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STL6 - AASHTO Steel Plate Girder

STL6 - Two Span Plate Girder Example (BrDR 6.5)
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Parapet Detail Haunch Detail

Material Properties
Structural Steel: AASHTO M270, Grade 50W uncoated weathering steel with Fy = 50 ksi

Deck Concrete: f'c = 4.0 ksi, modular ration =8
Slab Reinforcing Steel: AASHTO M31, Grade 60 with Fy = 60 ksi

Cross Frame Connection Plates: 3/4" x 6"
Bearing Stiffener Plates: 7/8" x 9"
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Topics Covered

e 2 span steel plate girder input as girder system.
e  Selection of Specification Edition
e  Steel Member Alt Control Options
o Moment redistribution
o Use Appendix A6 for flexural resistance
o Allow plastic analysis
o Ignore longitudinal reinforcement in negative moment capacity
o  Export of steel girders to the AASHTO LRFD analysis engine
e AASHTO LRFD specification checking
e  Output review
e  Additional reporting (from V15023)
e Moment redistribution
e New LRFR features

o Specialized hauling vehicles, overriding legal load factors, permit lane loads and gapping out the lane load.

Selection of Specification Edition

BrDR Version 6.8 allows you to pick from several versions of the AASHTO Specifications for the AASHTO
analysis engines. The following LRFD and LRFR specifications are supported by the AASHTO engines:

e AASHTO LRFD Bridge Design Specifications, 4th Edition, with 2008 interims
e AASHTO LRFD Bridge Design Specifications, 4th Edition, with 2009 interims
e AASHTO LRFD Bridge Design Specifications, 5th Edition
e AASHTO LRFD Bridge Design Specifications, 5th Edition, with 2010 interims
e AASHTO LRFD Bridge Design Specifications, 6th Edition

e AASHTO LRFD Bridge Design Specifications, 6th Edition, with 2013 interims
e AASHTO LRFD Bridge Design Specifications, 7th Edition

e AASHTO LRFD Bridge Design Specifications, 7th Edition, with 2015 interims
e AASHTO LRFD Bridge Design Specifications, 7th Edition, with 2016 interims

e AASHTO Manual for Bridge Evaluation, 1st Edition
e AASHTO Manual for Bridge Evaluation, 1st Edition, with 2010 interims

e AASHTO Manual for Bridge Evaluation, 2nd Edition
e  AASHTO Manual for Bridge Evaluation, 2" Edition, with 2011 interims
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e AASHTO Manual for Bridge Evaluation, 2ndEdition, with 2013 interims
e AASHTO Manual for Bridge Evaluation, 2ndEdition, with 2014 interims
e AASHTO Manual for Bridge Evaluation, 2ndEdition, with 2015 interims
e AASHTO Manual for Bridge Evaluation, 2ndEdition, with 2016 interims

Along with this new feature, Factors are now associated with versions of the specification. This was done since
different versions of the spec can have different limit states and load factors. Below is the Library LRFD Factors

window for the factors that correspond to the Fourth Edition with 2009 interims specifications.

(8 Bridge Design/Rating - [Factors - LRFD] [ [ ]

M File Edit View Bridge Substructure Tools Window Help - (=]
| | | @ E i [F‘rt:limimalr:.,-r v“

| | I |

5@ | |
Mame: 2007 [2009 intenim] &85HTO LRFD Spes
Description:  AASHTO LREFD Bridge Design Specifications, Fourth &

Edition 2007, including up to 2009 interims

Load Factors | Limit States | Concrete I Steel I Wood I Load Madifiers | Specifications

Thig st of Factors is associated with the fallowing
verzions of the Specifications:

Name Diescription
[ LRFD 4th 2008i | AASHTO LRFD Specification - 4th Edition with 2008 Interims
LRFD 4th 20080 | AASHTO LRFD Specification - 4th Edition with 2009 Interims

LRFD 5th AASHTO LRFD Specification - 5th Edition
LRFD 5th 20100 | AASHTO LRFD Specification - 5th Edition with 2010 Interims
LRFD Gth AASHTO LRFD Specification - Gth Edition

LRFD 6th 2013i | AASHTO LRFD Specification - Gth Edition with 2013 Interims

| Selectall | | Cleara

Coapy from Library... ] [ k. ] [ Apply ] [ Cancel

1 | m 3

For Help, press F1

This set of factors cannot be applied to any versions of the specification prior to 2009 since they contain Fatigue |
and Fatigue 11 limit states that were revised in the 2009 interims.
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System Default specifications can be set as follows:

R EBridge Design/Rating -
File Edit View Window Help

\ Dedd an| i2BSe

‘%| Preliminary v‘ﬁﬁﬁ‘?'@ﬂ(@ﬁ'#

ER=E-RAF ST e NI | =]
EE A EIRe B AREE
% Configuration Browser % System Defaults
=3 Users
-3 All users General I Bridge Warkspace | Cantial Options | Superstiucture Ana\ys\“ Specifications |9ubsl|uclule ALnalysis | Talerance
-3 Administrators
-[Z] Design Engineers Analysis Module A"“”'?y‘sp':“h"d Spec Version Factors
-0 Managers
. AASHTO ASD ASD MBE 2nd 2013, Std 17th | NIA -
-[(1 Rating Engineers = =
.21 Routing Engineers AASHTO Culvert LFD LFD MBE 2nd 2011i, Std 17th > ||2002 AASHTO Std. Specifications i
3 Access Pm-g’\le 25 AASHTO Culvert LRFD LRFD LRFD 6th > ||2012 AASHTO LRFD Specifications i
5 % A . it AASHTO Culvert LRFR LRFR MBE 2nd 2011i, LRFD &6th > ||2013 Interims AASHTO LRFR Cubvert Spec. | = |
ccess rights
. 9 . AASHTO LFD LFD MBE 2nd 2013, Std 17th > [ 2002 AASHTO Std. Specifications -
.4, Bridge Administration = =
% Bridge check-out AASHTO LRFD LRFD LRFD 6th 2013i > ||2012 AASHTO LRFD Specifications i
% B .dg d inti AASHTO LRFR LRFR MBE 2nd 2013i, LRFD 6th 20131 = |2011 (2013 Interim} AASHTO LRFR Spec. i
ridge description
% B _dg Exch i AASHTO Truss LFD LFD MBE 2nd, Std 17th > ||2002 AASHTO Std. Specifications |
ridge Exchange
@& B .dg Jist 9 BRASS ASD ASD MBE 1st 2010, Std 13th 19891 = |[M/A L=
ridge i
g BRASS LFD LFD MBE 1st 2010, Std 17th 20031 | =|[2002 AASHTO Std. Specifications -
&, Bridge Locking and Unlocking - ——
& BiM Rating Events BRASS LRFD LRFD: LRFD Sth 2010i || 2010 AASHTO LRFD Specifications. -
g BRASS LRFR LRFR MBE 1st 2010, LRFD Sth 2010i |« |[2008 AASHTO LRFR Specifications -
&, BrM Rating Vehicles
Madero ASD ASD MCEB 1st, Std 16th w [ MA -
&, Configuration -
Virtis ASD ASD MCEB 2nd 2000i, Std 15th w [ MA -
&, Design events - -
Virtis LFD LFD MCEB 2nd 2000i, Std 15th | 1996 AASHTO Std. Specifications -
&, General Preferences
&, Libraries
&, Library Import
&, Link to BiM Bridges Edit Spec-Factor Association,
&, Log events
&, Parameters
@, Private Analysis Setting Template Adrgfnistration
&, Private Analysis Setting Templates

&, Private Bridge Folders
&, Private Folder Administration
&, Public Analysis Setting Tempjhtes
&, Public Bridge Folders
&, Rating events
&, System Data Export/Irgfiort
& System Defaults
- JY, User-owned libragf entries
=1-{1 Project
[ Engineering [fanagers
[ Structural fhgineers

The default specifications and factors selected above will be used when new member alternatives are created.
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Import and open the Bridge Workspace for ‘STL6 - AASHTO Steel Plate Girder.xml. Expand the Bridge

Workspace tree to show the member alternative for Member G2. The Bridge Workspace is shown below.

P "

Bridge Waorkspace - 5tl6_Training E@
i~ [ Beam Shapes -
- [ Appurtenances

- [ Connectars

- [Z2 Diaphragm Definitions

- [23 Lateral Bracing Definitions

- = Impact f Dynamic Load Allowance

e MFE LRFD Multiple Presence Factors

- [ Factors

- [Z3 LRFD Substructure Design Settings

- EC Epwironmental Conditions

e OF - Design Parameters

- [ SUPERSTRUCTURE DEFIMITIONS

B b 2 Span, 4 Girder systern

- =1 Impact / Dynamic Load Allowance
- 2t Load Case Description

- & Framing Plan Detail

- [Z3 Bracing Deteriaration

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

- e Superstructure Loads

e L] Shear Connector Definitions
@ [ Stiffener Definitions

= [Z3 MEMBERS

I G1

o I :
L otk Mernber Loads
- & Supports

= [0 MEMBER ALTERNATIVES
I WP t= Girder (F) (C)
------- &I Default Materials
------- j Irmpact / Dynamic Load Allowance
....... tisy Live Load Distribution
....... = Hinge Locations
....... 1 Girder Profile
....... [Z1 Splice Locations
....... = Deck Profile
....... =1 Haunch Profile
....... B Lateral Suppart
....... B Stiffener Ranges
[ [0 Bearing Stiffener Lacations
....... [Z3 Paints of Interest
....... 1 Deterioration Profile
[ I Plate Girder - Allowe Morment Redistribution
F-- I G3
Fe I Gé
[ [ BRIDGE ALTERMATIVES

Last Modified: 8/09/16 8
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Select the Member Alternative for Member G2 and go to the Specs tab.

Make sure the analysis engines are set to the AASHTO engines for all analysis methodologies.

™ tember Alternative Description E@

Member Alernative:  Plate Girder

De&criptionl Specs | Factors | Enging I Imnpiart I Contral Optiors

Analyifpr.\:eihod Analysiz Module Selection Type Spec Yersion Factors
ASD AASHTO ASD > || System Default |« ||\MBE 2ndl 20160, Stal 1 | ||MiA& hd
LFC AASHTO LFD > || System Default | ||\MBE Znd 2016, Stod 1| || 2002 A&SHTO Std. Specil » |
LRFD AASHTO LRFD > || System Defautt | ||LRFD 7th 2016 L2014 (2016 interim) AASH » |
LRFR AASHTO LRFR > || System Defautt | ||\MBE Znd 20160, LRFD| ||/ 2011 (2016 Interim) A45H » |

m

(u] ] [ Apply l [ Cahcel
You will end up with the following:
.&.nalyifph;ethud Analysis Module Selection Type Spec Version Factars
ASD AASHTO AZD | > || System Default | |MBE 2nd 2016i, St 1w |[R5A [>]
LFD AASHTO LFD | = |[System Default |« ||MBE 2nd 20160, Sted 1 || 2002 AASHTO Std. Specil x|
LRFD AASHTO LRFD | = |[System Defautt | ||LRFD Tth 2016 | |[2014 (2016 interim) AA5H - |
LRFF AASHTO LRFR | |[Syvstem Default | ||MBE 2nd 20160, LRFD || 2011 (2016 Interim) AA5H |

The table above provides an analysis engine for each analysis method. With each engine there may be various

specification editions to choose from. Each specification edition may provide various load factor sets the user may

choose from.

Last Modified: 8/09/16 9
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The Control Options tab allows you to select the following control features.

M Mernber Alternative Description EI@
-
Member Alternative:  Flate Girder
| Description I Specs I Factors I Engine I Impuart | Control Options |
LRFD LRFR
[C71 Points of Interest [E31 Points of Interest
Generate at tenth points Generate at tenth points
Generate at section change points Generate at section change points
Generate at user-defined points Generate at user-defined points
O Generate at stiffeners O Generate at stiffeners
O &llow moment redistribution O allow moment redistribution
O Usze Appendix AF for flesural resistance O Usze sppendix 46 for flexural resistance
Lllow plastic analysis Bllow plastic analysis
O Igrore long. reinf in negative moment capacity O Evaluate remaining fatigue life
[ Consider deck reinf. development length O 1anore lang. reinf in negative moment capacity
(1 Distribution Factor Application Methad Include field splices in rating
O By avle O Consider deck reinf. development length -
® EByPOI [C71 Distribution Factor &pplication Method r
O By axle
& By FOI
LFD ASD
Puaintz of Interest - Puaints of Interest
Generate at tenth points Generate at tenth points
O Generate at section change paints L O Generate at section change points
Generate at user-defined points 3 Generate at user-defined points
O allow mament redistribution O 1anore lang. reinf in negative moment capacity
O &llow plastic analysis of cover plates O Consider deck reinf. development length
Include field splices in rating
O Include bearing stiffeners in rating
Allow plastic analyziz -
(]S ] | Apply | | Cancel

Allow moment redistribution

This control allows you to consider moment redistribution as per Appendix B6 of the Specifications. In the moment

redistribution process, some of the negative moment at the pier is redistributed along the beam. This option will first

initiate the spec checks in Appendix B6.2 to determine if moment redistribution is permissible as per the specifications.

If redistribution is not permissible then it will not occur even if this option is selected.

Use Appendix A6 for flexural resistance

This control allows you to consider Appendix A6 of the Specifications for flexural resistance. Using Appendix A6

can result in flexural resistances greater than the yield moment, My, for certain types of sections. The program will

first check if Appendix A6 is permissible by checking the requirements in Article 6.10.6.2.3. If the use of Appendix

AB is not permissible then it will not be used even if this option has been selected.

Last Modified: 8/09/16
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Allow plastic analysis

This control allows you to consider the plastic moment capacity for compact, composite sections in positive flexure.
If you select this option, the program will evaluate Articles 6.10.7.1.1 and 6.10.7.1.2. If you do not select this option,
Articles 6.10.7.1.1 and 6.10.7.1.2 will not be evaluated and all positive flexure sections will be considered non-

compact.

Ignore long. reinforcement in negative moment capacity

This control allows you to ignore the contribution of the longitudinal deck reinforcement when computing the negative

moment capacity of the section.

Distribution Factor Application Method
Select the method to be used for the application of live load distribution factors.

e By axle - causes the distribution factor at the location of the axle to be used for each axle.

e By POI - causes the distribution factor at the location of the point of interest to be used for all axles.

Similar behavior applies for lane load.

To perform a design review, select the View Analysis Settings button on the toolbar to open the window shown below.

Use the “HL-93 Design Review” template to select the vehicles to be used.

Vehicle S election:

M Analysis Settings EI@
@ Design Review ) Rating Diesign Meathad LRFD -
Analysis Type:
Line Girder b
Az Requested Apply Preference Setting [None -
Vehicles | Qutput | Engine | Description|
[elfifiie: fo { Refresh J l Temparary Yehicles.. J l Advanced...

Eoth directions hd

Add to

Wehicle Summary:

= Wehicles ’ =J- Design Vehicles
£} Standard Design — [Diesign Loads
lternate Military Loading -~ HL-93[US)
L-53 (51) lﬂ - Permit Loads
L-33 [US] =- Faligue Loads
S20(50) Remove - LRFD Fatigue Truck [US]
5 2044
FIFD Fatigue Truck [51) (e
FFD Fatigue Truck [US) Analysis
gency
ser Defined &
. Temporary

{ Reset H Clear I [Dpen Template] l Save Template

ok | [ e

J I Cancel

Last Modified: 8/09/16
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On the Output tab, you can select the reports that you would like to have generated during the analysis.

M Analysis Settings EI@

@ Design Review “) Rating Design Methad: | LRFD v]

Analyzis Type:

Lire Girder A

Az Reguested Apply Preference Setting: | None -

| \-fehicles| Output | Engine | Dlescription

Tabular Resultz: AASHTO Engine Reports:
[ Conerate Limit State Summary Report 1 Mizcellaneous Peparts: -
¥ Dead Load Action Report O Girder Properties
[+ Live Load Action Report O summary Influence Line Loading
[ LRFD Critical Loads Report O Detailed Influsnce Line Loading =
W LRFD Specification Check Report O Capacity Summary 1
[ PS5 Concrete Stress Report i i iohs
¥ RC Service Strezs Report FE Model for DL Analysiz
¥ Steel Limit State Summary Report FE Model for LL Analysis
[ LU Influence Lines FE Model
O LL Influence Lines FE &ctions
O LL Distrib. Factar Computations -
Select&ll | [ Clearal [ selectal | [ Clearal
[ PReset || Clear | [OpenTemplate | | Save Template | [ ok J[ aeey | concel |

Next, click the Analyze button on the toolbar to perform the design review. The Analysis Progress dialog will appear

and should be reviewed for any warning messages.

Analysis Progress

-7 Analysis Event - Location - 18.0000 ift)
@ Plate Girder - Location - 27.0000 (ft)

- Lacation - 35.0000 )

- Location - 45,0000 )

- Location - 54.0000 (ft)

- Location - 53.0000 ft)

- Location - 72,0000 {ft)

- Lacation - 51.0000 )

- Location - 90.0000 )

- Location - 959.0000 (ft)

- Lacation - 105.0000 ft)

- Location - 1170000 )

- Location - 126.0000 (ft)

- Lacation - 135.0000 )

- Location - 144.0000 {ft)

- Lacation - 153.0000 {ft)

- Location - 162.0000 )

- Lacation - 171.0000 ft)

- Lacation - 180.0000 ft)

Completed Specification Check.

Info - Finished LRFD specification checking. ..

Info - Populating specification checking results. ..

Info - Finished populating specification checking results.

m

Info - Analysis completed!

Wiew Rating Log Frint ] [ QK.

Last Modified: 8/09/16 12



STL6 - AASHTO Steel Plate Girder

The following steps are performed when doing a design review of a steel girder using the AASHTO LRFD analysis

engine:

1.

Finite element models are generated for the dead load and live load analyses. A Stage 1 FE model is
generated for the beam dead load and non-composite dead loads. A Stage 2 FE model is generated for dead
loads applied to the long-term composite section properties. A Stage 3 FE model is generated for the live

load analysis.

Stage 2 models contain section properties corresponding to the sustained modular ratio factor entered in BrD
(e.g., 3n). Stage 3 models contain section properties corresponding to the modular ratio (n). The FE model
will take into account the presence of shear connectors when setting the composite properties in the FE
models. Regions that do not contain shear connectors will use non-composite section properties in the Stage
2 and 3 FE models.

In addition to the points selected on the Member Alternative: Control Options tab, the model generated by
the export to the AASHTO LRFD analysis engine will always contain node points at brace point locations
and locations midway between the brace points. Only the articles required to compute stresses are processed
at these points if the point is not being processed for one of the options chosen on this tab. The stresses at

these locations are required when determining the flexural capacity of the steel girders.

The specification checking occurs in two phases. The first phase determines the type of flexure present at
each point for each controlling load combination. This is necessary because the flexural articles to be
considered in the Specification are dependent on the type of the flexure the beam is subject to. The second
phase performs the specification checks taking into consideration the flexure type determined in the first

phase.

Phase 1:

Positive flexure is defined as the bending condition that produces compressive stress (denoted by a negative
sign in the program) in the slab for composite construction or the top flange for non-composite construction.
Negative flexure is defined as the bending condition that produces tensile stress (denoted by a positive sign)
in the slab or top flange. As per Article 6.10.1.1.1b, the stress in the top of the slab (or top flange for non-
composite construction) is first computed using the positive flexure section properties. If this stress is
compressive, the stresses in each component of the beam (slab, longitudinal reinforcement, flanges, cover
plates, and web) are computed using the positive flexure section properties. If the stress in the top of the slab
(or top flange for non-composite construction) is tensile, the stresses in each component of the beam are

computed using the negative section properties.

Last Modified: 8/09/16 13



STL6 - AASHTO Steel Plate Girder

If the resulting computed stress in the bottom flange is tensile, the beam is considered to be in positive flexure
for the load combination. If the resulting computed stress in the bottom flange is compressive, the beam is

considered to be in negative flexure for the load combination.

Phase 2:

The remaining articles are evaluated taking into consideration the flexure type determined in the first phase.

A summary report of the specification check results is also available. This summary report lists the design ratios for
each spec article at each spec check location point. The design ratio is the ratio of capacity to demand. A design ratio
less than one indicates the demand is greater than the capacity and the spec article fails. A design ratio equal to 99.0

indicates the section is subject to zero demand.

3 e Shopes - e
[£3 Appurtenances A 2P h ]
(I3 Connectors = | || CAUsershethanuongyl © ~ & || E CAlsers\ethan.uong\Dacu.. | | 4
(L0 Diaphragrn Definitions & snagt B &
(2 Lateral Bracing Definitions .
= Impact / Dynamic Load Allowance j BrdgelD:34 NBI Structure ID : 5t16_Traning A
Bridge : 2 Span Plate Girder Training Bridge Alt:
M St6 Training Superstructure Def : 2 Span, 4 Girder system
Member : G2 Member Alt : Plate Girder
- SHB_Training Analysis Preference Setting - None
=1 2 Span, 4 Girder system
&-G2 AASHTO LRFD Specification. Edition 7. Interim 2016
=8 Flate Girder
i Litd Deck Reinf Dev Length Calcs Log File Speciﬁcation Check Summary
[+ AASHTO_LRFD
Stage 1 Span Model —
- Slage 1 Span Model Actions Article Status)
-~ Stage 2 Span Model Flexure (6.10.7.1.1,61072.1) Pass
Stage 2 Span Model Actions Shear (6.10.0) Fail
- Stage 3 Infl Lines Span Model - =
-~ Summary of computed distribution factors Fahy (6.105.3) Na
- Detailed calculations of computed Simplified distibution factors Serviceability (6.10.4.2.2) Pass
Spec Check Results (Friday Jun 17, 2016 11:00:14) Constructability (6.10.3.2.1, 6.10.3.2.2, 6.10.3.2.3) Pass
- LoaFie Transverse Stiffeners (6.10.11.1.2, 6.10.11.1.3) Fail
Longitudinal Stiffeners (6.10.11.3.1, 6.10.11.3.2, NA
6.10.11.3.3) o
Bearing Stiffeners (6.10.11.22,6.10.11.23,6.10.11.2.4) | Pass
Shear Connector (6.10.10.1, 6.10.10.4) NA
Field Splice (6.13.6.14a,6.13.2.6,6.13.2.7, 6.13.6.1 4b, NA
6.13.6.14¢) o
. 5T Default Materials
- 7 Impact / Dynamic Load Allowance Girder Member Proportions and Compactness (Stage 3)
Si: Live Load Distribution
- 22 Hinge Lacations Location Compasite Proportion Code Compact Code
- B Girder Prafile (ft) P Code Check P Check
- [ Splice Locations 0.000 Yes Pass Compact E
2 a“k p:;"ef_l = 9.000 Yes Pass Compact E
aunc rofile ~ "
B Lataral Suppert 18.000 ‘n'es Pass - Compact E
4 Stiffener Ranges 27.000 Yes Pass -— Compact E

Last Modified: 8/09/16 14
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The specification checks can be viewed by selecting the “View Spec Check” button.

EETCIE R IR

We can then use the Filter to limit the articles shown to just the Shear Resistance article by hitting “Clear All” and
then selecting just the 6.10.9 article. Then hit OK to close the Filter.

=5 @ e Rermsl 2B & O |[Peininary. +] <2 E® 020 & R &N &
- & Bridge Workspace -6 _Trainin - Selr=] e — : .@@

S @ SU6T| @y Spedeation Checks for Plate Wder - 21 of 1517 =e=E)f=]

o O Mo sy Comp Specification Ref LimitState  Flex. Sense Pass/Fail
+/ 6109 Shear Resistance N/A Passed
/6109 Shear Resi NZA

o O -3 sta
tag - .
g 1 = Fi
T, 2 Plate Gi 6.10.9 Shear Resistance Spec-Check Viewer Filter Properties -

(] Span1- 16.00 ft.

Fiter Neme: | <Defauk Fiter> -]
{1 Span1- 1800 ft.
() Span1- 27.00ft.

[Csove. ] [Cpsee
{3 Span1- 3200 ft. +/ 6109 Shear Resistan

P N
£ Span1- 36001t /6109 Shear Resi | Generd{ Spec Atictes  Pesciption|
{3 Span1- 4500 ft. X 6109 Shear Resistance
(3 Span1- 4800 ft. / 6109 Shear Resistance Reference Adticle ~
(3 Span1- 54.00ft. / 6109 Shear Resistance 610823 Lateral Torsional Bucking Resistance
(] Span1- 63.00ft. 6109 Shear Resistance [~ 610823Cb Lateral Torsional Bucking Resistance - Cb Caleudati
(3 Span1- 64.00ft, /6109 Shear Resistance [ 610823n Lateral Torsional Bucking Resistance - t and Lp Cz

{1 Span1- 70.50 ft. 6109 Shear Resistance 61083 Tensk - Flexural Resistance
Q) Span1- 7200f. +/ 6109 Shear Resistance qreins QL
(1 Span- 77001t 61047 e A
P : +/ 6109 Shear Resistance A

] Span1- 81.00ft. [~ 6.10_General_F1..

d +/ 6109 Shear Resistance 66122 Design Criesi
1 Span1- 8350ft. 3 664, esign Criesia

+/ 6.10.9 Shear Resistance 63941 Bearing Stiffener Nominal Resistance

g ::::; > ?;0 f:'“ /6109 Shear Resistance [ APPDE 1 Plastic Moment x
3 < [0 |

{2 Span2- 9.00ft.
() Span2- 13.00 ft.
() Span2- 18.00 ft.
1 Span2- 1950
() Span2- 26.00 ft.
£ Span2- 2700t ook | [Aepy ] [ concel |
() Span2- 36.00 ft.
£ Span2- 42001t
{1 Span2- 4500 ft.
(2] Span2- 54.00 ft.
() Span2- 58.00ft.
(2] Span2- 63.00 ft.
() Span2- 72.00ft.
£ Span2- 74001t
() Span2- 81.00 ft.
(1) Span2- 90.00 ft.

[

= = = o= = = -

T o oo

[ Selectar | [ Ceass |

Opening this article shows the following:
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STL6 - AASHTO Steel Plate Girder

Spec Check Detail for 6.10.9 Shear Resistance

[(&A5HTO LEFD Bridge Design 3pecifications, 3eventh Edition - 2014, with 2016 Interims) -

Steel Plate - At Location = 90.0000 (ft)

Section at Brace Point

Article 6.10.9.2-1 Tnstiffened Panels

INFUT:

Top Flange bf = 16.0000 (in)
Top Flange tf = 1.2500 (in)
Web I = 46.0000 [in)
Web twr = 0.5000 f(in)
Bot Flange bf = 15.0000 [in)
Bot Flange tf = 1.5000 (in)
Fyw = 50.0000 iksi)

do = 192.0000 (in)

phi = 1.0000

SUMMARY:

E = 5.0

D/cw = 9Z.0000

Limit 1: L1.12*30RT(E*k/Fyw) = 60.31385
Limit 2: 1.40%*30RT(E*k/Fyw) = 75.3923
Ditw > Limite therefaore

1. 577 (E¥k /Fyw)

B & ocomomccomoooooo
(Dt ~2

C = 0.5379

¥p = 0.55*EywsDrey

¥p = 667.0001 (kip)

Vi =Wcr =C * Vp

¥n = 358.7962 (kip)

¥r = phi*¥n = 338.80

- Left Stage 3

m

(6.10.9.3.2-6)

i6.10.9.3.2-3]

i6.10.9.2-1]

Mote: If the capacity has bheen overridden, the Resistance is computed as owverride phi*owverride cap:
Otherwize the Besistance iz computed as per the 3pecification.

Limit Load -—- Override --- Dezign
State Combo u Phi Vn Vr Ratio Code
(kip) (kip) tkip) (kip)

3TR-I 1 -104.19 -3558.50 3.44 Pass

STR-I 1 -36l.84 -3558.50 .99 Fail

STR-I 2 -104.19 -3558.50 3.44 Pazs

STR-I 2 -322.22 -3558.50 1.11 Pazs A

Fl T F
ok
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STL6 - AASHTO Steel Plate Girder

Open the Girder Profile window and revise the web thickness to 0.5625” in the region near Pier 1. Re-run the HL93

Design Review and review the Spec Check summary report.

& Girder Profile =N =R ==
Type:  Plate Girder
wieh | Top Flange I Eottom Flange|
Begin End | ik support|  SM | Lengtn| ENd ) Weld at
D;I?;h Depth Vary D(einp;h |c(inn}ess Number DISE;I;CE (f) DBE;l;ce Material Right
46.0000 [None || 46.0000 | —5-5088 1 |v| 0.00| 63.00| 63.00 |Grade S0W || x|
45.0000 [None |~/ 4600005625 )1 [+] 8300 se00] 117.00 [Gradesow [+] =
46.0000 |None  |=|| 46.0000 : 2 |»| 2700] 63.00| 90.00|Gradesow |v| =
[ MNew H Duplicate H Delete ]
[ Ok ] [ Apply ] [ Cancel ]
( :iutu_‘>|| [ CoUsersiethanuongiDocurmen O C'| 2 crllsers\ethanuongiDocu.,,
¥ B Snagit B B
Bridge ID : 486 NEI Structure ID : 5t16_Training
Ernidge : 2 Span Plate Girder Traming Bridge Alt :
Superstructure Def : 2 Span, 4 Girder system
hember - G2 Wember Alt : Plate Girder
Analysis Preference Settng - None
AASHTO LRFD Specification. Edition 7. Interim 2016
Specification Check Summary
Article Status
Flexure (6.10.7.1.1, 6.10.7.2.17 Pazs
Shear (6.10.9) Pass
Fatigue (6.10.3.3) NA
Serviceability (6.10.4.2.2 Pass
Constructability (6.10.3.2.1, 610522, 6.10.3.2.3) Pass
Tranzverze Stiffeners (6.10.11.1.2, 6.10.11.1.3) Pazz
Longrmdinal Stiffeners (6.10.11.3.1, 6.10.11.3.2, 6.10.11.3.3) NA
Bearing Stiffeners (6.10.11.22 6.10.11.2.3,6.10.112.4) Pass
Shear Connector (5.10.10.1, 6.10.10.4) NA
Field Splice (6.153.6.1.4a, 6.13.2.6,6.13.2.7,6.13.6.1 4b, 6.15.6.1.4c) NA

Last Modified: 8/09/16 17



STL6 - AASHTO Steel Plate Girder

Open the spec check detail window for Article 6.10.8.1.3 at the 90’ location. The following is noted for this window,

other spec articles are similar:

Steel Plate - At Location = 90.0000 (fT) - Llefc Szage 3

Section at Brace Point

INPUT:
Phif = 1.000

Section Type: Composite

Top Flange laterally Supported: Yes

Allow Moment Redistribution Control Option: No

Mement Redistribution : No, Moment Redistributicn did not occur
STMARY:

fou <= Phif * Rh * Fyf (6.10.8.1.3-1)

Resist = Phif * Rh * Fyf

Design Ratio = Resist/fba
Limic Load Flexure B D:@

State Combo Iype Cosponent fou Ixd Rh Fyt Resist Ratio Status
(ksi) (kai) (ksi) (ksi)
STIR-I 1 Neg Top Flange 19.88 -— 1.00 50.0 50.00 2.52 Pass
SIR-I 8 Neg Top Flange 42.98 —— 1.00 $0.00 $0.00 1.16 Pass
STR-I 2 Neg Top Flange 19.¢ee —— 1.00 50.00 50.00 2.52 Pass
SIR-I 2 Neg Top Flange 40.85 - 1.00 §0.00 $0.00 1.22 Pass
SIR-I 3 Neg Top Flange 19.88 e 1.00 50.00 50.00 2.52 Pasa
SIR-I 3 Neg Top Flange 48.66 -_— 1.00 $0.00 §0.00 1.08 Pass
SIR-III | Neg Top Flange 19.8¢8 — 1.00 50.00 50.00 2.52 Fass
STR-III 1 Neg Top Flange 28.57 -— 1.00 50.00 50.00 1.75 Pass
SIR-III 2 Neg Top Flange 19.88 —— 1.00 50.00 50.00 2.52 Pass
SIR-III 2 Neg Top Flange 28.57 - 1.00 50.00 50.00 1.75 Pass
STR-IIX 3 Neg Top Flange 19.82 — 1.00 $0.00 $0.00 2.52 Pass
SIR-III 3 Neg Top Flange 28.57 - 1.00 50.00 50.00 1.75 Pass
STR-V 1 Neg Top Flange 19,88 -— 1.00 $0.00 $0.00 2.52 Pass
IR=V 1 Neg Top Flange 39.6% —— 1.00 $0.00 50.00 1.26 Fass
STR-V 2 Neg Top Flange 19.¢88 —_— 1.00 $0.00 50.00 2.52 Pass
SIR-V 2 Neg Top Flange 38.08 — 1.00 $0.00 $0.00 1.31 fass
STR-V 3 Neg Top Flange 19.8¢8 -— 1.00 50.00 50.00 2.52 Pass
SIR-V 3 Neg Top Flange 44.07 — 1.00 $0.00 $0.00 1.13 Pass

Load Cembination Legend:

HL-93 (US) - Truck + Lane

2 HL-93 (US) - Tandem + Lane
3 HL-93 (US) - 90%(Truck Pair + Lane)
4 LRED Fatigue Truck (US) - Truck

1. For each spec check location, both the left and right sides of the point are evaluated. The Deflection article
is an exception to this since deflection must be the same between the left and right sides of a point.

2. The design ratio is printed out for the article. The design ratio is the ratio of capacity to demand. A design
ratio less than one indicates the demand is greater than the capacity and the spec article fails. A design ratio
equal to 99.0 indicates the section is subject to zero demand.

3. For steel members, the Strength-I1, Strength-11 (for Permit vehicles), Strength-I11, Strength-V, Service 11 and
Fatigue limit states are the only limit states investigated. For each limit state, the max and min force effect
is checked for each vehicle. Thus each limit state shows two rows of data for each vehicle.

4. The LL vehicle is identified by the load combination is shown in this column.
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STL6 - AASHTO Steel Plate Girder

5. The ‘frd’ column displays the stresses due to the redistribution moments. If moment redistribution was not

processed, this column shows ‘---“.

Tabular dead load and live load analysis results are available in the Analysis Results window.

M Analysis Results - Plate Girder EI@

Report Type Stage Dead Load Caze
[Dead Load Actions '] [Non-composite [Stage 1) V] [Self Load [Stage 1:0.0C). v]

8350 928 Both 13183 1056

9000000 Lefti-22374:-1218: 0.00 2435 0.0000 -0.0000
000: 0.0:Right :-22374:1218: 0.00 2435 0.0000 -0.0000
G50: V2:Both:-13183: 10:56: 0.00 0.0000 -0.0052
900: 100:Both:-12620: 9594 0.00 0.0000 -0.01:31

144 :Both: -8540: §.95:0.00 0.0000 -0.0291

18.00: 200:Bath: -4674: 771 :0.00 0.0000 -0.0503

19300 21.7 :Bath ! -3343: 734000 0.0000 -0.0572

26,00 239 Bath TO2: 573000 0.0000 -0.0884

2700: 300:Bath: 1263 548000 0.0000 -0.0932

3600: 400:Baoth: 9465 386: 000 0.0000 -0.1332

4200: 467 :Baoth: 7455 2738: 000 0.0000 -0.1533

4300: 500:Baoth: §206: 223: 000 0.0000 -0.1606

2400: 600:Both: 9486 061 :0.00 0.0000 01636

5500 644 :Both: 9587 -041:0.00 0.0000 -01852

E300: 700 Bath: 9306 -1.01:0.00 0.0000 -0.1543

7200 400 Bath: YEES: -264:0.00 0.0000 01183

T400: §22:Bothi 7102 -300:000 0.0000 -0.107a3

§1.00: 900 :Baoth: 4563: -426: 000 0.0000 -0.0643

N N L T T T N o o e e I s Qs gy P P P P | |
j

-

w

[

o

90.00:1000: Left 000: -583: 0.00 588 0.0000 -0.0000

AASHTO LRFD Engine Yerzion £.8.1.2001

Analyziz Preference Setting: Mane

Cloze
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STL6 - AASHTO Steel Plate Girder

™ Analysis Results - Plate Girder
Fepoit Type Stage Live Load Live Load Type
[ Live Load Actions - ﬁmosite (short term) (Stage 3+ | [HL93 US) ~| [Ale Load ~
Positive | Megative | Positivef Megative| Positive | Negstive| Positi Megati Posti Tk L_aﬂe
) ositive | Megative} Posttive} Negstive| Positive| Negstive| Posttive | MNegativel  Postive -
Span LDE;{]IDn S?:f;n Moment Mogmant Shear Sﬁear Bl Agxial Reaction Regc‘tion * Deflection ;8:/5["} EiIL Pair + Lane] i P;’: E;?C:‘Iton N:s g‘;’;ﬁ;n
Cip-ft) | (kip-f) | Ckip) | (kip) | ckip) | (kip) (kip) [kip) )] Tandem
1 0oo: 00 0.00 0oo: 7917 -9.06 ooo 0.00 7917 -9.06 0.0000 | Tandem + Lane 1 33.000 33.000
10900 100; 47660 63720 A0 806 0000 0.0 B0 | L2, s |
1 1600 178 73918 113271 58415 103 ooo 0.00 0.0000 0.0000 0.0972 -0.2744
1 18008 200¢ 797.39¢ 127431 5672 1258 ooo 0.00 0.0000 0.0000 01034 -0.3036
1 27008 300¢ 97681 191451 46200 -22E9 ooo 0.00 0.0000 0.0000 01536 -0.4111
1 3200: 3561103263 -226.54: 4057 -28.76 ooo 0.00 0.0000 0.0000 04744 -0.4513
1 3600 400405004 ¢ -25486: 3526 -3362 ooo 0.00 0.0000 0.0000 01882 -0.4719
1 4300f S001021.90¢ -318.58¢ 27156 -44.24 ooo 0.00 0.0000 0.0000 0.2054 -0.4507
1 4300 5353 996.34 -339.82: 2431 -4764 ooo 0.00 0.0000 0.0000 02113 -0.4713
1 5400 600: 91208 -382.29: 1585 -34.17 ooo 0.00 0.0000 0.0000 0.2107 -0.4352
1 B300: 700! VO7.26: 44601 1177 -B337 ooo 0.00 0.0000 0.0000 01916 -0.3463
1 B400: 711 BBOS3: -45309: 1110: -B4.32 ooo 0.00 0.0000 0.0000 01330 -0.3344
1 7050 783 50065 -514.07 694: 7028 ooo 0.00 0.0000 0.0000 01538 -0.2521
1 7200: 80.0; 45085 -525.01 BOG6: -7158 ooo 0.00 0.0000 0.0000 04505 -0.2323
1 JrO00: 856! 272499 -561.47 3470 7581 ooo 0.00 0.0000 0.0000 01184 -0.1650
1 8100 900! 14926 -590.64 229 -73490 ooo 0.00 0.0000 0.0000 0.0875 01114 L
1 8350 928! 10764 -603.87 160: -80.75 ooo 0.00 0.0000 0.0000 0.0658 -0.0785 3
1 90.00:100.0 000 -636.26: -000: -B517 ooo 0.00 §9.62 0.00 0.0000 0.0000 0.0000 0.0000 33.000 0.000
2 0oo: 00 000 -636.26¢ &317 0.00 ooo 0.00 §9.562 0.00 0.0000 0.0000 0.0000 0.0000 33.000 0.000
2 650: 7.2 10764 -G08.67: 8075 -1.60 ooo 0.00 0.0000 0.0000 0.0658 -0.0785
2 900: 100: 149.26: -590.64 : 75490 -2.29 ooo 0.00 0.0000 0.0000 0.0573 -0.1114
2 1300: 14.4: 27299: -361.47: 7351 -3.47 ooo 0.00 0.0000 0.0000 01154 -0.1650
2 1800: 200: 430.85: -525.01: 7158 -6.06 ooo 0.00 0.0000 0.0000 01303 -0.2323
2 1950: 1.7 500B8: -514.07: 7028 -6.94 ooo 0.00 0.0000 0.0000 01588 -0.2521
2 2600; 289 GB053: -453.09: B432: -11.10 ooo 0.00 0.0000 0.0000 04330 -0.3344
2 2700; 300 TO726: -446.01 0 B337: -11.797 ooo 0.00 0.0000 0.0000 01916 -0.3463
2 3600: 400 9208 -382.29 54170 1895 ooo 0.00 0.0000 0.0000 0.2107 -0.4352
21 4200¢ 467 99634 -339.82 ¢ 47641 24 ooo 0.00 0.0000 0.0000 02113 -0.4713
21 4500¢ S00HM021.90¢ -318.58¢ 44241 2718 ooo 0.00 0.0000 0.0000 0.2034 -0.4307
2 5400: GOONM0S004: -254.686: 3362: -36.26 ooo 0.00 0.0000 0.0000 01882 -0.4719
2 5500¢ 644103263 -226.54¢ 28760 -40.57 ooo 0.00 0.0000 0.0000 01744 -0.4513
21 G300 7O.0F 976.81: 19115 2269¢ -4620 ooo 0.00 0.0000 0.0000 013536 -0.4111
2 T200: 800 79739 12743 12553: -5672 ooo 0.00 0.0000 0.0000 01034 -0.3036
2 T400: 822 73918 -113.27 8 10318 -58.15 ooo 0.00 0.0000 0.0000 0.0972 -0.2744
2 8100 900: 47660 -B372 906: -6B780 ooo 000 0.0000 0.0000 0.0560 -0.1609
2i 90.00:100.0 0.00 0.00 906: -7917 ooa 0.00 7917 -9.06 0.0000 0.0000 0.0000 0.0000 33.000 33.000 i
AASHTO LRFD Engine Yersion 6.8.1.2001
Analysis Preference Setting: Mone

Note these values include dynamic load allowance, distribution factors and any live load scale factor entered on the

Analysis Settings window.

You may find different live load values between various analysis engines due to a difference in how the live load
distribution factors are applied. For example, the BRASS™ engine (which is no longer supported) applies the LL
distribution factor based on the region where the analysis point is located. The AASHTO engines have a choice to
do the same thing or it applies the LL distribution factor based on the region where the axle is positioned. This can

be defined by the user in the System Defaults and in the Control Options for a member.
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STL6 - AASHTO Steel Plate Girder

¥ System Defaults fol e s

| Generall Bridge "orkspace | Control Options | Superstructure Analysiz | Specifications I Substructure Analysis I Tolerance|

LRFD LRFR
Distribution Factor &pplication Method Distribution Factor Application Method
(71 By axle () By aule
@ By POI @ By POI
LFD
Distribution Factor &pplication Method
() By axle
@ By POI

Include bearing stiffeners in rating

Save ] [ Close

M Mernber Alternative Description E@

tember Alternative: Plate Girder

‘ Description | Specs | Factors | Engine | Impart ‘ Control Options |

LRFD LRFR
Paints of mterest Poirits: of Interest
Generate at tenth points Generate at tenth points
Generate at section change points Generate at section change points
Generate at uger-defined points Generate at uzer-defined points
O Gererate at stifteners O Generate at stiffeners
O llow moment redistibution O allow moment redistibution
[ Use Appendis 46 for fexural resistance [ Use Appendis &6 for flexural resistance
Allow plashic analysis Allow plastic analysis
[ lgnore long. reint in negative moment capacity O Evaluate remaining fatigue life
O Consider deck reinf. development length O Igrore long. reinf in negative moment capacity
11 Distribution Factor Application Methad Include field splices in rating
Q) By ale [ Corsider deck reirt. development length
@® EByPOI |71 Distribution Factor &pplication Method
O By axle
@& By POl
LFD A5D
O Include bearing stiffeners in rating » | |21 Points of Interest
Allow plastic analysiz Generate at tenth points
[ lgnore long. reinf in negative moment capacity [0 Generate at section change points
O 1gnore overload operating rating Generate at user-defined points
O Ignore shear O Ignore long. reinf in negative moment capacity
Congider deck reinf. development length - [ Consider deck reint. development length
Diistribution Factor Application Method 3
QO By avle
& EyFOl -

QK ] [ Apply ] [ Cancel

Explanation of the Distribution Factor Application Method
The user will select the method to be used for the application of live load distribution factors. The choices are:

e By axle - causes the distribution factor at the location of the axle to be used for each axle.

e By POI - causes the distribution factor at the location of the point of interest to be used for all axles.

Similar behavior applies for lane load.
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The FE model output that we turned on in the Analysis Settings window is available from the Analysis Output window:

U  fevert B — bont "
= Impact / Dynamic Load Allowance . Rl 20 2 @) Fon® €
' LRFD Muiltiple Presence Factors £ C:\Users\geolgrove\D: VAASHTO... | Mo B
@ (] Factors -
= ..r‘\.nn\e A B L > N e[D27
#N 06 Traiing Bridge : 2 Span Plate Girder Training
(558 Traming Superstmcn:e Def : 2 Span, 4 Girder system
& 2 Span, 4 Gitder system Member : G2
& G2 User : Virtis
& Plate Girder
= AASHIO LBED 1 M
prpcimrgeies
sst
o || Nodes

Stage 3 Infl Lines Span Model

owmuwwmh
Spec Chack Resuls 1 0.000 0.000 0.000
LogFie 2 9.000 0.000/ 0.000
3 16.000/ 0.000| 0.000
4 18.000 0.000 0.000
§ | 27.000 0.000 0.000
6| 32000/ 0.000] 0000
7 36.000 0.000 0.000
8 45.000' 0.000, 0.000
2 Soicels]
o GiderPr| | O | 48.000 0900 0.000}
e DeckProff | 10 | 54.000 0.000| 0.000|
S Haunchil | 11 | 63.000) 0.000| 0.000
2 Lateral Sy A B EEECAPTY EEPPOR
& siffener | | 12 | 64.000] 0.000| 0.000
@ QBewingy) | 13 | 70500 0.000 0.000
S eel| | 14T 72000 0,000/ 0.000,
® I PlateGirder-4| | 15 | 77.000 0.000 0.000
igz | 16 | 81.000 0.000 0.000
I | o e QI RPN
& (23 BRIDGE ALTERNATIVES ‘ 17 | 83.500/ 0.000| 0.000
& Bridge Alternative 1 () (C) | 18 | 90.000 0.000 0.000

@ () SUPERSTRUCTURES

b Criffnace Anahuic

19 96.500 0.000| 0.000
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Additional reporting has been added to the Report Tool for steel beams. Select the ‘LRFD Analysis Output’ report in
the Report Tool, click ‘Clear All’ and then select the last 3 reports. Click ‘Generate’ to generate these 3 reports.

s =

™ 5ti6_Training - LRFD Report = =R
Fieport Type: | LRFD Analysis Output A Advanced Beqin each topic on a new page when printed
Feport
I e Open herge Save Save Az
[T Reactions

[ Moment Surmmary

[ Shear Summary

[ Flerure Analysiz Summary
[ Shear &nalyziz Surmman

[ Camber Surnmary

[+ Dezign Review Summary
[+ Spec Check Summary

=l Eearing Design Surmmary
[ Diaphragm Forces

Clear&ll | [ Gelectal Delete

Design Review Summary:

This report contains the minimum design ratio at each analysis point along the beam.

Spec Check Summary:

This report lists a summary of the spec check results for each article for each loading at each analysis point.

Bearing Design Summary:

This report lists factored and unfactored bearing reactions and rotations to be used in a bearing design.
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@E“J Cilserstethan.uong\Documen O = & H (& CAUsersiethan.uong\Docu... x| ‘ AR
D x Eonagt B @
Bridge Name: 2 Spen Plate Girder Training A
NBIS tructure ID: SI6_Training
Bridge ID: §tI6_Training
Analyzed By: Bridge
Analyze Date: Tuesday, August 09, 2016 13:10:25
Analysis Engine: AASHTO LRFD Engine Version 6.8.1 2001
Analysis Preference Setting: None
Report By: bridge
Report Date: Tuesday, August 09, 2016 13:33:14
Structure Definition Name: 2 Span, 4 Girder sy stem
Member Name: G2
Member Alternative Name: Plate Girder
Girder Design Review Summary
Span 1
Location  Percent Type Article s Stage Units Action Resist. Ratio
0.00 0.0 Shear 6.109 STEL 3 kip 264.62 358.80 136
200 100 Shear 6109 STRI 3 kip 212127 35880 169
Perm .
18.00 200 Deformations 610422 SERIT 3 ksi 263 4750 210
27.00 300 Pema 610422 SER-II 3 ksi 2773 4750 171
) Deformations - ' . -
36.00 400 Pemi 10422 SERM 3 = 2018 4750 163
¥ Deformations g ! - :
4500 300 Fen 610422 SERIT 3 ksi 2698 4750 176
¥ Deformations g g - :
54.00 600 Shear 6109  STRI 3 kip  -17873 35880 201
63.00 T0.0 Shear 6109 STR-I 3 kip -11548 35880 139
7200 0.0 Shear 6.109 STRL 3 kap -172.11 -510.86 188
8100 500 Fleare 610811 STRI 3 ks 4851 -50.00 103
M B
8350 528 Reinf t 61017 3 m" 9.60 1041 108
50.00 1000 Flexure 6.10.8.1.3 STRI 3 ksi 48 66 50,00 103
Span 2
Location Percent  Type Article s Stage  Units  Action  Resist.  Ratio
M B
6.50 72 Rein® " 6.10.1.7 3 m"l 9.60 1041 108
9.00 100 Flexure 610811 STRI 3 ksi -4851 -30.00 103
18.00 200 Shear 3 kip mu 51086 188
27.00 300 Shear 3 kip 22548 35880 139
36.00 400 Shear 3 kip 17873 35880 201
Perm .
4500 0.0 Deformations 3 ksi 2698 4750 176
Perm
3400 60.0 Deformations 610422 SER-L 3 ksi 2018 4730 163
Pema )
63.00 700 Deformations 610422 SERIT 3 ksi 2773 4750 171 o
a0 onn Perm £INA1_ STDIT 2 Toai 43 1740 ~an

A copy of the AASHTO LRFD engine Method of Solution manual is available.

File Edit “iew Bridge Substructure Tools WinduleeIp

‘&’hl% Elé@ Help Tapics
Frequently Asked Questions
Support
Bridge Explorer (376 Bridge Desi der, all rowes retrieved)
" Engine Help Configuration 3
E-ﬁ All Bridges Brriclge: |
H Sample Bridges »
& :13[ LRF[? Exarnple E AASATO 450 Help RCSL-0965-RCSS
3 ARSHTO Culwert LFD Help 3 RCEL-0966-RCES
{7 Concrete Example B
(3 Steel Barmple Bridg ARSI Cbar U il T
{3 Timber Example Bri AAIHTO Culvert LRFR Help 3
Deleted Bridges ARSHTO LFD Help y |
AASHTO LRFD Help 1 Engine Help
AAIHTO LRFR Help v[ fAethod of Solution
ABSHTO Truss LFD Help » BrSETRGS
BASHTO Truss LRFR Help y ™
Madero A3D Help Y NITIONS
BrD Substructure p ftem
amic Load Allowance
About Bridge Design/Rating scription
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Moment Redistribution

Run an HL93 Design Review for the member alternative “Plate Girder — Allow moment redistribution”. This is a
streamlined version of the previous alternative. It does not contain any flange transitions. View the spec check
summary and see that flexure fails for this beam.

- Y

(< = | | Cilsers\ethan.uangyl © ~ & || 2 CUsers\ethan.uong\Docu.., | |

22 snagit B &
Bridge ID : 466 NBI Structure ID - $tl6_Training
Bridge : 2 Span Plate Girder Traming Bridge Alt: ~
Superstructure Def : 2 Span, 4 Girder system
Member : G2 Member Alt : Plate Girder - Allow Moment Redistribution

Analysis Preference Setting : None

AASHTO LRFD Specification. Edition 7. Interim 2016

Specification Check Summary

Article Status
Flexure (6.10.7.1.1, 6.10.7.2.1) Fail
Shear (6.10.9) Pass
Fatigue (6.10.5.3) NA
Serviceability (6.10.4.2.2 Pass
Constructability (6.10.3.2.1, 610322, 6.103.2.3) Pass
Transverse Stiffeners (6.10.11.1.2, 6.10.11.1.3) Pass
Longitudinal Stiffeners (6.10.11.3.1,6.10.11.32, 6.10.11.3.3) NA
Bearing Stiffeners (6.10.112.2, 6.10.11.2.3, 6.10.11.2.4) Pass
Shear Comnector (6.10.10.1, 6.10.10.4) NA
Field Splice (6.13.6.1.4a, 6.13.2.6.6.132.7, 6.13.6.1.4b, 6.13.6.1.4c)| NA

Girder Member Proportions and Compactness (Stage 3)

Dotor | composie | Prgmior | ST compuec | Gt
0.000 Tes Pass — Compact E
9.000 Yes Pass — Compact E
12.000 Yes Pass — Compact E
27.000 Yes Pass — Compact E
36.000 Tes Pass — Compact E
45.000 ez Pazs — Compact E
34.000 Yes Pass — Compact E
63.000 Yes Pass — Compact E e

In the Member Alternative: Control Options tab, select the box to allow moment redistribution. Run the HL93 Design

Review analysis again.
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-

% Member Alternative Description

LRFD

Member Altermative:  Plate Girder - &llow Moment Redistibution

| Description | Specs I Factors | Engine I |mipart | Contral Options |

LRFR

Points of Interest
Generate at tenth points:
Generate at section change points
Generate at user-defined paoints
Allow moment redistributioD
Use Appendix A for flesural resistance
Allow plastic analyzis
O Ianore long. reinf in negative moment capacity
Digtribution Factor Application Method

A

(1 Paints of Interest
Generate at tenth points
Generate at section change points
Generate at uzer-defined paints

O Allow moment redistibution

O Use Appendis AF for fexural resistance

Aillove plastic analysis

O Evaluate remaining fatigue life

O l1anore long. reinf in negative mament capacity

O By axle Distribution Factor Application Method
& ByPOI O By axle
& By POl
LFD A5D

[C71 Paints of Interest
Generate at tenth pointz
O Generate at section change paints
Generate at uzer-defined points
O &llaw mament redistribution
O Include bearing stiffeners in rating
Allow plastic analyziz
O lagnore long. reinf in negative moment capacity
Distribution Factor Application Method

m

[C31 Paints of Interest
Generate at tenth points
O Generate at section change paints
Generate at uzer-defined points

O 1anore long. reinf in negative moment capacity

oK. ] [ Apply ] [ Cancel

Analysis Progress

B+ Analysis Bvent - Location - 126.0000

Lo [Z Plate Girder - Allow - Location - 132.0000
- Location - 135.0000
- Location - 144.0000

- Location - 153.0000
- Location - 162.0000
- Location - 164.0000

ift)

ift)

ift)

()

- Location - 148.0000 (ft)
()

ift)

ift)

)

- Location - 171.0000 (f
- Location - 180.0000 (f)
Finding maximum stresses in the unbraced lengths. ...

Finished finding maximurm stresses in the unbraced lengths....

Processing marment redistribution |

- Location - UOUU (1)
- Location - 9.0000 ift)
- Location - 16.0000 (ft
- Location - 18.0000

@ The Analysis Progress dialog will let you know if

- Location - 27.0000
- Location - 32.0000
- Location - 36.0000

moment redistribution was processed. If the beam does
not meet the requirements in App B6.2, a message will be

- Location - 48.0000
- Location - 54.0000
- Location - 63.0000
- Location - 64.0000
- Location - 70.5000

4 mn

(ft
(ft
(ft
(ft
- Location - 45.0000 (ft
(ft
(ft
(ft
(ft
(ft

)
)
)
y
y
% icciiad hara that tha cartinn Aid nat Analifu far mAamaoant
)
)
)
)

Wiew Rating Log

Prirt

J
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The spec check results summary now shows all articles passing.

[F=%(Eon ==
| || CaUsersiethan.uongyl © ~ & || 2 ChUsershethan.uongiDocu.. | | TTRARLE
& snagit B &
Bridge [D : 466 NEBI Structure ID : 5t16_Training
Bridge : 2 Span Plate Girder Traming Bridze Alt: ~
Superstructure Def : 2 Span, 4 Cirder system
Member : G2 Member Alt - Plate Girder - Allow Moment Redistribution
Analyeis Preference Setting : None
AASHTO LRFD Specification, Edition 7. Interim 2016
Specification Check Summary
Article Status
Flexure (6.10.7.1.1, 6.10.7.2.1) Pass
Shear (6.10.9) Pass
Fatigue (6.10.5.3) NA
Serviceability (6.10.4.2.2 Pass
Constructability (6.10.3.2.1, 6.10.3.2.2, 6.10.3.2.3) Pass
Transverse Stiffensrs (6.10.11.1.2,610.11.1.3) Pasz
Longitudinal Stiffeners (6.10.11.3.1, 6.10.11.3.2, 6.10.11.3.3) NA
Bearing Stiffeners (6.10.11.2.2, 6.10.11.2.3, 6.10.11.2.4) Pass
Shear Connector (6.10.10.1, 6.10.10.4) NA
Field Splice (6.13.6.1.4a, 6.13.2.6, 6.13.2.7, 6.13.6.1.4b_ 6.13.6.1.4c)| NA
Girder Member Proportions and Compactness (Stage 3)
Location . Proportion Code Code
(60 Composite Code Check Compact Check
0.000 Yes Pazs — Compact E
9.000 Yes Pazs — Compact E
12.000 Yes Pazs — Compact E
27.000 Yes Pazs — Compact E
36.000 Yes Pazs — Compact E
45.000 Yes Pazs — Compact E
34.000 Tes Pass — Compact E
63.000 Tes Pass — Compact E e

Moment redistribution takes some of the negative moment at the pier and distributes it to the positive moment regions.

After the elastic stresses are computed in the first phase of spec checks, the articles in Appendix B6.2 are evaluated to
determine if moment redistribution is permissible. If it is permissible, the effective plastic moment at the piers is
determined. This moment is then used to compute the redistribution moments, Mrd, at the piers and at all other points
using linear interpolation. After the redistribution moments are computed, the stresses due to the redistribution
moments are computed. The redistribution stresses are then combined with the elastic stresses and the flexure type is

re-determined for this total stress.

The specification articles then take into account the redistribution stresses when computing the design ratios.
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The following sketch shows the elastic moment envelope for Strength I and the computed Mrd envelope.

-
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- -
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The following sketch shows how the redistribution moments increase the positive moments and reduce the negative

\- ~/ ......... +I\,:I,|::'\|\:r:|
\./
\V

The following article shows the effects of moment redistribution:
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Sper Check Detail for 6.10.8.1.3 Continuously Braced Flanges in Tension or Compression

6 Steel Structures

6.10 I-Section Flexural Members

6.10.8 Flexural Resistance-Composite Sections in Negative Flexure and Noncomposite Sections
6.10.8.1 General

6.10.8.1.3 Continuously Braced Flanges in Tension or Compression

(RASHTD LRFD Bridge Desigm Specificarions, Seventh Edition - 2014, with 2016 Interims)

Steel Plate - At Location = 72.0000 (fr] - Left Stage 3

INPUT:
Phif = 1.000

Section Type: Composite

Top Flange Laterally Supported: Yes

ATTow Honent Fedistribution Control Uptiom: Yes

Homent Redistribution : Yes, Moment Redistribution did occur

SUMMARY :

fbu <= Phif * Rh % Fyf (6.10.8.1.3-1)
Resist = Phif * Rh # Fyf

Design Ratio = Resist/fbhu |

Note: If the capacity has been overridden, the Resistance is computed as override phifoverride capacity.
Otherwise the Fesistance is computed as per the Specification.

Limit Load Flexure Override Desigm
State Combo Type  Component fhu frd Fh FyE Phi FyE Resist Ratio  Status
(ksi) (ksi) (ksi) (ksi) (ksi) (ksi)

STR- 1 Fost -—- -—- -—- -—-
STR-T 1 Teg Flange 15.50 -2.48 1.00 50.00 3.84 Pass
STR-I z Post - - - - - - - -
STR-T H Neg  Top Flange 13.60 -2.48 1.00 50.00 50.00 4.50 Pass
STR-I 3 Teg  Top Flange 3.91 -2.48 1.00 50.00 50.00 35.25 Pass
STR-T 3 Neg  Top Flange 14.50 -2.48 1.00 50.00 50.00 4.16 Pass
STR-IIT 1 Neg  Top Flange 3.56 0.00 1.00 50.00 50.00 14.04 Pass
STR-III 1 Teg  Top Flange 5.61 0.00 1.00 50.00 50.00 8.91 Pass
STR-IIT 2 Neg  Top Flange 3.56 0.00 1.00 50.00 50.00 14.04 Pass
STR-III 2 Teg  Top Flange 5.61 0.00 1.00 50.00 50.00 8.91 Pass
STR-IIT 3 Neg  Top Flange 3.91 0.00 1.00 50.00 50.00 12.78 Pass
STR-IIT 3 Neg  Top Flange 5.61 0.00 1.00 50.00 50.00 8.91 Pass
STR-V 1 Post - - - - - - - -
STR-¥ 1 Neg  Top Flange 13.24 -1.48 1.00 50.00 50.00 4.25 Pass
STR-V z Post - - - - - - - -
STR-¥ H Neg  Top Flange 11.77 -1.48 1.00 50.00 50.00 4.86 Pass

m
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Specialized Hauling Vehicles (SHV’s)

A new category of Legal Loads is available as per the MBE specifications:

@ Library - Factors - LRFR == E
Name: [2011 AA5HTO LRFR Specifications Library
(@) Standard
Description: | 2011 A45HTO LRFR Specifications - Agency Defined
Load Factors | Legal Loads | Pemit Loads | Concrete I Steel I Wwiood I Specifications
Table 64.4.4.2 321 /" Table £4.4.4.2.36-1 N\
Foutine Traffic Specialized Hauling ehicles
Traffic Volume (one direction}| Load Factor Traffic Volume (one direction) | Load Factor
Unknown 1.800 Unknown 1.600
Recent ADTT == 5000 1.800 Recent ADTT »= 5000 1.600
Recent ADTT = 1000 1.650 Recent ADTT = 1000 1.400
Recent ADTT <= 100 1.400 Recent ADTT == 100 1.150
™ Analysis Settings (=@ =]
() Design Review @ Rating Riating Method: | LRFR -
Analysis Type
(@) Standard Advanced
Lane/Impact Loading Type:
Az Requested
Wehicles | Dutput | Engine | Description
Refresh ] [ Temporary Yehicles... ] [ Advanced.. ]
Wehicle Selection: Vehicle Summary:
- Standard - Add_ to =- Fl_ating ‘Wehicles
. H 15-44 | Rating - LRFR
- H 20-44 =8 Design Load Rating
- HL3 (51) > :
- HL-93 [U5)
- HS 15-44 A - Operating
- HS 2031) Pl - LeHLE3US)
- HS 2044 (e =) Fatigue
- Lane-Type Legal Load = Analysis i LRFD Fatigue Truck [115)
- LRFD Fatigue Truck [S1] [1- Legal Load Rating
- LAFD Fatigue Truck [US) - Routine
- MRL Lare-Type Legal Load
514
5U5
- SUE m i
- SU7 [=- Specialized H auling
- Type 3 MEL
- Type 3-3 o - Permit Load Rating
[ Feset ] [ Clear ] [ Open Template ] [ Save Template [ (] ] [ Apply ] [ Canhicel
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Permit Lane Load and “Gapping”

New to Version 6.3 is the ability to enter a lane load to be applied with a permit truck as specified by the MBE. Where
the truck is placed the lane load is to be removed or “gapped.” The MBE does also allow the lane load to be

superimposed on top of the permit vehicle for ease of analysis.
The permit lane load is applied as follows:

e For negative moment - lane load should always be applied for negative moment regions regardless of span
length.
e For positive moment - apply the lane load for span length between 200 and 300 feet regardless where the

point of interest is.

The following illustrates this procedure for positive moment.

If 3" span is less than 200 ft with
gapping -

Forall spans greater than 200 ftand less g sy
than 300 ft with gapping - _

For all spans greater than 200 ft and less _
than 300 ft without gapping

A~_
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To exclude the lane load where the permit truck is placed, click on “Exclude permit lane load from permit vehicle

location.”

File Edit View Bridge Substructure Tools Window Help

NEES an| ) eSO B8 %E m=| 6w RO X -]

ORI Y]

| [Pretiminary, ]| = 7 ki @ B T @ & B |

| Exclude permit lane load from permit vehicle loc:

i

B.Bridge%(?jvmid S = i
/23 All Bridges @ Analysis Settings (= IT&][=] [wiro
. [@-[@ Sample Bridges = = = = %
_..(@l Deleted Bridges ( Design Review © Rating Raling Method: [LHFR v] —
Analysis Type 125
® Standard Advanced 0
0
Lane/impact Loading Tgvyf )
| ¢ Requested v | 0
Vehicles | Qutput | Engne | Description| =
Traffic Direction: = F
Refresh T £ ] [Advaneed... l) ‘
p Vahicle Selacti ; - S——’
Vehicle Properties B |
single [ | g Legal Permit 0K
Vehicle T"m"’;“ Fs:;:, mpact] Lane | ‘9% override| Live Load| | Frequency| 22528 | Overrde | Live Load
Loaded Factor Factor
HL-93 (US) [l 1 [l m dingle Trip _vJEscorted || 7]
Lane-Type Legal Load| [7] 1 [ ¥ L] dingle Trip vl Escorted | 7]
LRFD Fatigue Truck (U] [7] 1 [F] ] dingle Trip v Escorted v
NRL (] 1 | @ [ 1.1 |dingle Trip v | Escorted |
Type 3 I gingie Trip v Escorted [/
Type 3-3 || s §ingle Trip ] Escorted [~
Type 352 [&] 1 dJingle Trip v Escorted v
< [0 ] »
Peimit lane load: kip/ft

The user may also override the internal Legal Load Live Load Factor as shown above.
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