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PS2 - Three Span Spread PS Box Beam Example

BrD and BrR Training
PS2 - Three Span Spread PS Box Beam Example

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

M 3SpanSprdBoxTrainingBridge EI@

S panSprdBoxTra [T] Template Superstuctures
[ Bridge Completely Defined  [] Culvarts

Description | Description [cont'd) I Alternatives | Global Reterence Paint I Traffic I Cuztan Agency Fields|

ASpanSprdBaxT rain

Bridge 1D: MBI Structure 1D [8];

35pan Sprd Box Trn Bridoe

Marne: ear Built:

Description; 3 span spread PS box bearn bridge mads continuaus far live load thraugh cortinuity -

Location: Lenath: ft
Facility Carried [7]: Foute Humber:
Feat. Intersected [B): tdi. Post:
Default Units: |US Customary -
AASHT O are Aszociation. .. BiR Bl Brtd

] ][ Apply H Cancel

Close the window by clicking Ok. This saves the data to memory and closes the window.
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To enter the materials to be used by members of the bridge, click on the

to expand the tree for Materials.

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). Enter the following data for the concrete to be used for the beam:

™ Bridge Materials - Concrete

Lol )

Mame: 6 ksi Beam Concrete

Compreszive strength at 28 days [fc] =
Initial compreszive strength [f'ci] =
Coefficient of thermal expanzion =

Denszity [for dead loads] =

Denzity [for modulus of elasticity] =
Std Modulus of elasticity [Ec) =
LRFD Modulus of elasticity [Ec] =
Std [ritial moduluz of elasticity =
LRFD Initial modulug of elasticity =
Poizzon's ratio =

Compaozition of concrete =
Moduluz of upture =

Shear factar =

Splitting tenzile strength [fot] =

Dezcriphion:

B.000

ksi
5.100 Mo
00000060000 4.4
0.150 kel
0.150 ki
4635.93 ke
489593 ki
4329.43 ki
4329.48 ki
0.200
Marmal -
0.588 Mo
1.000

ksi

Copy To Librany... | | Copy from Librany... | [ (1] 4 ] |

Apply | | Cancel

Last Modified: 7/19/2016

Click Ok to save the data to memory and close the window.
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Create another new concrete material to be used for the deck concrete. Add the concrete material “Class A (US)”

from the Library by clicking the Copy from Library button.

M Library Data: Materials - Concrete [ = |[=
- ; . . DL Modulus | 5td Modulus] LRFD Poisson's
Name Description Library Units. e fci | alpha Density | Density of Modulus o Ratin

Class A Class A cement concrete | Standard | S1/ Metric 28.00 0.0000|2400.00 2320.00| 25426.08| 25426.08 0.200

Class A (US) Class A cement concrete Standard US Customary

Class B Class B cement concrete | Standard | S/ Metric 17.00 0.0000)2400.00| 2320.00| 19811.84| 15311.84 0.200

Class B (US) |Class B cement concrete | Standard |US Customary | 2.400 0.0000 0.150 0.145 2822 75| 282275 0.200

Class C Class C cement concrete | Standard | S1/ Metric 28.00 0.0000)|2400.00| 2320.00| 25426.08| 25426.08 0.200

Class C (US) |Class C cement concrete |Standard |US Customary | 4.000 0.0000 0150 0.145 3544.15| 384415 0.200

0k I ’ Apply l ’ Cahcel

Select the Class A (US) material and click Ok. The selected material properties are copied to the Bridge Materials —

Concrete window.
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™ Bridge Materials - Concrete

Compressive strength at 28 days o] =  4.000
Initial compressive strength (Foi] =
Coefficient of thermal expanzion = 0.0000080000
Density (for dead loads) = 0.150
Dienzity [for modulus of lasticiy) = 0.745
Std Modulus of elasticity [Ec) = 3644.15
LRFD Modulus of elasticity (Ec) = 364415
Std Iritial modulus of elasticity =
LRFD Initial modulus of elasticity =

Poizzon's ratio = 0.200

Mame: Class A [US) Description: Class & cement concrete

bezi

Composition of concrete = | Marrmal

bodulus of upture = 0.480
Shear tactor = 1.000

Splitting tenzile strength [fot] =

bezi

kzi

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

Cancel

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

Last Modified: 7/19/2016 4



PS2 - Three Span Spread PS Box Beam Example

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

windows will look like those shown below:

#™ Bridge Materials - Reinforcing Steel El@
Mame [Grade B0 Description: B0 ksi reinforcing steel
b aterial Properties
Specified yield strength (Fy] = 60.000 ks
bodulus of elasticity (E5) = 23000.00 ks
Eimana st fFigf= 90.000 ki
Type
@) Plain
Epowy
[Galvanized
Other
Copy To Library. .. | | Copy from Library. . | [ (] ] | Apply ‘ | Cancel |

#M Bridge Materials - PS Strand EI@

Mame: 172" [Maf-270] LR Descrption;  Low relaxation 1/2"/Seven Wwire/fpu = 270
Strand diameter = 0.5000 in
Strand area = 0,153 i
Strand type = | Law Relaxation -
LIltimate tenzsile strength [Ful = 270,000 kesi
“Yield strength [Fy) = 243.000 k=i
Moduluz of elasticiey (E) = 28500.00 ki
Tranzfer lenath [Std] = in
Tranhsfer length (LRFD) = 30,0000 B
Uriit load per length = 0.520 b/t
Eposy coated
Copy To Librany... | | Copy from Libran... | [ Q. l | Apply | ‘ Cancel
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To enter a prestress beam shape to be used in this bridge expand the tree labeled Beam Shapes:

Bridge Workspace - 35panSprdBoxTrainingBridge EI@
= M 35panSprdBoxTrainingBridge
S [Z3 Materials

....... (L3 Structural Steel
5 [CJ Concrete
....... T 6 ksi Beamn Concrete
fe T Class A (US)
- [ZJ Reinforcing Steel
. @ Grade60
=} [ Prestress Strand

o @ 172" (W-270) LR
....... (L Prestress Bar
- [ Timber
....... L3 Soil
= [ Beam Shapes
|_:_| ..... ([ Prestress Beam Shapes

..... 8] Box Beams|

< [[] Tee Beams

‘. (I3 UBeams

- L Steel Beam Shapes

- [_] Timber Beamn Shapes

- [ Appurtenances

- [ Connectors

....... (L1 Diaphragm Definitions

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

------- j Impact / Dynamic Load Allowance
------- HFF LRFD Multiple Presence Factors

[ [ Factors

------- ([ LRFD Substructure Design Settings
....... EC Envircnmental Conditions

....... OF  Design Parameters
- [ SUPERSTRUCTURE DEFIMITIONS
- [ BRIDGE ALTERMATIVES

Last Modified: 7/19/2016 6
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Click on Box Beams in the tree and select File/New from the menu (or double click on Box Beams in the tree). The

window shown below will open.

M PS Box Beam EI@

Name: | T_l,lp_e af Waid
() Rectangular
Dezcription: @ Circular
Dimensions | Properties | Mild Steel | Strand Grid|
(7] 3-vaid [01. D2, D1) in Cetter bo center
L—pl diztance of voids
— 2 in in
3] HH‘V Ij:i:L
in
- —_— in
in
Diamet
— Mo, of woids
| in | Diameter = in
Copy To Library. .. ] [Eop}l from Library... l [ 0k ] l Apply ] [ Cancel
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Select the Type of Void as Rectangular and click on the copy from Library button. Select BI1-48 (AASHTO-PCI

BI11-48) and click Ok. The beam properties are copied to the Box Beam window as shown below.

M PS Box Beam =5 |ESR|
Name: Ell-48 T_I,I|:|_e of Waid
@) Rectangular
Description; AASHTO-PCIEN-43 Circular
Dirnenzions | Properties | kild Steel I Strand Grid|
72500
I T= 55000 .
¥
= . = 30000 .
0700 o, B.ooOD B1 in
1 soomn Bz- 30000
50000 33.0000 .
B3 = 3.0000 i
F 29000 B4= 30000
4s.0000
[ Copy To Library... l [ Copy from Library... ] [ 0k, l [ Apply ] [ Cancel

Click Ok to save the data to memory and close the window.
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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 click the Copy from Library button. Select Jersey Barrier and click
Ok. The parapet properties are copied to Parapet window as shown below. Click Ok to save the data to memory

and close the window.

™ Bridge Appurtenances - Parapet = || =] ER

Mame +ersey Barier

Descrption:  Standard Mew Jersey B arrier

Al direngions are in inches

‘_i Additional Load = kipit

2.0000 Parapet unit load =
12.0000 —| ‘ |—?'.EIEIEIEI 01500 ki
Reference [ gu?dway Calculated Properties
Line ¥ (.0000 Hrace Met centraid [from
& reference linel =
19,0000 EED
¥ =
* 100000 Total load
:E 0.505 kip./Tt
Back Frant 30000
Copy fram Libran... | [ (] ] | Apply | | Cancel

The default impact factors, standard LRFD and LFD factors will be used 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 window shown below will open.

Mew Superstructure Definition @

@ Girder Spstem Superstiucture

Girder Line Superstructure Superstructure Definition 'wizard

Floor System Superstructure

Floor Line Superstructure

Truzs Syztemn Superstructure

Truzzs Line Superstructure

Reinfarced Concrete Slab System Superstiucture

Concrete Muli-Cell Box Superstructure

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

M Girder System Superstructure Definition EI@
Definition | Analyziz I Specs I Enginel
MWame: 5 Girder System | Frame Structure:
’ Simplified D efinition
Dezcription: Deck type:
Concrete
Default Units: | 15 Customar « | EnterSpan Lengths
L .-’-‘«_Iong the Reference Faor PS only
Murmber of zpans: 3 = Line: Aiwerage humidity:
= Length
Mumber of girders: B = £1Tn (ft) 4
1 75.00
60.00 Member &kt Types
3 50.00 [] Steel
F/5
EIr/C
[ Timber
Harizontal Curvature Along Reference Line
Horizantal curyature Diztance from PC to first suppaort line: ft
Superztructure Alignment Sehbeira sl t
(@) Curved
s ft
Tangent, curved, tangent Radius:
Tangent, curved Direction: Left
Curved, tangent End tangent length: ft
Distance from last support line to PT: ft
Dresign speed: mph
Superelevation: #
Ok l [ Apply ] [ Cancel
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Span lengths for a prestressed beam structure made continuous for live load should be entered as follows:

Span Length Span Length Span Length

l&— CL Brg l«— CL Pier CL Pier —» CL Brg —»

Click on OK to save the data to memory and close the window.

The partially expanded Bridge Workspace tree is shown below:

Bridge Workspace - 35pan5prdBoxTrainingBridge EI@
= M 35panSprdBoxTrainingBridge

d-- (L] Materials

- [ Beam Shapes

d-- [ Appurtenances

d- [ Connectors

------- [L1 Diaphragm Definitions

------- ([ Lateral Bracing Definitions

------- — Impact / Dynamic Load Allowance

------- HFF LRFD Multiple Presence Factors

[ [ Factors

------- [C2 LRFD Substructure Design Settings

....... EC Envirenmental Conditions

[
[
[
E

....... OF  Design Parameters

=W ] SUPERSTRUCTURE DEFINITIONS

a ..... b 5 Girder System

------- :1,_ Impact / Dynamic Load Allowance
------- 24 Load Case Description

------- A& Framing Plan Detail

------- Ea Bracing Deterioration

....... BSC Bracing Spec Check Selection
------- % Structure Typical Section

------- #& Superstructure Loads

[ [0 Stress Limits

[ [Z Prestress Properties

i [Z1 Shear Reinforcement Definitions
= [ZJ MEMBERS

..... I Gl
..... I G2
..... I 53
..... I G4
..... I G5
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We now go back to the Bridge Alternatives and create a new Bridge Alternative, a new Superstructure, and a new

Superstructure Alternative as we did in previously.

The partially expanded Bridge Workspace tree is shown below:

Bridge Workspace - 35panSprdBoxTrainingBridge EI@
= 4 35panSprdBoxTrainingBridge

@ (2] Materials

[ [ Beam Shapes

E

[

i [ Appurtenances

i [_1 Connectors

------- [Z1 Diaphragm Definitions

------- [C1 Lateral Bracing Definitions

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

------- (L LRFD Substructure Design Settings
------- EC Envircnmental Conditions

..... b 5 Girder Systemn

= [ BRIDGE ALTERNATIVES

[EST Bridge Alternative #1 (E) (C)
EI ..... (L3 SUPERSTRUCTURES

S T Superstructure #1
..... ([ SUPERSTRUCTURE ALTERMATIVES
i T Stiffness Analysis
i [0 PIERS

Last Modified: 7/19/2016 13
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Click Load Case Description to define the dead load cases. The completed Load Case Description window is shown

below.
™ Load Case Description EI
- Time*
Load Case Mame] Description Stage Type Days
Dead Load 2 Composite (long term) (Stage 2} |[=|(D,DC -

*Prestrezzed members only 4dd Default Load
[ New ] [(Duplesw ] [ Dome

[ k. ][ Apply ” Canicel ]

Last Modified: 7/19/2016 14
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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 EI

MNurnber of spans = |3 Number of girders = |5

Lapout | Diaphragms

Girder Spacing Orientation
@ Perpendicular to girder

Skew
(Degrees)
0.0000
0.0000

0.0000 Girder Spacing
0.0000 Girder (ft
Bay Start of | End of
Girder | Girder

Support () Along suppart

ol LN I

1 7.50| 7.50
2 7500 T.50
3 7.50| 7.50
4 7.50| 7.50

[ ok | ek |[ Cancel
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Switch to the Diaphragms tab to enter the exterior 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: 1.0000 kip
Interior diaphragm load: 1.0000 kip
Snan Length Number of
p (ft) Equal Spaces
1 75.00 2
50.00 2
3 50.00 2
<Back | Fnsh | | Cancel | | Hebp

Last Modified: 7/19/2016 16
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Click the Finish button to add the diaphragms and loads. The Diaphragm Wizard will create diaphragms and loads

for all of the girder bays in the structure. The diaphragms created for Girder Bay 1 are shown below.

M Structure Framing Plan Details

Diaphragms

Murnber of spans = | 2

Nurnber of girders = |5

Girder Bay: |1 -

Copy Bayp To...

Wizard...

Start Distance

Diaphragm

End Distance

Select Ok to close the window.

o Il Il e I Il = -
Left Girder Right Girder (ft)y Left Girder Right Girder
1 = 0.00 0.00 0.00 1 0.00 0.00 0.00 1.0000 |- Not Assigned - ||
1 x| 0.00 0.00 37.50 1 37.50 37.50 37.50 1.0000 |— Not Assigned — | »|
2z x| 0.00 0.00 0.00 1 0.00 0.00 0.00 1.0000 |— Not Assigned — ||
Z = 0.00 0.00 30.00 1 30.00 30.00 30.00 1.0000 |— Not Assigned — ||
3 =] 0.00 0.00 0.00 1 0.00 0.00 0.00 1.0000 |— Not Assigned — ||
3 =] 0.00 0.00 30.00 1 30.00 30.00 30.00 1.0000 |— Not Assigned — | = |
3 = 50.00 50.00 0.00 1 0.00 50.00 50.00 1.0000 |- Not Assigned - ||
’ New ] ’ Duplicate ] ’ Dielete ]
ak ] [ Apply ] [ Cancel ]

While Framing Plan Detail is selected in the BWS tree, open the schematic for the framing plan by selecting the

View Schematic toolbar button

displayed.

& Schematics: Framing Plan View

B(aa ¢ @™ |ms -

)

or Bridge/Schematic from the menu. The following schematic will be

[E=S[E=R S

-

—|—=|—=|—

==

Last Modified: 7/19/2016

17



PS2 - Three Span Spread PS Box Beam Example

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

o] -G |ms]

Left averhang

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

superstiucture definition ref. line

[ SYPerstiucture definition ref,

line

<

Deck,
1 thickness

L_ Superstructure Definition
| Reference Line
1

v

o

—

F

Ny

—

Right overhang

Deck | Deck [Cont'd) I Parapet | tdedian I Railing I Generc I Sidewalk I Lane Position | Stiped Lanes | Wearng Suiface

Superstructure definition reference ling is | within | the bridoe deck.

Stark End

Distance from left edoe of deck ta 18 ?Ear 18 ?g
superstructure definition reference line = : ft : ft

Distance from lighF gl_:lge of deck to 1875 1875
superstructure definition reference line = ft ft
Left overthang=  3.78 ft 378 ft
Computed right overhang = | 372 ft 78 it

Ok, ] I Apply I I Cancel
Last Modified: 7/19/2016 18
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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.

M Structure Typical Section E\@

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

H — H
l— Superstructure Definition
\ . E?cckkness | Reference Line
E 1‘ E

Left averhang +—— Right overhang

Deck | Deck [Cont'd) | Farapet | Median | Railing I Generic | Sidewalk, I Lane Pogitian | Striped Lanes I YWearing Surface

Deck concrete: [ Class & [US] - l
Total deck thickness; 20000 if
Load caze: [Engine Aszigned v]
Deck crack contral parameter: kipdin

Sustained modular ratio factor, 2000

Deck exposure factor:

ak. H Apply ” Cancel
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Parapets:

Add two parapets as shown below.

M Structure Typical Section

Back Front

| Deck | Deck [Contd)| Parapet | Median

Railing | Genernc I Sidewalk. | Lane Position | Stiped Lanes | YWearing Surface
Edge of Deck Distance At Distance At Front Face
Name Load Case Measure To | Dist. Measured Start End Otientaiion
From [t} (fth
Jersey Barrier || Dead load2 | = | Back |=||LeftEdge [=| 0.00 0.00 [Right ||
Jersey Barrier || Dead load2 | = | Back |>||Right Edge || 0.00 0.00 |Left hd

[ Mew ][ Duplicate ][ Delete ]

[ ()4 H 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.

M Structure Typi

cal Section

(=[5 |l

[&]

|:+|

Travelway 1

&

I

Travelway 2

[E], — Superstructure D efinition Reference Line

o

| Deck | Deck [Cont'd] | Parapet | Median | Railing | Genernic I Sidewall | Lane Position | Striped Lanes | Wearing Surfacel

Distance From Left Edge of

Trawvelway to Superstructure

Distance From Right Edge of
Travelway to Superstructure

Distance From Left Edge of

Distance From Right Edge of

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

Last Modified: 7

/19/2016
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Travelway Travelway to Superstructure | Travelway to Superstructure

Number Definition Reference Line Definition Reference Line Definition Reference Line Definition Reference Line

At Start (&) At Start (B) At End (A) AtEnd (B)
(ft) (ft) (ft} (ft)
1 -17.00 17.00 -17.00 17.00

LRFD Fatigue

Lanes available to trucks:

[] Overide Truck fraction: [ New l [ Duplicate ] [ Delete ]
[ 0K l [ Apply l [ 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 “6 ksi Beam Concrete” 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 Strecc Limit Sets - Concrete EI@

Name: 6 ki Stress Limit
Description:
Caoncrete Material: | 6 ksi Beam Concrete -
LFD LRFD

Initial allowable compression;  3.060 ki 3.060 ki
Iritial allowable tension: 0.200 e 0.200 ki
Final allowable compression:  3.600 ki 3600 ki
Final allowable tengion:  0.4E5 e 0.4E5 ki
Firal allowsable DL compression: 2400 ki 2700 ks
Final allowable slab compression: 2400 ki 2.400 ksi
Final allowable compression: 2 400 ksi 2400 ks

[LL + 142[Pe + DL

k. I | Apply | | 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 AA5HTO Loss

General P/S Data | Logz Data - Lump Sum | Logz Data - PCI |

F/S ztrand matenal: [1-"'2" [M-270) LR '] Jacking stresz rahio: 0.730
Loss method: [MSHTD Approximate '] P45 transfer stress ratio:
Transfer time: |20 Howrs
Age at deck placement: 30.00 Diaps
Loss Data - A4SHTO Finalage: 12200 Days
Percentage DL: 0.0 5

[T Include elastic gains

0k, ] [ Apply ] [ Cancel
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Define the vertical shear reinforcement by double clicking on Vertical (under Shear Reinforcement Definitions in
the tree). Define the reinforcement as shown. The | shape shown is for illustrative purposes only, it is not mean to

display the actual beam shape. Click Ok to save to memory and close the window.

#M Shear Reinforcement Definition - Vertical El@

Mame:  H#4 Stimups

M aterial |Grade ED -
Bar size: |4 A
Murnber of legs: 200
Inclination [alpha): 0.0 Deqgrees
Yertical
Shear
Reinforcement
ok || ek || Cancel
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A partially expanded Bridge Workspace is shown below.

Bridge Workspace - 35panSprdBoxTrainingBridge

=

fTy 35panSprdBoxTrainingBridge

i [_] Materials

i [ Beam Shapes

i [_] Appurtenances

i [ Connectors

------- (L] Diaphragm Definitions

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

------- j Impact / Dynamic Load Allowance
------- HFF LRFD Multiple Presence Factors
[ [_] Factors

------- (L] LRFD Substructure Design Settings
------- Bt Environmental Conditions

{ oy Ty O ey (N e

....... OF  Design Parameters

= [ SUPERSTRUCTURE DEFINITIONS

= b 5 Girder System

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

....... 24 Load Case Description

------- & Framing Plan Detail

....... ([ Bracing Deterioration

....... BSC Bracing Spec Check Selection

....... m Structure Typical Section

....... =& Superstructure Loads

S} [Z] Stress Limits

- O 6 ksi Stress Limit

= [ Prestress Properties

L [1/2" LR AASHTO Loss

=} [Z] Shear Reinforcement Definitions
S, il

f ] 24 Stirrups

b [ Horizontal

- [ MEMBERS

- [ BRIDGE ALTERNATIVES

Last Modified: 7/19/2016 25
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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.

M Member E=R[E=H
Member name: G2 Lirk with: | Mone v]
Dezcription: -
Existingl E‘.urrentl Member Alternative Narnel Desu:riptiunl
Mumber of spans |2
Span Span
No. Length
[i4]
1 75.00
2 60.00
3 60.00
Ok ] [ Apply ] [ Cancel

Last Modified: 7/19/2016
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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 Box

for the Girder Type.

Mew Member Alternative @
b aterial Type: Girder Type:
zed [Fretenzioned] Concrete PS5 Precazt Box
Reinforced Concrete PS Precast |
Steel PS Precaszt Tee
Timber P5S Precast U

[ Ok J [ 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.

M Member Alternative Description E\@

Mermber Altemative: 48" PS5 Box

Description |Specs| Factorsl Enginel Impart I Contral Optiohs

Description: - Material Type: |Prestressed [Pretensioned

Girder Type: | PS Precast Box

- Default Units:

Girder property input method
@ Schedule bazed
Crozz-zection bazed

Default rating method:

Self Load LFD T
Load caze: | Engine Aszigned vl
Additional self load = kip/ft
Additional zelf load = 4

Crack control parameter [£] Expogure factor

B ottom of beam: kipfin Eottom of bean:

[ )4 ] [ Apply ] [ Cancel
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PS2 - Three Span Spread PS Box Beam Example

The Live Load Distribution window is not necessarily to be entered. At this point, BrR/BrD does not know if we
have spread or adjacent box beams. We will select the beam shape now in the Beam Details window and then BrR

will compute the LRFD live load distribution factors automatically while rating.

-5 sl

% Bearn Details
Span Detall | Continuous Support Detail | Stress Limit Fangss I Slab Interface | Continuity Diaphragm|
Span 5 =h Girder Prestress Use C e PFDJIE".I:TIDI'I
Number | ©=3M =Nape Material Properties selreep; n | Left End| Right End
(in} (in}

1 Bl-42 | = |6 ksi Beam Concrete |=|(1/2° LR AASHTO Loss |=|(No hd S.0000| &©.0000

Bl-42 | = |6 ksi Beam Concrete |=|(1/2° LR AASHTO Loss |=|(No hd §.0000| 6.0000

3 Bl-42 | = |6 ksi Beam Concrete |=|(1/2° LR AASHTO Loss |=|(No hd §.0000| S.0000

[ (] ] [ Apply ] [ Cancel
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PS2 - Three Span Spread PS Box Beam Example

The Continuous Support Detail tab is only shown for a multi-span structure. The following data describes the

distances from the centerlines of bearing to the centerlines of the piers.

(=] O =]

{M Beamn Details
Span Detail| Continuous Suppoart Detai | Stress Limit B anges I Slab Interface I Continwity Diaphragml
I I I
CL of Bearing ! 0 "' CL of Bearing
an Left * L * =L #-on Right
p—CL of Fier
Support Support
Support| Distance on Distance on
Mumber Left, SL Right, SR
{in} (in}
2 50000 50000
3 O 0000 5. 0000
[ Ok J [ Apply ] [ Cancel
30
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PS2 - Three Span Spread PS Box Beam Example

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. The Stress Limit names appearing in

the listbox in the Name column correspond to the Stress Limits associated with the concrete material specified for
that span on the Span Detail tab.

#T Bearn Details

(=[]

| Span Detall | Continuouz Support Detail| Stress Limit Ranges | Slab Interface I Contiruity Diaphragm|

Span .Start Length . End
Number Name Distance (ft) Distance
(Tt} (Tt}
1 |=||6 ksi Stress Limit || 0.00 T5.50 75.50
2 | =||6 k=i Stress Limit || 0.00 59.50 59.50
3 |=||6 ksi Stress Limit || 0.00 50.50 60.50

[ e ” Duplicate H Delete ]

[ (] ” Apply ” Cancel ]
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PS2 - Three Span Spread PS Box Beam Example

The defaults on the Slab Interface tab are shown below and are acceptable.

#T Beamn Details

| Span Detail | Continuouz Support Detail I Stresz Limit Hanges| Slab Interface | Contiruity Diaphragm|

Interface type: [Intentiu:unall_l,l Roughened v]

Default interface width to beam widths

|nterface width;

Coheszion factor: 0.100 kzi
Friction factor: 1.000
k1. 0.300
k2 1.600 ksi
(] ] [ Apply ] [ Carcel
Last Modified: 7/19/2016 32




PS2 - Three Span Spread PS Box Beam Example

The Continuity Diaphragm tab is only displayed for multi-span structures. The data on this tab defines the cast-in-

place diaphragms used to make the structure continuous for live load. Press F1 while on this tab to view the
continuity diaphragm help topic describing the use of this information.

M Beam Details

=0 = ===
| Span Detail | Continuous Suppart Detail I Stress Limit Flanges | Slab Interfface | Continuity Disphragm
Left Support Right Support
Span — pp — ght Supp:
Number Material Bﬁil;ce Bar Count Bar Size Material B(i:;ce Bar Count Bar Size
1 = jhd > ||Grade 60 || 3.0000 5 hd
2 || Gradeso |»| 3.0000 6.000|5 |>||Gradesn = 3.0000 6.000|5 x|
3 |x|Gradeso |=] 3.0000 6.000|5 |~ x| x|
[ 1grare positive moment at supports in ratings [ e ] [ Duplicate ] [ Delete ]
[ ok || appb

H Cancel ]

Click Ok to save the Beam Details data to memory and close the window.
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PS2 - Three Span Spread PS Box Beam Example

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 26 strands in the schematic so that the CG of the

strands is 2.31 inches.

™ Strand Layout - Span1

B((RQ Q4+ |F@% w0 -

Lo o =]

Dezcription Tupe
1 P and CGS only @) Strands in rows
Stand Configuration Type
i Symmetry
1 Straight/D ebonded
@ Harped
" Harped and straight debonded
@) Mid span
Harp Point Lacations
Left end i i
2 Harp Point Dlst:ll:lce R?i:Lus
Right end () }
Left 0.00| 0.0000
Right 0.00| 0.0000
< I

Last Modified: 7/19/2016
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> >
= =
= 2
= s
L o s o A e e e L e i i i e
LA R 3R O BE K R O X I LA 3R BE K R OE X N

NurTiDer of STaN0S = 35

Murminer of Fearped STaNRS = 0

C@ of STands (messured from Donom of section) = 2310

&
d

Mo sand it s position af e cument saction location

Mo sTand 2t TS PoSTTion &t e cument location but 8 sand s harped to Sis posion

A STE DOTUDIS TS DoRTTion 8% T CUTER: Saction lnoation

The sTand s gaoonmed Fom e and of e basm 5 e Cuman: Saction location

The: sTand I Beboned $om Te mMid-508n 5 T Cumen: SECTion looation.

The sTand IS debonoed & offver Saotion looHkon. Hover cver She STand ko mors intarmation,
The: harped posision of & harped sTa70

The: mid-span poskin of & haped s7and

The: mig-span posion of one STaNd and e Rarped DOSEoN of anomher sTand
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PS2 - Three Span Spread PS Box Beam Example

Now select the Left harp pt. radio button to enter data concerning the harping of the strands. The Modify button can
now be used to enter the location of the harp point as a distance from the left end of the precast beam. Click Modify
and enter 22.5’ as the distance from the left end of the precast beam to the harp point in the dialog that appears.
Click Ok to close the dialog. The strand pattern at the harp point is the same as the strand pattern at the middle of

the span and cannot be modified.

Select the Left end radio button to enter the following harped strand locations at the left end of the precast beam.

™ Strand Layout - Span1 ===
| 100% ~
B &
Description Type
1 P and CGS only @) Strands in rows
Sl Gl Tt Toa R O SVl V. S S AV S
) [V] Syramatry - ™
1 Straight/Debonded e e
@ Harped > =
25 =
" Harped and straight debonded = =
Y e
} =< =
) Mid span e e
25 =
Harp Point Locations e e
@ Left end i i > =
_ Harp Point DISTEI:ICE Rald|\|.|5 - >
Right end () [ Gnp BB A AKX AKALA HHXAAXAAAL A LSS
Left 2250 0.0000 = o I B SR B O R AR R % & & Bk k& B &8 T
Right 22.50| 0.0000
MNumiper of STaNS = 25
MNumiper of hanped STanOs = 4
CO of sTands (measured from bofom of section) = 631
-
3= N sTand ot s position a1 the cuman: seztion looatin
= i wmane o s 20800 5 e SUTET KEEAT B4E 8 STENE 3 MR 18 TS 243050
- A sTand occuples This position at e cument section location.
W Ton s i doncied oo Se e of e bemm 5 She Sument pecon losstion
* The sTand is ganongand 1om e mid-SHan 10 e Sument saction ooation.
T Trm sy s cenonses a1 oTar sac0n looaTion Hover Over e STANG T more nformation
h The narpad DosEion of & hanpad STand
= The mig-span position of & hanped STand
=] The mid-span position of one sTand and The hanped posiion of another sTand
= Ml s3ee
F 1 3
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PS2 - Three Span Spread PS Box Beam Example

Enter the following data for Spans 2 and 3 in the same manner as described above. Span 2 is shown below, Span 3
has the same information.

M Strand Layout - Span 2 =0 [EE=E <D

| [100% ~
L o
Deszcription Type oree et e i bt IS i
()P and CGS only @) Strands in raws i 2 T B o
Sl o Fpeifom T L IV S S S Y S - T S S S Sl S
) Shaight/Debonded 7] Syrmety he b
() Straight/Debonde = =
@ Harped = =
= =
(") Harped and straight debonded = pod
e e
- . = =
() Mid span by by
= o
Harp Point Locations s e
= - -t =
(@) Left end i
9 Harp Point Distance RE.dIIJS e e
el &l (ft) (in} L I R e
Left 19.00| 0.0000 = - B R A A R O LI B S B N N R N A SN
Right 19.00 | 0.0000
Numiber of sTands = 24
Numbar of Nanpad STAN0S = 4
GO of sTancs (measured from DoTom of seciion) = 550 in
Legend
770 o 570 & TS DOSTTon £ T Cument SesTon losaton
= i wman o s 20a 0N B SLTET DSEUET BT 8 STINE 3 NEES 10 T 0RO
- A sTand occuples This posizion at the cument section location.
B T s im canonnag e e and of e beme 5 The Sument sasto lazaton
. The sTand is genongded TOm e miC-SHaN 20 e Cument SaCTion ocation.
[= The sTand IS geDonged & oTher Saciion IOCation. Hover over e sTand for mone Infonmasion.
. The harpad position of a harped srand
- = The mid-span position of & hanped sTand
(= The mic-span posizion of one STand and e Rarpad PosiEion of anodher STand
o= Mg s3]
< T b
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PS2 - Three Span Spread PS Box 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 ===

Type: PS5 Precast Box

Deck Concrets | Reinforcement

Start Effective | End Effective | Start Effective | End Effective
Start End Structural
. Support | Length . 5 Flange Width | Flange Width | Flange Width | Flange Width
Dist Dist Thick
Material Rt L's(:[;lc& () Ls(;:ce |c(i:}355 (Std) (Std) (LRFD) (LRFD) n
(in} (in} (in} (in}
Class A (US) =] 1 = 0.00 195.00 1595.00 7.5000 §0.0000 §0.0000 §0.0000 90.0000

’ MHew ” Duplicate ” Delete ]

[ 0k, ” Apply ” Cancel ]
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PS2 - Three Span Spread PS Box Beam Example

The deck reinforcement in the negative moment regions is described as follows.

£ Deck Profile

(o= ]

Type: PS Precast Box

Deck Concrete | Reinforcement

Last Modified: 7/19/2016

38

Start End ; Bar
L h Sid LRFD Dist
Material Support Number| Distance| ?:,tg}t Distance: Bar Count| Bar Count Bar Size B(i:I;ce Row Spacing|

(ft) (7t (in}
Grade 50 |»| 1 \=| &0.00 30.00( S0.00 11.00 11.00 |5 \=|| 2.0000|Bottom of Slab |= |
Grade 50 || 1 \x| &0.00) 30.00( S0.00 11.00 11.00 |6 \x|l 3.5000|TopofSlab  |=|
Grade 60 || 2 |=l| 45.00| 30,00 75.00 11.00 11.00 |8 |=| 3.5000|TopofShb |w|
Grade 60 || 2 |=| 4500| 30.00( 75.00 11.00 11.00 |5 \=|| 2.0000|Bottom of Slab |=|

[ e ] [ Duplicate ] [ Delete ]
[ 0k ] [ Apply ] [ Cancel ]




PS2 - Three Span Spread PS Box Beam Example

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

shape shown is for illustrative purposes only.

&M% PS Haunch Profile E@
|
I 1 1
W3 Y3
X
Z1 Z1
2 2
Start End
Support ) Length ) Z1 z2 b 3
Number D‘S(t;?ce (ft) D‘S(t;;'ce {in) (in) (in) (in)
1 = 0.00 195.00 195.00 0.5000
[ M e ][ Duplicate ][ [elete ]
[ 0K ][ Apply H Cancel ]
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PS2 - Three Span Spread PS Box Beam Example

The interior diaphragms for the box beam are entered as follows.

™ Interior Diaphragms

(=[O s

Last Modified: 7/19/2016
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Span _Start Diaphrggm Numiber of Length _ End Dia_phragm Diaphragm
Number Distance Spacing Spaces (ft) Distance Thu:l.cness and
(Tt) (fth (Tt} {in} (kip)
1 =] 0.00 38.25 1 38.25 38.25 0.2000
1 =] 0.75 0.00 1 0.00 0.75 0.2000
1 =] 75.00 0.00 1 0.00 75.00 0.2000
2 |= 0.00 2875 1 2975 2975 0.2000
2 |= 0.50 0.00 1 0.00 0.50 0.2000
2 |= 55.00 0.00 1 0.00 59.00 0.2000
3 = 0.00 2875 1 2975 2975 0.2000
3 = 0.50 0.00 1 0.00 0.50 0.2000
3 = 59.75 0.00 1 0.00 59.75 0.2000
[ =T ] [ Duplicate ] [ Delete ]
[ k. ] [ Apply ] [ Cancel ]




PS2 - Three Span Spread PS Box Beam Example

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.

™ PS Shear Reinforcement Ranges

=N [HCR (xS

Last Modified: 7/19/2016
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‘ o Start Distance » .Sgacing. £
Wertical | Haorizontal
Spat [ Copy ta Span... ]
E:-c.t&n-ds .Start Mumber of Spacing Length . =
Mame into Distance Spaces fin) (f) Distance
Deck (ft) (ft)
#4 Stirrups hd 0.75 1 0.0000 0.00 0.75
#4 Stirrups [ 0.75 99 S.0000 74.25 To.00
. : Stirrup Design Wi
Stirmup ‘/izard... ] ‘ Toal... Calcs ‘ [ = ] [ Duplicate ] [ Delete ]
[ ] 4 ] [ Apply ] [ Cancel ]




PS2 - Three Span Spread PS Box Beam Example

{™ PS Shear Reinforcement Ranges

Lo -E ]
‘ Start Diztance » .Sgacing. A
Yertical | Harizantal
Spar [ Copy ta Span... ]
Ea;tends .Start Mumber of Spacing Length ) —
Mame into Distance Spaces fin) (f) Distance
Deck (ft) (fth
#4 Stirrups [ 0.50 1 0.0000 0.00 0.50
#4 Stirrups hd 0.50 Ta 5.0000 5850 59.00
. . Stirup Design g
Stirup wizard. ] ‘ Toal... Calcs ‘ [ Mew ] [ Duplicate ] [ Delete ]

| ook | apph

][ Cancel ]
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PS2 - Three Span Spread PS Box Beam Example

{™ PS Shear Reinforcement Ranges

F-E ]
‘ Start Diztance » .Sgacing. £
Yertical | Harizantal
Spar: [ Copy to Span... ]
Ex.ten-l:ls .Start Mumber of Spacing Length ) e
Name into Distance Spaces (in) (f) Distance
Deck [t} (ft}
#4 Stirrups [ 0.50 1 0.0000 0.00 0.50
#4 Stirrups [ 0.50 79 5.0000 5025 5075
. . Stirup Design Wiew
Stirup ‘wizard. ] ‘ Toal Calcs ‘ [ Mew ] [ Duplicate ] [ Delete ]

ok Ji

Apply H Cancel ]
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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.

™ Analysis Settings

(=[O s

() Design Review @ Rating
Analpziz Type:
Line Girder -

Az Reguested

Vehicles | Qutput | Engine | Description |

Ratinig Methiod:

LRFR

)

Apply Preference Setting: [Nu:une

Traffic Direction:

[ Both directions

)

Yehicle Selection:

=) Standard
- H 15-44
- H 20-44
- HL-33[51)
- HL-93[US)
- H5 15-44
- H5 201(51)
- H5 20-44
- Lane-Type Legal Load
- LRFD Fatigue Truck [51]
- LAFD Fatigue Truck [US)
- MRL
514
SR
- SR
ST
- Type 3
- Type 3-3
- Tune 352

m

[ Refrezh ] [ Temporan Yehicles. .. ] [ Advanced... ]

Add to
Ratinig

Remove
from

Analysis

Yehicle Summary:

= R ating Wehicles
=- LRFR
=- Dezign Load Rating
=8 Inventorny
L HL-93 (US)
[=)- Operating
L HL-93 (US)
[=J- Fatigue
. LRFD Fatigue Truck [US)
[=I- Legal Load Rating
- Routing
- Specialized Hauling
- Permit Load B ating

[ Reset ] [ Clear ] [Dpen Template] [ Save Template]
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ok |

Apply

] [ Cancel




PS2 - Three Span Spread PS Box Beam Example

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 - 43" PS Box

o] o =]

Report Type LanedImpact Loading Type Display Format
[Hating Results Summary w| @ AsRequested () Detailed Single rating level per row -
Live Load Ln:rll;zad ;::wugd F.th"lrr;gl LDE;}:;IE}NI'IQ Rating Factor] LDE;;IDH S";::j&::} Limit State Impact Lane

HL-93 (U5, Truck + Lane: LRFR: Inventory 3287 0913 3713 1-148.5): SERVICE-Il PS Tensil: As Requested : As Requested
HL-93 (US Truck + Lane:! LRFR:iOperating 50.52 1.403 75.00¢ 1-(100.0)i STRENGTH-I Concre | Az Reguested | Az Reguested
HL-93 (US; Tandem + Lane: LRFR! Inventory Ir.os 1.029 3713 1-(48.5): SERVICE-Il PS Tensil: As Reguested | As Requested
HL-93 (US Tandem + Lanei LRFR:Operating 80.97 1604 75.00¢ 1-(100.0)i STRENGTH-I Concre | Az Reguested | Az Reguested
HL-93 (US}90%(Truck Pair + Lane): LRFR! Inventony 3538 0.583 75.00: 1-(100.0): STRENGTH-| Concre | As Reguested | As Requested
HL-93 (US}90%(Truck Pair + Lane) LRFR : Operating 45 87 1.274 75.00: 1-(100.0): STRENGTH-I Concre | As Requested : As Requested

Analysiz Preference Setting: Mone

AASHTO LRFR Engine Wersion £.8.0.3001

Close

4
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PS2 - Three Span Spread PS Box Beam Example

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:

™ Analysis Settings E=5 ESR[

@ Design Review (") Rating Diesign Method: | LRFD ,]
Analziz Type:
Line Girder -
Az Requested Apply Preference Setting: [NDHE V]
Yehicles | Cutpuk I Engine I Descriptiu:un|
Traffic Direction: ;
[Eh:uth directions v] [ Refrezh ] [ Temporan Yehicles. .. ] [ Advanced... ]
Yehicle Selection: Yehicle Summary:
B ehicles 'é"dfj to =- D_esign Wehicles
I~ Standard Fatigue =) Design Loads
- Alternate Military Loading - HLE3[US)
-~ HL-93 (5] o~ - Pemit Loads
- HL-93 [U5] =) Fatigue Loads
- HS 20 [51] n i LRFD Fatigue Truck [LIS]
- HS 20-44 mee
- LRFD Fatigue Truck (51) rom
- LRFD Fatigue Truck [US) Analysis
- Agency s
- Uzer Defined
- Temporary
[ Reset ] [ Clear ] [ Open Template ] [ Save Template ] [ (] 4 ] [ Apply ] [ Cancel
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AASHTO LRFD analysis will generate a spec check results file. Click ‘&&" on tool bar to open the following

window.

™ 3SpanSprdBoxTrainingBridge

(=[O )

=)~ 35panSprdBoxT rainingBridge
= B Girder Syztem
5 G2
=- 48" PS Box

Lifd Deck Reinf Dev Length Calcs Log File

- AASHTO_LRFD

. L. Spec Check Results

- - LogFile

- AASHTO_LRFR
Spec Check Results
- Log File

To view the spec check results, double click the Spec Check Results in this window.
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o oe s
(50|12 catsers\HANINDocu O ~ C || @ Chusers HANINDocume... % | | {0 2 el
File Edit View Favorites Tools Help
Bridge 1D - -1002 NBI Structure ID : 35panSprdBoxTra A
Bridge : 35pan Sprd Box Trn Bridge Bridge Alt :
Superstructure Def - 5 Girder System
Member - G2 Member Alt - 48" PS Box
Analysis Preference Setting : None
AASHTO LRFD Specification, Edition 7, Interim 2016
Specification Check Summary
Article Status
Initial Stress at Transfer (3.9.4.1.1, 53.94.1.2)| Pass
Final Stress due to Permanent and Transient Fail
Loads (5.9.4.2.1,59422 4
Flexure (53732, 57332) Fail
Shear (3833, 3825 5827 58375 Fail
Deflection (5.7.3.6.2) Pass
Initial Compression Stress At Transfer of Prestress
Locati Allowable | Actual Stress Top | Actual Stress Bot
OE;)IOH Stress of Beam of Beam Ratio| Code
(kesi) (ksi) (ksi)
0.000 -3.06 0.05 -0.65] 4.71| Pass
1.750 -3.06 0.10 -2.11] 1.45| Pass v
< >
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