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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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AASHTOWare Bridge Design and Rating Training

PS1 - Simple Span Prestressed I Beam Example (BrD/BrR 6.5)

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

m [E=8 [E=R ==

: _ PS1 Training Bridge P51 Tr. Bridge [T] Template Superstructures
Bridge 1D: MEI Structure 1D [2]: ] Bridge Completsly Defined R
Description | [ escription [cont'd) | Alternatives | Global Reference Paint | Traffic:l

Mame: P51 Training Eridge “ear Buil
Descrption:  This is PCl design example 3.9.3, which uses the Load Factar Design [LFD). -
Location: Length: ft
Facility Carried [7): Route Mumber:
Feat. Interzected (6]: Mi. Post:
Default Units: [US Cusztamary ~

[BndgeWare Azzociation... ] BiDR [V] BiD Birtd [ oK l [ e ] [ C—

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
Materials. The tree with the expanded Materials branch is shown

=

Bridge Workspace - P51 Training Bridge

(=[O =]

P25t Traiing e

B [ Materials

(23 Structural Steel

[Z1 Concrete

(I3 Reinforcing Steel

[Z Prestress Strand

(Z Timber

(23 5oil

[ (L1 Bearn Shapes

[Z3 Appurtenances

------- [Z3 Diaphragm Definitions

------- j Impact / Dynamic Load Allowance
------- HFF | RFD Multiple Presence Factors
(23 Factors

------- [Z3 LRFD Substructure Design Settings
------- ES Environmental Conditions

------- oF Design Parameters

------- (23 SUPERSTRUCTURE DEFINITIOMNS
....... [Z3 CULVERT DEFINITIONS

....... [Z3 BRIDGE ALTERMATIVES
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AASHTOWare Bridge Design and Rating Training — PS1 - Simple Span Prestressed 1 Beam Example

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

#M EBridge Materials - Concrete E@

M armne: Description:
Comprezsive strength at 28 daps [f'c] = g
Initial compressive strength [Foi] = kg

Coefficient of thermal expansion = 0.0000080000 4 ¢

Density [for dead loads) = kf

Denszity [for modulus of elasticity] = ke of
M odulus of elasticity [Ec) = e

Initial modulus of elasticity = ki

Poizzon's ratio = 0.200

Composition of concrete = [Nu:urmal hd

toduluz of rupture = ki

Shear factor = 1.000

Copy Ta LiI:urar_l,l...] [Eu:upy from Library. . ] [ 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.

™ Library Data: Materials - Concrete [ == =]

Name: Description Library | Units fc fci | alpha Delzl,;ity lg:;l;: M;da::ll":ﬁ: ¢ PDRB;?;I.S D’::: ;,lfuu?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 0.150 0.145 3584415 0.200 04280
Class B Class B cement concrete | Standard| S1/ Me| 17.00 0.000 | 2400.0 | 2320.00 | 19811.84 0.200 2.60
Clazs B (US) | Class B cement concrete | Standard| US Cu | 2.400 0.000 0.150 0.145 282275 0.200 0.372
Class C Class C cement concrete | Standard| 51/ Me| 28.00 0.000 | 2400.0 | 2320.00 | 25426.08 0.200 333
Clags C (US) | Class C cement concrete | Standard| US Cu | 4.000 0.000 0.150 0.145 354415 0.200 0.430

P365ksi(fc=55ks) Agency USCu 5.500 0.000 0.200
[ (u] ] [ Apply ] [ Canicel
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AASHTOWare Bridge Design and Rating Training — PS1 - Simple Span Prestressed 1 Beam Example

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

(=] )

Mame: PS5 6.5 ksi

Description: PS5 6.5 ksi [f'e = 5.5 ksi]

Compressive strength at 28 days [fic] = 6.500
Imitial compressive strength (fei] = 5.500
Coefficient of thermal expanzion = 0.0000080000
Density [for dead loads) = 0.150
Dersity (for modulus of elasticity) = 0.150
Moduluz of elasticity [Ec) = 488773
Initial modulus of elashcity = 4439606
Poisson's ratio = 0.200

kezi
kezi
1/F

Composition of concrete = | Mormal

Modulus of rupture = 0610

Shear factor = ||

ki

| Copy To Library. .. | | Copy from Library... | [

Ok

/| |

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:

#™ Bridge Materials - Concrete

E=N HoR (>

Mame: Deck Concrete

Description:  Deck Concrete

Compressive strength at 28 daws [f'c) = 4.500 e
Iritial compressive strength [foi) = e
Coefficient of thermal expansion =  0.0000060000 4 ¢

Density [for dead loads) = 0,150 -
Density [for modulus of elasticity] = 3865.200 it
Modulus of elasticity (Ec) = 364415 el
Initial modulus of elasticity = 0.00 e
Poiszon's ratin = 0.200
Composzition of concrete = | Mamal -
Modulus of pture = 0.503 ks
Shear factor = 1.000

Copy To Libray... | | Copy from Library.. | |

0F,

Apply Cancel
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AASHTOWare Bridge Design and Rating Training — PS1 - Simple Span Prestressed 1 Beam Example

e

#M Bridge Materials - Reinforcing Steel

MWare: Grade B0

Specified yield strenath [Fy] =
Maodulus of elasticity [Ez) =

Lt s e =

Type
@ Plain
Epowmy
G alvanized
Other

Material Properties

£0.000

25000.00

30.000

Description; B0 ksi reinfarcing steel

kesi

ksi

ksi

Copy To Libramn... | [ Copy from Library... ] |

DK,

Apply Cancel |

M Bridge Materials - PS5 Strand

E=SECE =<

Mame: 142" [P&-270] LA

Strand diameter =

Strand area =

0.5000
0153

Description;  Lew relaxation 1/2"/Seven Wire/fpu = 270

Strand type = |

Low Relaxation

ltimate tensile strength [Fu) =
“ield strength [Fy] =

Moduluz of elasticity [E] =
Tranzfer length [Std] =
Tranzfer lenath [LRFD] =

IInit load per length =

270.000
243.000
28500.00
25.0000
30.0000
0520

Epory coated

Copy To Library... | [ Copy fram Libran,. . ] |

] 4

Apply Cancel

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 Bridge

(o ][E =]

= #M P51 Training Bridge

i (L Materials

B [Z] Beam Shapes

E ----- [Z3 Prestress Beam Shapes

- [ Box Beams

) cear]

[ Tee Beams

. [Z2 U Beams

----- [Z7 Steel Beam Shapes

----- (21 Timber Beam Shapes

= [E3 Appurtenances

- [0 Diaphragm Definitions

. :1,_ Impact / Dynamic Lead Allowance
... MFF LRFD Multiple Presence Factors
- [ Facters

- [ LRFD Substructure Design Settings
- EC Environmental Conditions

- DF Design Parameters
o [ SUPERSTRUCTURE DEFINITIONS
- [C3 CULVERT DEFIMITIONS

. L BRIDGE ALTERMATIVES

-

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

The window shown below will open.

M PS1Beam =8 (E=R/5
Name: | T|:||:_| Flange Type
() Marrow
Dezcription: @ 'wide
Dimensions | Properties | Mild Steel | Strand Giid

e in |

™ =l
. [ Deck,
in
in [] Fradius Fillst

’ Copy To Library. .. ] [ Copy from Library... ] [

0k H Apply ” Cancel l

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 I Beam window as shown

below.
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AASHTOWare Bridge Design and Rating Training — PS1 - Simple Span Prestressed 1 Beam Example

@ PS Lfeom ESS[EeR S
Name; BT-72 Top Flange Type
h armow
Description:  A45HTO-PCI Bulb-Tee BT-72 3 ‘Wide
Dimensions | Properties | Mild Steel | Stand Grid
420000 .
o d »
1 s, % Deck
—L2.EIDDEI - -
20000 ] R adiuz Fillet
£.0000 F20000
_ 45000
I G.0000
L J
o
26.0000 4,
| Copy To Library. .. | [Cop_l,l from Library. . ] [ ak ] | Spply | | 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.

e

#M Bridge Appurtenances - Parapet

(=[O )

Mame: 200 PLF parapet

Dezcrption:

All dimensions are in inches

‘_1 Additional Load = kindft
3.0000 Parapet unit load =
3.0000 ] | |—5_nnnn 01500 of
Reference e Eﬂ?dwa}r‘ Calculated Properties
Lirie ¥ [0.0000 Hiace Met centroid [from
ry reference lingl =
180000 B.344 in
¥ 5
¥ o Total load
:E 0.300 kip./tt
Back Front 30000
Copy fram 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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AASHTOWare Bridge Design and Rating Training — PS1 - Simple Span Prestressed 1 Beam Example

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 System Superstructune
1 Girder Line Superstructure

1 Floor System Superstructure

_1 Floor Line Superstructure

1 Truss Syetem Superstructure
) Truze Line Superstiucture

I Reinforced Concrete Slab Spsten Superstructure

=3

OF. I [ Cancel

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

below:
™ Girder Systemn Superstructure Definition EI@
Drefirition | Analyziz I Specs I Engine
- Gi Frame Stucture
Mame:  Gider System ] Simpified Defintion
Description: Deck type:
Concrete -
Default Units: | 1J5 Cust - | Enter Span Lengths
Lo, Along the Reference For PS only
Humber of spanz: 1 = Uiy Average humidity:
= Length
Mumber of girders: & = Span [ty 70.000
1 120.00
Member Alk. Types
[ Steel
F/S
[FIRLC
[ Timber
Harizantal Curvature Along Reference Line
[ Horizantal curvature Distarice from PC to first support line: ft
Superstructure Alignment St et (el Bt
@) Curved
s ft
Tangent, curved, tangent Fiadius:
Tangert, curved Direction: Left
Curved, tangent End tangent length; ft
Distance from last support line to PT: ft
Design speed: mph
Superelevation: %
I Ok, I | Apply | I 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:

Bridge Workspace - P51 Training Bridge EI@
= M PS1 Training Bridge

[ (L] Materials

[ (L] Beam Shapes

m-- 3 Appurtenances

(23 Diaphragm Definitions

------- :1,_ Impact / Dynamic Load Allowance

------- HFF | RFD Multiple Presence Factors

[ [ Factors

------- [Z3 LRFD Substructure Design Settings

------- Ec Environmental Conditions

OF  Design Parameters

Y s TrucTURe DerTIONS|

E| brf Girder System

------- :l,_ Impact / Dynamic Load Allowance
------- 2% Load Case Description

------- AF Framing Plan Detail

....... DLS Diaphragm Loading Selection
------- i1 Structure Typical Section

------- ¢ Superstructure Loads

....... (2 Stress Limits

(L] Prestress Properties

(2 Shear Reinforcement Definitions
[Z3 MEMBERS

Gl

G2

G3

G4

G5

. GB

....... (23 CULVERT DEFINITIONS

------- (Z2] BRIDGE ALTERNATIVES

HHMHHHH

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 - P51 Training Bridge EI@

= &M PS1 Training Bridge

[ (20 Materials

[ [ Beamn Shapes

[ (L Appurtenances

....... [Z1) Diaphragm Definitions

------- :1,_ Impact / Dynamic Load Allowance
------- HFF LRFD Multiple Presence Factors
@ [_] Factors

------- [Z1) LRFD Substructure Design Settings
EC Environmental Conditions

....... OF Design Parameters
- [Z1 SUPERSTRUCTURE DEFINITIONS
: b Girder System
....... (23 CULVERT DEFINITIONS
[ [0 BRIDGE ALTERNATIVES

E| ----- My Bridge Alternative 1 (E) (C)

E| (C1 SUPERSTRUCTURES

; E| ..... T Structurel

s
== Structure Alternative 1 (E) (C) (Girder System)
o Stiffness Analysis
[Z3 PIERS
[Z3 CULVERTS

Last Modified: 7/31/2013 PS1-10
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Click Load Case Description to define the dead load cases. The completed Load Case Description window
is shown below.

M Load Case Description

re e ]
Load Caze Name Description Stage Type uz
P g ¥p {Days)
Parapets Compesite (long term) (Stage 2) |=|(DDC |=]
Future Wearing Surface Composite (long term) (Stage 2) | =|DDW |

*Prestrezzed members anly Add Defaull Load
Caze D escriptions

[ Mew

] [ Duplicate ] [

Delete l

Lok [ e

” Cancel ]

Last Modified: 7/31/2013 PS1-11
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Double-click on Framing Plan Detail to describe the framing plan. Enter the appropriate data as shown
below.

#™ Structure Framing Plan Details EI@

Number of spans = | 1 MNumber of girders = &

Lapout | Diaphragms

Girder Spacing Orientation
@ Perpendicular to girder

Support (Dggf:as} () tlong support
1 0.0000
2 0.0000
Girder Spacing
Girder [ ft)
Bay | start of| End of
Girder | Girder
1 5.00 .00
2 5.00 | 9.00
3 5.00 | 9.00
4 5.00 5.00
Gl 5.00 9.00

[ QK. ” 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 span

() Enter groups of equal spacing

Support diaphragm load: kip

Interior diaphragm load: kip

Length Number of
() Egqual Spaces
1 120.00 2

Span

| <Back |[ Fsh || Cancel | | 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:
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M Structure Framing Plan Details EI@
Murmber of spans = | 1 Mumber of girders = |6
Diaphragms
Girder Bay: |1 - Copy Bay To. Diaphragm
‘izard...

Support Startl?flts}tance Dlsap:cr;gm Number Length =i Iigﬁiance Load Diagh

Number - - - pacing of Spaces (ft) - - - (kip) EEEEL

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 50.00 1 60.00 60.00 60.00 — Mot Assigned — |« |

1 |- 120.00 120.00 0.00 1 0.00 120.00 120.00 — Mot Assigned — |« |

[ MNew ” Duplicate ” Delete ]
[ Ok ][ Apply H 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:

i

M Structure Typical Section

superstiucture definition ref. line

Distance from left edge of deck to | Distance from right edoe of deck to
|, superstructure definition ref. line

i ” :
— auperstructure Definition /
1

\ . &?cckkness |  Reference Line
P — T —
Leftoverhang |, —— -1

o Right overhang

Deck | Deck [Caont'd) I Parapet I hedian I Railing I Genenc I Sidewmalk: I Lare Position | “wearing Surface

Superstructure definition reference line iz | within w | the bridge deck.

Start End

Distance from left edge of deck to o5 SDar o5 53
superstructure definition reference line = : ft : ft

Distance from right edge of deck to 35 5[] 5 50
superstructure definition reference line = ’ ft ) ft
Left overhang = .00 ft 200 i
Computed right overhang = | 3.00 ft 3.00 it

| ok { [ Apply ] [ 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.

i

#M Structure Typical Section

E=SEch <"

Distance from left edge of deck to | Distance from right edoe of deck to
superstiucture definition ref. ine |, superstructure definition ref. line

i ” :
— Superstructure Definition
\ . &?cckkness | FReference Line

f — ¥

Leftoverhang |, ——

" o Right overhang
Deck | Deck [Cant'd) | Parapet I bedian I R ailing I Genemic I Sidewalk; I Lane Position | Wearing Surface

Deck concrete: [Deck Concrete "]
Total deck thickness; S-0000 in
Deck crack control parameter; 130.000 kipdin

Sustained modular ratio factor; 2.000

Deck expozure fachar:

Ok ] [ Apply ] [ Cancel

Parapets:
Add two parapets as shown below.

s

M Structure Typical Section

Back

Front

| Deck | Deck [Cont'd]| Parapst | Median | Railing

| Generic | Sidewalk | Lane Position I YWearing Surface
Edge of Deck Distance At Diztance At
A Front Face
Name Load Case | Measure To | Dist. Measured Start End rientation
From (ft) (ft)
300 PLF parapet | = | Parapets | Back |=|LeftEdge || 0.00 0.00 |Right -
300 PLF parapet || Parapets |»|/Back | =|Right Edge |- 0.00 0.00 |3 i
[ Mew ] [ Duplicate ] [ Delete ]
[ QK. ] [ Apply ] [ Cancel ]
Last Modified: 7/31/2013 PS1- 14
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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.

M Structure Typical Section = Ech
" 4) e

(B 4— Superstructure Definition Reference Line
L Travelway 2 _J

Travelway 1

| Deck | Deck [Cont'd) I FParapet | Median I Railing | Generic I Sidewalk| Lane Pasition |Wealing 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 Travelv_-'_ay to Superstru;ture Travelw_aytu Superstru-_:ture Travelvf'_ay to Superstru;ture
Number Definition Reference Line Definition Reference Line Defintion Reference Line Definttion Reference Line
At Start (4) At Start (B) AtEnd (A) AtEnd (B)
(ft) (Tt} (ft) (ft)
1 -24.00 24.00 -24.00 24.00
LRFD Fatigue

Lanes available to trucks:

[F & Truck fraction: [ New ” Duplicate H Delste l

[ QK ” Apply ” Cancel ]

Wearing Surface:
Enter the data shown below.

M Structure Typical Section = Ech

Digtance from left edge of deck to i Digtance fram right edge of deck to
superstructure definition ref. line |, s4perstructure definition ref. line

i .
Superstructure Definition
Deck 2
\ 4 thickness ! Reference Line /
I T :I:

Left overhang ——— Right overhang

| Deck | Deck [Cont'd) I FParapet | tedian I Railing | [enenc I Sidewalk I Lane F'Dsition| wearing Surface

Wearing suface material.  Bituminous

Drescription:
pceicbiioesli ety 20000 o i Ficlirmss el rosasred [OW = 136 i dhesked)
Wearing suface density = 150000

Load case: | Future Wearing Suface VI Eapy from Library...

[ QK ][ 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

(=[O sl

Mame: £.5 ksi Concrete Stress Limit
Deesalfla: Stress limit for 6.5 ksi concrete used in beam
Concrete Material: | PS 6.5 ksi -
LFD LRFD

Initial allowable compression:; 3300 ksi 3.300 ksi
Initial allowsable temsion: 0.200 ksi 0.200 i
Final allowable compression;  3-900 ks 3.300 kzi
Final allowable tension:  0.4584 ksi 0.484 ks
Final allowable DL compression;  2.600 ksi 2925 ks
Final allowable slab compression; 2,700 ksi 2700 ks
Final allovaable compresszion: 2 600 ke 2.600 ke

[LL +1/2[Pe + DL])

£ ok 1 | | | Cancel
Last Modified: 7/31/2013 PS1-16
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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.

M Prestress Properties EI@
Marme: 172" LR AASHTO Loss
General P45 Data | Lozs Data - Lump Sum I Logs Data - F'I:Il
P/S strand material: [”2” [Pwf-270) LR "l Jacking stress ratio: 0.750
Logs method: [MSHTD Approximate ""l P/S transfer stress ratio;

Transfer time; 240 Hours

Age at deck placement: 30.00 Days

Loss Data - S4SHTO Finalage: 192200 Days

Percentage DL: 0.0 2
[ Include elastic gairs
Ok [ Apply ] [ 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

{M Shear Reinforcement Definition - Vertical E@

Mame: 4 Shear Reinf,

Material: |Grade kD ~
Bar size: |4 h
Murnber of leqs: 2o
Inclination [alpha): 0.0 Deqgrees
Yertical
Shear
Reinforcerment
1 ok { | Apply | | Cancel
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A partially expanded Bridge Workspace is shown below.

i )

Bridge Workspace - P51 Training Eridge EI@
= M P51 Training Bridge

- (L] Materials

[#-- [_J Beam Shapes

- [ Appurtenances

....... ([ Diaphragm Definitions

------- :1,_ Impact / Dynamic Load Allowance

------- HEF | RFD Multiple Presence Factors

- [ Factors

------- (L1 LRFD Substructure Design Settings

....... EC Environmental Conditions

------- OF  Design Parameters

= (L3 SUPERSTRUCTURE DEFINITIONS

= b Girder System

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

------- 4 Framing Plan Detail

....... OLS Diaphragm Loading Selection

....... m Structure Typical Section

....... & Superstructure Loads

S} [0 Stress Limits

- T 6.5 ksi Concrete Stress Limit
=-- ([ Prestress Properties

b gl 1/2" LR AASHTO Loss

= [ Shear Reinforcement Definitions
S [ Vertical

: ‘. [F) #4 Shear Reinf.

(L3 Herizental

Gl
G2
G3
G4
GS
G6
....... (23 CULVERT DEFINITIONS
w21 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.

P

M Member EI@

Member name;  G1 Link, with: | Mane v]

Drezcription: -

Existingl Currentl Member Atternative Name| Descriptiun|

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 I for the Girder Type.

i 1

Mew Member Alternative @
b aterial Type: Girder Type:
Preztrezzed [Pretensior « FS Precast | -

ed [Pretenzioned] Concrete
Reinforced Concrete
Steel
Timber

] 4 ] [ 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.

i

M Member Alternative Description E@

Member Altemative;  Precasze | Beam Alternative

Description:

- Material Type: | Prestreszed [Pretensioned

Girder Type: | PS Precast |

- Diefault Lnits:

Girder property input method
(@ Schedule bazed
Crozgz-gection bazed

Detault rating rmethod:

Additional Self Load LFD -
Additional zelf load = kip it

Additional self load =

il

Crack contral parameter [£)

Top of beam: kipdin
Battom of bearn: kip/in
Exposure factor

Top of beam:

Battom of beam:

Ok ] [ 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 =R
-
Span Detall | Stess Limit Ranges I Slab Interface | Web End Block
Span B =h Girder Prestress Use C =i PI’DJBC‘t?DI‘I
Number | D53M=Nape Material Properties 3tz U Left End Right End
(in} (in}
1 BT-72 «||PS 8.5 k=i | 1/2" LR AASHTO Loss | w|[Ne - 5.0000 §.0000

[ 0K ] [ Apply ] [ Cancel B
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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 "

M Live Load Distribution o = |
Standard | LRFD

Distribution Factar Input M ethod
@ Usze Simplified Method (71 Usze Advanced Method

Distribution Factor
Lanes (Wheels})
Loaded
Shear STETT Moment Deflection
Supports
1 Lane 1222 1.222 1.222 0333
Multi-Lane 1.222 1.222 1.222 1.000

Compute from
Typical Section

‘ Yiew Calcs

£ ok |[ Apply H Cancel
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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.

D Beamn Details

Lo )lE ]

Span Detail | Stress Limit Ranges | Slab Interface I “Web End Blockl

s

Start End
Niﬁi:-ler Name Distance L'“‘(nﬁ?h Distance
(ft) (ft}
1 |=||8.5 ksi Concrete Stress Limit | 0.00 121.00 121.00
l Mew ] l Duplicate ] l Delete ]
| (1] 4 | [ Apply ] [ Cancel
Enter value in Slab Interface tab as shown below.
PS1 -24 AASHTOWare BrD/BrR 6.5
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{M™ Beam Details

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

Interface type; [Intenlionally Roughened v]

Default interface width to beam widths

Interface width;

Cohesion factar: 0100 ki E
Friction factar: 1.000

g1, 0300

gz 1800 ksi

| Ok, |[ Apply ” 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.

™ Strand Layout - Span 1 EI@
B((Fa Q¢ BE% =~ -
Description Type i
P andCGS only @) Strands in rows
Strand C-onfiguration Type Symmetry é é
~ Straight/Debonded WO
@) Harped O
. XX
1 Harped and ztraight debonded WX
>
@ Mid span s
oA
Harp Pairt Locations A
Left end : i s
_ LEft en Harp Point Dlsta‘nce Rﬁ.dll‘.ls 5% 5%
A (ft) (in}
Right end N
Left 0.00 | 0.0000 s
Right 0.00 | 0.0000 % 5%
MK
® XK
XX
Pty
O
MK
X
XX
KX
> E
X
oA
* &
* &
* &
- .
* *
ak. I [ Apply ] I Cancel oo o
L E B N N N J
LE B N B 3 J
Numper of strands = 44
Number of harped sirands = 0
& of strands (mesuned from Domom of section) = 582N
Legend:
>'< o strand 3t ik posiltion 3t ;e curnent section location
>< No strand 3t Miks posiion 3t e curnent location bt 3 strand ks harped %o Tiks posiion
4 strand oocuples s posiion 2t Me current s2cekn location
7o sirand s debonded 2 e current sectkn loctin
] The strand Is denondad batween e curment saction and e mid-span
T narped posiiion of 2 narped sirand
& The mid-span position of 3 harped strand
The mid-span posiion of one strand and he harped poskion of anoiner strand.
4 LLI] B g el 7
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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 - Span1 EI@
| 100% ~
L &
Description Type
VP andCGS anlp @) Strands in rows
. . & &
Strand Configuration Type
; B & Symmetry L
_) Shaight/Debonded & &
@ Harped bl
. L
" Harped and shaight debonded W
oA
) Wid gpan O
paae
Harp Pairt Locations O
@ Left end i i oA
. Harp Point DIStﬂI:IC& Raldl\us s
. (ft) (in}
Right end W
Left 4350 | 0.000 % 5%
Right 5
g 48.50 | 0.0000 Y
A
X
A
Pt
paae
M
X
oA
XX
P =
O
X
& @
& O
oo
o @
& o
ak Appl [ |
) ) (s =<
L B
* &
Number of strands = 44
Number of harped strands = 10
G of strands (mezsuned from Domom of section) = 15.09 I
Legend:
X N0 £irand 3 ks poskion 3 Me current s2CTion location
X No sirand 3t Mils posiion 3t e curnent location but 3 strand s harped 1 Tiks posiion
¥  strand ooouples mils posiion 22 e current section locatkn
. The strand ks debonded 3t T8 current Saction looation
O The strand ks debonded between The current section and e mid-span
L The hanped posikion of 3 hamped sirand.
B Tns mis-span postion of a Parped strand
o The mid-span posiion of one strand and ™e Ranpad poskion of anomer strand.
1 L] * By sieel 2

Last Modified: 7/31/2013 PS1-27 AASHTOWare BrD/BrR 6.5



AASHTOWare Bridge Design and Rating Training — PS1 - Simple Span Prestressed 1 Beam Example

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

M Deck Profile o |[-E | 3]

Type: PS5 Precast|

Deck Concrete | Reinforcement

Start Effective| End Effective | Start Effective| End Effective
Start End Structural
. Support| . Length| . " Flange Width | Flange Width | Flange Width | Flange Width
Dist: Dist Thick
Materal | umper [ PSEREE| -y | DS RS st (std) (LRFD) (LRFD) !
(in} (in} (in} (in}
Deck Concrete |»| 1 |= 0.00 (120.00 | 120.00 7.5000 50.0000 50.0000 108.0000 108.0000

[ MNew ][ Duplicate ][ Delete ]

[ ok [ ey || 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

 PS Haunch Profile = Eow ==

=)
71 73
77 L4—

Support D_Sttﬂ” Length D_Et”d z z2 zZ3 Z4 1 v2 | w3
Number ‘5(;';“ [ty ‘5(;';“ iy | oy | ocny | o@iny | ) B ogimd | iy

1 |= 0.00 (120,00 [ 120.00 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.5000 | 0.5000 | 0.0000

[ M ey H [Duplicate H Delete ]

[ Ok ” Apply ” Cancel ]
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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 Reinforcement Ranges EI@
‘ Start Distance . lSQacingl
Vertical | Horizarntal
Span
Extends Start ) End
Number of 5 Length
MName: into Distance ;:Ez;; p;nc}lng E::r;tg} 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
- ; Stirrup Design Wiew
Stirmup Wwizard... | Toal.. | 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 I 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.

D Analysis Settings

[o ]l sl

Yehicles | Ouitput | Engine | De3cription|

(71 Design Review @ Rating Riating Method: | LRFR ,]
Analyziz Type:

Line Girder -

A3 Requested Apply Preference Sething: [NDHE V]

Traffic Direction:

Both directions -

Wehicle Selection:

- 5ta

ndard

- H15-44

- H 20-44

- HL-93[S1)

- HL-93 [US]

- HS 15-44

- HS5 20 [51]

- H5 20-44

- Lane-Type Legal Load
- LRFD Fatigue Truck (S]]
- LAFD Fatigue Truck [15]
- MAL

514

- 55

- SUE

- SU7

- Type 3

- Type 3-3

T AT

m

[ Refrezh ] l Temporary Vehicles. .. ] l Advanced.. ]

Wehicle Summary:

Add to
Riating

Remowve
from

Analysis

[=1- Fiating Yehicles
=- LRFR

=8 Drezign Load Rating
EI Irrventary
. L HL-93(US)
EI Operating
 LoHLE3[US)
=8 Fatigue
. LRFD Fatigue Truck (U5]

= Legal Load Rating

- Routing

i Specialized Hauling
- Permit Load Fating

[ Feset ” Clear ] [Dpen Template] [ Save Template

ok [_ew |

Carcel
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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.
&M Analysis Results - Precase ] Beam Alternative E@
Report Type Lane/lmpact Loading Type Display Format
[Hatmg Results Summary | @ &3Requested () Detailed tutiple rating levels per row -
Inventory Operating Legal Permit I q 0 i 2] Permit Inventory | Inventory | Operating| Ops
Live Load L“'TE "‘fd Rating Method | Load Rating| Load Rating| Load Rating| Load Rating RE;'I‘;;"F:gw leﬁ?:&fﬂr Ratm;g:a ctor Hatm;rg ctor| Location | Location | Location | Lo
b (Ton) (Ton) (Ton) (Ton) ) | spani)| (ft) | Spe
HL-83 (US)| Truck+Lane LRFR 41.25 62.92 1.148 1.748 80.00: 1-(50.0) 60.00: 1-
HL-83 (US) | Tandem + Lane LRFR 48.91 74.60 1.358 2072 80.00: 1-(50.0) 60.00: 1-
4 I b
A8SHTO LRFR Engine Yersion B.5.0. 2001
Analysis 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:

P

D Analysis Settings

(o] |ms]

Yehicles | Ouitput | Engine | De3cription|

@ Design Review ") Rating Design Method:
Analyziz Type:
Lire Girder -
Az Requested Apply Preference Setting: [NDHE ']

LRFD v

Traffic Direction:

Wehicle Selection:

Both directions -

= Yehicles

£} Standard

L Alternate tilitary Loading
HL-93 (5

- HL-93[U5]

- HS 20[51]

- LRFD Fatigue Truck (5]
i LRFD Fatigue Truck [US)

[ Refrezh ] l Temporary Vehicles. .. ] l Advanced.. ]

Wehicle Summary:

Add to = ks
Feligrs = Design Loads
i LoHLE3US)
>> Permit Loads
=B Fatigue Loads
L LAFD Fatigue Truck [US]
Remowve
from
Analysis
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AASHTO LRFD analysis will generate a spec check results file. Click &&" on tool bar to open the
following window.

M PS1 Training Bridge

Lol =]

= G

=- P_S1 Training Bridge
= Giirder System

B~ Precase | Beam Altemative

£ AASHTO_LRFD

Lag File

(- A4SHTO_LRFR
Spec Check Resultz

Lag File

27

Bridge - PS1 Training Bridge
Superstructure Def : Girder System
Member : G1
Analysis Preference Sefting : None

NBI Structure ID - PS1 Tr. Bridge
Bridge Alt

Member Alt : Precase I Beam Alternative

AASHTO LRFD Specification. Edition 5. Interim 2010

Specification Check Summary

Article Status
Initial Stress at Transfer (5.9.4.1.1, 5.9.4.1.2) Pass
Final Stress due to Permanent and Transient Loads (5.9.42.1,5.9.422) Pass
Flexure (5.732,57332) Pass
Shear (3.8.3.3,5.8.2.5,3.8.2.7,5.8.3.5) Pass
Deflection (5.7.3.6.2) Pass

Initial Compression Stress At Transfer of Prestress

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

Location A]lnwabl? Stress Actual Stress '.l'np of Beam Actual Stress ?ut of Beam Ratio Code
() (ksi) (ksi) (ksi)
0.000 -330 -0.02 -0.64 520 Pass
2.000 -330 -0.15 314 1.05 Pass
6311 -3.30 -0.20 -3.09 1.07 Pass
12.000 330 0.28 301 1.10]  Pass
24.000 -330 -0.34 -2.94 112 Pass
36.000 -330 -0.32 -2.96 111 Pass
48.000 -330 -0.21 -3.08 1.07 Pass
60.000 -330 -0.26 -3.03 1.09 Pass
72.000 -3.30 -0.21 -3.08 1.07 Pass
£4.000) 330 0.32 296 111]  Pass
96.000 -330 -0.34 -2.94 112 Pass
108.000 -3.30 -0.28 -3.01 1.10 Pass
113.689) 330 -0.20 -3.00 107 Pass
118.000 -330 -0.13 314 1.05 Pass
120.000 -330 -0.02 -0.64 520 Pass
NR = Spec check not required at this location
Initial Tension Stress At Transfer of Prestress
Location A]lnwablf Stress Actual Stress '.l'np of Beam Actual Stress Eut of Beam Ratio Code
(ft) (ksi) (ksi) (ksi)
0.000 0.20 -0.02 -0.64 99.00 Pass
2.000 0.20 -0.13 314 99.00 Pass
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