal spacing

Support diaphragm load: kip

Interior diaphragm load; kip

Length Number of
(ft) Equal Spaces
1 120.00 Z

Span

| <Back || Fnish | | Cancel | | Hep |

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:
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Select Ok to close the window.

M Structure Framing Plan Details EI@
Murmber of spanz = |1 Mumber of girders = &
Diaphragms
Girder Bay: |1 - Copy Bay To, Diaphragm
“wiizard...
Start Dist: Diaph End Dist
Support a (:}ance ISEDECI':-IQITI Number Length " (:}Ence Load Dianh
Number - - - P g of Spaces (ft) - - - (kip) iapnragm
Left Girder Right Girder (ft) 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 5§0.00 1 50.00 50.00 50.00 — Mot Assigned — = |
1 =] 120.00 120.00 0.00 1 0.00 120.00 120.00 — Mot Assigned — | »|
[ Mew H Duplicate H Delete ]
[ u]. ][ Apply ][ Cancel ]

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:

™ Structure Typical Section

f=]-E S|

Distance from left edge of deck to | Distance from right edge of deck ta

superstructure definition ref. line

| superstiucture definition ref. ine

<

Deck
y thickness

Referance Line

L_ Superstructure Definition /
1

by

Left overhang

¥

e

f——i

Right overhang

| Deck | Deck [Cont'd) I Parapet I tedian I Railing I Generic I Sidewalk I Lane Position | Stiped Lanes I ' Earing Surfacel

Superstiucture definition reference lineis | within - | the bridge deck.

Start End
Distance from left edge of deck to 5 E_Dar o5 53
superstiucture definition reference line = i ft i ft
Distance from right edge of deck to 25 50 2550
superstructure definition reference line = : ft § ft
Left overhang = 3.00 it 3.00 it
Computed right overhang = |3.00 ft 3.00 ft
[ ] J I Apply ‘ I Cancel
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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.

™ Structure Typical Section

=)o =)

Left averhang

Deck crack control parameter: 130,000

Sustained modular ratio factor

Digtance from left edge of deck to i Diztance fram right edge of deck to

superstructure definition ref. line

|, uperstructure definition ref. line

Deck
4 thickness

o

L_ Superstructure Definition
| Reference Line
1

s

F

s

—

Ny

—— Right overhang

Deck | Deck [Contd] | Parapet I Median I Failing I Generic I Sidewalk | Lane Position I Striped Lanes | Wearing Surface

Deck concrete: [Deck Concrete

7

Total deck thickness: 50000 i

Load case: [Engine Aszzigned

7

kipin
3.000

Deck exposure factor:

Parapets:

Add two parapets as shown below.

]S ][ Apply ” Cancel

™ Structure Typical Section

o] -]

Back

Frant

Deck | Deck [Cant'd] | Parapet | Median I Railing I Generic I Sidewalk I Lane Position I Stiped Lanes | “Wearng Surface

Last Modified: 7/28/2015

Edge of Deck Distance At Distance At Front Facel
Hame Load Caze | Measure To| Dist. Measured Start End Orientation
From (ft) (ft)
300 PLF Parapet = | Parapets |=|Back | =|LeftEdge |=| 0.00 0.00|Right |«
300 PLF Parapet = | Parapets |=|Back | RightEdge |=| 0.00 0.00jLeit -
[ MHew ] [ Duplicate ] [ Delete ]
[ (0] l l Apply l l Cancel l
PS1-14 AASHTOWare BrD/BrR 6.7
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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 ==

- (2] I
(B, — Superstructure Definition Feference Line

L Travelway 1 L Travelway 2 __J

| Deck | Deck [Contd) | Parapet | Median | Railing | Generic | Sidewalk | Lane Posiion | Stiped Lanes | Wearing 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 (A) At End (B)
(ft) (ft) (ft) (ft)
1 -24.00 24.00 -24.00 24.00

LRFD Fatigue
Lanes available to trucks:

[7] Override Truck fractior: ’ Mew ] [ Duplicate l ’ Delete ]

[ Ok ” Apply H Cancel l

Wearing Surface:
Enter the data shown below.

M Structure Typical Section = =

Distance from left edge of deck to i Distance from right edge of deck ta
superstructure definition ref. line |, uperstructure definition ref. line

| .
Superstructure Definition
Deck .
\  thickness ! Reference Line /
¥ T
Left overhang E

— —+ Right owerhang

| Deck I Deck [Cont'd) I Farapet I Median I Railing I Generic I Sidewalk I Lane Position I Stiiped Lanes | Wearing Surface

‘Wearing suface material  Bituminous

Diescription:
Wearing sutace thickness = 2.0000 7] Thickness fiekd measured (Dw = 1.25 if checked)
Wearing suface density = 150.000

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

Ok l [ Apply ] [ Cancel

Click Ok to save the data to memory and close the window.
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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 [ | =[]
Mame: B.5 ksi Concrete Stress Limit
Description: Strezs limit for 6.5 ksi concrete used in beam
Concrete Materal: |PS 6.5 ksi -
LFD LRFD

Iriitial allowsable compression:  3.300 ki 3.300 ksi
Initial allowwable tensior:  0.200 ksi 0.200 bl
Final allowable compression;  3.300 ki 3900 ks
Final allowable tension:  0.484 ksi 0.484 ksi
Fimal allowable DL compression: 2600 ksi 2928 bl
Final allowable slab compression;  2.700 ksi 2,700 e
Final allmwable compresszion: 2600 ksi 2. B00 s

[LL +1/2[Fe + DL]]

1 oK | A pply | | Cancel
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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.

'

% Prestress Properties EI@
Mame: 172" LR AASHTO Loss
General P/S Data | | g3 Data - Lump Sum | Loss D ata - PCI|
F/S strand material; [14"2" [Pd-270) LR '] Jacking stress ratio; 0.750
Loz method: [MSHTD Approzimnate "’] P45 transter stress ratio;

Tramafer time: 240 Hourz

Age at deck placement; 30.00 Days

Loss Data - 44SHTO Firalage | 152200 |Days

Percentage DL; 0.0 =
[T Inchude elastic gainz
(] 4 { [ &pple ] [ Cancel
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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.

e

™ Shear Reinforcement Definition - Vrtical @

Marme: H4 Shear Reinf.

— ] —

b aterial: ||3f~3':|8 1] -
Bar zize: |4—'|
Humnber of legs: 200
Inclination [alphal: 300 Degrees
Wertical
. Shear
Henarcement
@
oKk § | Appk || Concel
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A partially expanded Bridge Workspace is shown below.

Bridge Workspace - P51 Training Bridge EI@

E

O PS1 Training Bridge

[ [ Materials

[ (] Beam Shapes

- [_] Appurtenances

....... (L] Diaphragm Definitions

------- (L1 Lateral Bracing Definitions

------- j Impact / Dynamic Load Allowance

------- MFF LRFD Multiple Presence Factors

- [ Factors

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

....... EC Envirconmental Conditions

....... OF  Design Pararneters

- ] SUPERSTRUCTURE DEFINITIONS

= bt Girder System

------- j Impact / Dynamic Load Allowance
....... 2t Load Case Description

------- & Framing Plan Detail

....... OLS Diaphragm Loading Selection
....... i Structure Typical Section

....... <& Superstructure Loads

=[] Stress Limits

o T 8.5 Ksi Concrete Stress Limit
[} [ Prestress Properties

o @ 1/2" LR AASHTO Loss
=[] Shear Reinforcement Definitions
- (23 Vertical

. [ #4 Shear Reinf

.. (I3 Horizontal

I G6
....... (£ CULVERT DEFINITIONS
& (Z1 BRIDGE ALTERNATIVES
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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.

™ Member =3 E=R
Member name; G1 Link with: | Nane v]
Description; -

Existing | Current| Member Aternative Name | Description |

Mumber of spans; |1

Span Span
No. Length
(ft)
1 120.00

0K ] [ 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:

Prestrezzed [Pretensioned] Concrete PS5 Precast Bos

Reinforced Concrete PS Precast |
Steel PS5 Precaszt Tee
Timber PS5 Precast 1

ok ] [ Cancel

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

e

M

Member Alternative Description

(=]l 2 ]

tember Alternative: | Precase | Beam sltemativel

Description | Specs | Factors | Engine | Impart

Dezcription:

Girder property input method
#® Schedule bazed
Cross-section bazed

Self Load

Load caze: | Enagine Azsigned W
Additional self lnad =

Additional zelf load = 4

Crack control parameter [£]
Top of beam: kipdin

Battom of beam: kip/in

Control Options

Material Type:  Prestrezzed [Pretenzioned

Girder Type: PSS Frecast |

Default Units: | US Customary v

Default rating method:

LFD W

Exposure factor
Top of bearmn:

Bottorm of bean:

Apply Cancel

-
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Next describe the beam by double clicking on Beam Details in the tree. The Beam Details windows with
the appropriate data are shown below.

M Beam Details [E=5 E=R
Span Detail | Stress Limit Ranges | Slab Interface | Web End Block,
Span Girder Prestress e F‘rnjed?un
Number Beam Shape Material Properties Use Creep n Leﬂ End R|g|'!t End
{in} {in}
1 BT-72 »||PS 6.5 ksi » | 1/2° LR AASHTO Loss | = |(No - 6.0000 6.0000
[ ok ] [ Apply ] l Cancel [
PS1 - 22 AASHTOWare BrD/BrR 6.7

Last Modified: 7/28/2015



AASHTOWare Bridge Design and Rating Training — PS1 - Simple Span Prestressed | Beam Example

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. This is due to the fact that AASHTOWare Bridge Design
and Rating does not yet know if we have adjacent box beams or spread box beams.

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 determine if we have adjacent or
spread box beams. 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 determine if you have adjacent or spread box beams and compute the distribution
factors for you.

i "

o Live Load Distribution =[5 S

Standard | LRFD

Digtribution Factor Input Method
(® Use Simplified Method () Usge Advanced Method

[ Allowy distribution factars to be uzed to compute effects of permit loads with routine traffic

Distribution Factor
Lanes (Wheels)
Loaded
Shear Sl Moment Deflection
Supports

1 Lane 1222 1.222 1.222 0.333
Mult-Lane 1222 1.222 1.222 1.000

Compute from

Typical Section... View Lalcs
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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 E=8 =8~
Span Detail | Stress Limit Ranges | Slab Interface I ‘wieh End Blnckl
Start End
Niﬁ::rlr Name Distance Le(nﬁg}m Distance
(Tt} (ft}
1 |=|/8.5 ksi Concrete Stress Limit  |» 0.00 121.00 121.00
[ Meww ] [ Duplicate ] [ Delete ]
| (1] 4 | [ Spply ] [ Cancel
Enter value in Slab Interface tab as shown below.
Last Modified: 7/28/2015 PS1-24

AASHTOWare BrD/BrR 6.7




AASHTOWare Bridge Design and Rating Training — PS1 - Simple Span Prestressed | Beam Example

™ Beam Details E\@
| Span Detail | Stress Limit B anges | Slab Interface | wieb End Blnckl
Interface type: [Intentionall_l,l Roughened vl
Default interface width to beam widths
Interface width: in
(G g (. 100 ki =
Friction factar: 1.000
g 0.300
Kz 1.800 ksi
oK | Aok || Cancel
Click Ok to save the Beam Details data to memory and close the window.
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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.

(=[5 ]S

M Strand Layout - Spanl
BRRQ 4 |[E® | 100% -
Description Type
P andCES only @ Strands in nows
Strand Corfiguration Type
i [¥] Symmetry
| Shaight/Debonded
@ Harped
_ Harped and straight debonded
@ Mid span
Harp Paint Locations
Left end i i
) Leften Harp Paint Dlst;‘nc:e Riﬁ-,":ls
Right end (f L
Left 0.00 | 0.0000
Right 0.00 | 0.0000
QK I [ Apply ] I Cancel
4 n

1

LR R A A R N @ v ar ey ey i oy o o o ae L gy oy 4y 4
LR R A A R N @ v ar ey ey i oy o o o ae L gy oy 4y 4

L B N J
[ X N
X N
LE
*e

uminer of sirands = 44
Huminer of REnDed strangs = 0

O of sirands | mezsuned from Domnom of section) = S52 n

Legend

2. hoo sirand 2% Fiks posilon 2t e curTent saction 1ozstion

<. a0 strand 28 Bl posklon 2t e Gurrent Iozatkn Dut 3 Sirand bs Narped 1o Bl posikn
¥ 4 s cooupies Bl posikn 3 e current section loation

- The strand s oetsondexd 3t e current Section location

O The strand s demondedd Detween e Curment section and e mid-span

W T e o of 2 nampe v

B Ty i posion of 2 Farpe sirand

© Tiva mi-zpan pasin of e sirand and e amed posin of oier sirand

B saeel

m
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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 strands in the right hand schematic.
Select the top 10 strands 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.

&M Strand Layout - Span 1 =aea
By | [ € E % = 100% -
Fa -
D escription Type
IPandCGSonly @ Strands in rows
3 . L
Strand Configuration Type e
S 7] Syrmmetry s
(") Straight/D ebonded e @
@ Harped bl
. L B
) Harped and straight debonded Y
P
~ Mid span W
b
Harp Paint Lozations S
@ Left end i " KX
‘ Harp Point Distance Ra.d|1|.|5 e
: (ft) (in}
Fight end oW
Left 4850 | 0.000 S
i 3
Right 43.50 | 0.0000 N
X
oA
Ao
pal
oy
A
e
o 4
T
O |=
HoH
P
& O
oo
& &
@@
Ok ] l Apply ] l Cancel : :
.
L
Numer of strands = 44
Nurmiper of harped strands = 10
©F of strands {messuned from Bomom of section) = 15,08 In
Legend:
)< Mo sirand 2 ils posiion 3t M2 current 5ection location
x No sirand 3 ils posiion 3t M2 curnent Iocation Dt 3 sirand ks Marped Yo Tis posfion
4 strand ooouples ik position 2t e current section locatin
% Tno strand s debonded 3t e current section location
¥ The strand ks debonded between e Gurrent section and fhe mid-spa1
. The ramped position of 2 Ranped strand.
@ The mid-span position of 2 fanped strand
The mid-50an position of one strand and e Narpad posiion of anomer strand.
4 m 3 ® e o
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Next open the Deck Profile and enter the data describing the structural properties of the deck. The window
is shown below.

M Deck Profile =N = ==

Type:  FS Pracast|

Deck Concrete | Reinforcement

Start Effective| End Effective | Start Effective| End Effective
Start End Structural
. Support| . Length| . " Flange Width | Flange Width | Flange Width Flange VWidth
Dist; Dist; Thicki
SZETZ Number B(aﬂgce () B(il; ce 'CU::S"’ (Std) (5td) (LRFD) (LRFD) n
(in} fin} fin} (in}
Deck Concrete |« 1 = 0.00 | 120.00 120.00 7.5000 50.0000 50.0000 108.0000 108.0000

’ MNew ” Luplicate ” Delete ]

[ ak ] [ Apply ] [ Cancel ]

No reinforcement is described.
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The haunch profile is defined by double clicking on Haunch Profile in the tree. The window is shown

below.

o

My PS Haunch Profile

=] O

Last Modified: 7/28/2015
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1 '
3 a3
| N [
1 Z3
73 24—
=tart End
Support Length | 2z | zm | ze | vi | v21 ¥3
Number | Diance E(H Distance| oy | oy | oy | oy | om | oo | qGm)
ift) (fty
1 =] 00012000 120.00]0.0000 [0.0000 [0.0000 |0.0000 |0.5000 | 0.5000 | 0.0000
l =T ll Duplicate H [elete ]
[ (] 4 ” Apply ” Cancel l
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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 Reinforcerment Ranges EI@
‘ Start Distance N ISgacingl
Wertical | Horizantal
Spar:
Extends Start = End
Name into Diztance N;?gg;:f Sp(ﬂi:;rlg LT:FIﬁ%th Distance
Deck (ft) (ft}
#4 Shear Reinf. |w| 0.50 1 0.0000 0.00 0.50
#4 Shear Reinf. = | 0.50 120 12.0000 120.00 120.50
. " Stirup Design et
Stimup Wwfizard... ‘ Toal... | Calcs ‘ [ Mew ] [ Duplicate l [ Delete ]
[ CFE. ] [ Apply l [ Cancel l

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.
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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.

M Analysis Settings fo|l-E ]

) Design Review @ Rating Rrating Method [LHFH v]

Analysiz Type:

[Line Girder -

fie Fequested Apply Preference S etting: [NDHE ']
Vehicles | Dutput | Engine | Descriptinn|
Traffic Direction: -
[ Refresh ] [ Temporarny YWehicles... ][.ﬁ.dvanced... ]
Wehicle Selection: Wehicle Surnmary:
EI Standard - Add to = Rating Vehicles
. L H 1544 siadg - LRFR
- H 20-44 - Design Load Fiating
- HL-33 (51) =
- HL-S3 (5] e HLAA3 [US)
- H5 15-44 R [=- Operating
- HS 20[51] mee L0 lLoHLE3([US)
--HS 20-44 1 rnm_ i = Fatigus
- Lane-Type Legal Load S| Analysiz - LRFD Fatigue Truck [US)
- LIRFD Fatigue Truck [S1] EI Leqgal Load Rating
- LRFD Fatigue Truck [US) - Fouting
-~ MRL Specialized Hauling
504 i Permit Load R ating
515
- 5UB -
- 5U7
-~ Type 3
- Type 33 I
F T, Tl |
| Resst | [ Clar | [OpenTemplate | | Save Templaie ok [ ey |[ Cancel
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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.

D Analysis Results - Precaste ] Bear Alternative

=3 e )

Report Type

[ Fiating Results Summary

-

Lane/Impact Loading Tyupe

@ AzRequested () Detailed

Display Format
utiple rating levels per row -

. Inventery | Operating Legal Permit | it o i Legal Permit Inventory} Inventery | Operatingf Op
Live Load Ln;_e;::ad Rating Method} Load Ratingf Load Ratingf Load Rating} Lead Rating Ra?;:nFl;gur Ratrﬂ:ri;ﬁur RatingegFﬁactur Ratin:rglactur Location| Location | Location} Lo
(Ton) (Ton) (Ton) (Ton) () Span-(%) (fty Spi
HL-83 (US}f Truck + Lane LRFR 4335 8677 1.204 1.855 50.00: 1-(50.0) 60.00: 1-
HL-83 (US)} Tandem + Lane LRFR 51.39 79.16 1428 2199 6000 1-(500) 60.00: 1-
< M +
ASSHTO LRFR Engine Version B.7.0.2004
Analysiz Preference Setting: Mone
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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:

o

™ Analysis Settings

Lo O] (el

(@ Dezign Review () Rating D esign Methad: [LHFD .l
Analysis Type:
[Line Girder hd
Az Requested Apply Preference S etting: [None 'l
Vehicles | Dutput | Engine | Deseription |
TBIZT:EE;EESE: - [ Refresh ] [ Temporarny Vehicles. .. ] [ Advanced... ]
Wehicle Selection: Yehicle Summary:
- Viehizles Add to - e
= Standard Fatigue - Design Loads
- Alemate Miltary Loading . =+ HL-83 (U5
- HL93(51) e - Permit Loads
e HLE3US) =)~ Fatigue Loads
..... HS 20(51) - ‘- LRFD Fatigue Truck [US)
- HS 2044 Tmnve
- LRFD Fatigue Truck (5] .
- LRFD Fatigue Truck (U5] Analysis
e AgEncy o7
- zer Defined -
- Tempoarary
[ Reszet l [ Clear ] l Open Template ] [ Save Template [ 0K J [ Apply ] [ Canicel
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AASHTO LRFD analysis will generate a spec check results file. Click &&" on tool bar to open the
following window.

e ~

o PS1 Training Bridge == EoR ™=

[=}- P51 Training Bridge
- Girder System
=- G1
= Precase | Beam Alternative

EI AMSHTO_LRFD
Summar_l,l of computed distribution factors
- Detailed calculations of computed distribution factors
Spec Check Results
- Log File
EI AMSHTO_LRFR
- Surnmary of computed distnbution factors
- Detalled calculations of computed distribution factaors
- Spec Check Results
- Log File

To view the spec check results (shown below), double click the Spec Check Results in this window.
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Brdge ID : 31 NBI Stucte ID . PS | Tr Bradge
Bridge : PS | Traming Bride Bridge Alt

Superstructure Def : Grder System

Member - G1 Member Al : Precaste | Beam Akemnative

Analysis Preference Setting . Nooe
AASHTO LRFD Specification, Edion 7, Interim 201

Specification Check Summary

Article Status

Initial Stress at Transfer (5.9.4.1.1, $.9.4.1.2) Pass

Final Stess due to Permanent and Transient Loads ($9.421,59422) Pass
Flemwre (5.73.2, §.7.33.2) Pass

Shear (5833, 9825 5827, 5835 Pass

Deflection (5.7.3.6.2) Pass

Initial Compression Stress At Transfer of Prestress

Locarion Allowahle Stress Actual Stress Top of Beam Actual Stress Bot of Beam Ratio Code
L] Wlsi} (ksi) (ksi)

0.000 330 0.02 064 220 Pass
2.000 -330 -0.15 -314 10§ Pass
6318 =330 <020 309 107 Pacs
12.000 3.30 028 3.01 110 Pass
24.000 -330 -0.34 -1 L12 Pass
36.000 330 032 196 11 Pass
48.000 =330 <021 -308 Lo7 Pass
60000 <330 <026 -3.03 109 Pass
72.000 3.30 021 3,08 107 Pass
84.000 -330 -0.32 -196 L1l Pass
96.000 -330 0.34 294 112 Pass
108.000 2330 028 =301 110/ Pass

113 65:‘ <330 -U:D. 309 107 Pacs
118.000 3.30 0.15 3.14 105 Pass
120.000 -330 -0.02 -0.64 520 Pass

NR = Spec check not requred at this location

Initial Tension Stress At Transfer of Prestress
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