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Introduction

About This Manual

The LARSA 4D Steel Bridge Module provides specialized tools for creating LARSA 4D models of I, box, and tub
girder steel bridges and for performing AASHTO LRFD code check on these bridges. The module is specifically
developed for the special needs of skewed and/or curved bridges and bridge structures with complex geometry.

The module has four components: The first component, model generation, provides a parametric approach to creating
bridge models. The second component, load generation, prepares a Staged Construction Analysis and creates the
factored load combinations needed for AASHTO LRFD, including influence-surface live load analysis. Unusual model
geometry, loading conditions, and construction stages may be entered into the model after generation and loading.
The third and fourth components of the module, which are code check according to AASHTO LRFD and load rating
according to AASHTO LRFR, use the forces and stresses computed on the full 3D model generated by the module, or
on models created outside of this module. The Steel Bridge Module provides far greater flexibility than a 2D grillage
analysis.

This manual is organized in the form of a tutorial. We will generate, code check, and rate a horizontally curved steel I-
girder bridge. You will recognize the tutorial parts of this manual by the special keyboard & mouse icon next to steps
you can follow. Between these tutorial steps, we will discuss the various features of the Steel Bridge module.

11SPA@ 19'1" =210
R =700 ft

Transverse Position of Girders
Gl=-165ft

Model layout diagram

Final model with complete rendering
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About LARSA 4D

LARSA 4D is an advanced multipurpose 3D structural analysis package featuring a powerful graphical user interface
and an analysis engine with unmatched analytical features including influence line and surface based live load analysis,
staged construction analysis, time-dependent material properties and segmental construction analysis, hysteretic and
seismic element and seismic analysis, and progressive collapse.

The LARSA structural analysis engine has been in commercial use for over 25 years. During this time LARSA has
become the most trusted software of its kind for segmental, cable-stayed, suspension, steel girder and other bridge
forms, as well as other structures requiring advanced staged construction analysis, geometric and material nonlinearity,
or complex three-dimensional geometry. With short-span pedestrian to major long-span crossing completed in eight
countries and hundreds of cities, LARSA is recognized by leading engineers as the premier software for the design
and analysis of today’s most iconic structures. We have come a long way since LARSA was first available on VAX
super-mini computer decades ago.

LARSA, Inc. has always been an industry leader. LARSA was the first offer an individual PC-based DOS structural
analysis package with geometric and material nonlinearity analysis in 1986. In 1994, LARSA took the early next step to
Microsoft Windows with a point-and-click graphical user interface and two years later was the first off elastic/perfectly
plastic pushover analysis. Today, LARSA’s flagship LARSA 4D software products continue to lead the field of bridge
software with robust staged construction integrated with nonlinear analysis, influence-surface based live loading, and
other complex design needs such as for high-speed rail bridges. Complemented with unique and innovative client
support systems, LARSA 4D makes engineers feel comfortable as our developers and support personnel work closely
with each client to develop the tools clients need to make their work more efficient and effective.

If you have any questions completing this training manual, you are welcome to contact LARSA’s Support Team at
support@larsa4d.com.
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Capabilities of the Steel Bridge
Module

Some of the capabilities of the LARSA 4D Steel Bridge Module include:

Geometry

Define complex curved bridge alignments using LARSA 4D Bridge Path Coordinate Systems.
A 3D finite element model is created for accurate analysis and design.

Provide skew angles and support conditions for each abutment, pier, and cross-frame.

Create I-girder, box girder, tub girder structures.

Vary plate size and deck width along the length of the bridge.

Start and end girders at any point along the bridge.

Model bridges with cross-slope, splice points, lateral bracing, and hybrid girders.

Refine the 3D finite element model by specifying the maximum side length of deck plate elements.

Loading

Create AASHTO LRFD compatible live loading with vertical, centrifugal, and braking effects.

Automatically generate sidewalk, barrier, parapet, bridge rail, pedestrian, future wearing surface, monolithic
wearing surface, utility, and wind loading.

Simulate the construction and pouring sequence of the girders and deck.
Simulate the movement of the screed during construction.

Account for stay-in-place or strippable deck formwork.

Analysis

Analyze the construction sequence using LARSA 4D's staged construction analysis.

Account for short-term and long-term concrete properties using LARSA 4D's time-dependent staged
construction analysis.

Live load results are computed using influence surfaces.

Compound Element Forces are used to extract sectional forces from girders modeled with multiple elements
(web as plate, flanges as beam elements).

Code Check

Perform AASHTO LRFD code checks on arbitrary steel girder bridge finite element models.
Create custom load classes and combinations.

Check constructability, strength, servicability, fatigue, optional live load deflection check.
Provide a list of stations to be code checked.

Account for deck reinforcements, shear studs, and longitudinal, transverse, bearing, and box flange stiffeners.

7
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* View detailed code-check reports at each station with step-by-step formulas.

Load Rating

» Perform AASHTO LRFR design, legal or permit load rating on arbitrary steel girder bridge finite element
models.

» Provide a list of stations to be rated.
* Provide a list of custom or standard rating vehicles per station.
» Express live load carrying capacity of the bridge as a rating factor.

* View detailed load-rating reports at each station with step-by-step formulas.

User Interface
* An intuitive interface with a step-by-step approach and powerful tabular data entry.

* Context aware help included within the interface, allowing the user to see the description of each input while
entering the values.
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Getting Started

The LARSA 4D Steel Bridge Module has a task-based user interface where each task is carried out with a step-by-
step procedure. Navigation buttons are used to advance or backtrack through the steps. There are four main tasks:
Generate a new steel girder model (Step A), create bridge loading data (live load, dead load, construction loads, staged
construction, etc.) (Step B), perform code check per AASHTO LRFD (Step C) and perform load rating per AASHTO
LRFR (Step D). These tasks will allow you to generate a full 3D finite element model of a steel plate girder bridge
and load the bridge for code-based loading scenarios. You can then make structural changes to the model as needed
and return to the module and continue with Step C. Before each task, the module scans the project to recognize these
custom changes.

WY steel Bridge Module.., - O *
g

Steel Bridge Module

nd fill-in appropriate figld

Report |ssues

<< Previous Cancel MHewt »»

Steel Bridge Design ~

""- - What do you want to do?

[] Step A - Generate a new steel girder model.

[[] Step B - Create bridge loading data (live load, dead load, construction loads, staged construction etc).

. T

i 7"?,_ 1 f";., [[] &tep C - Code check per AASHTO LRFD.
b’ i 79 b

f'?._f - [] StepD - Load Rating.

.=

LARSA 4D Steel Bridge Module

We will now begin the tutorial.
=% Open LARSA 4D, or if LARSA 4D is already open, start a new project.
=% Save the project, such as with the name “steel bridge example.”

Set project units before continuing.

=% In Input Data — Units, click Imperial and then Change Labels .

Apply Conversion converts all numeric values in the project to the new units you have specified. Since we have not
entered any data yet, we used Change Labels to set the project’s units without applying a unit conversion.

m% Access the LARSA 4D Steel Bridge Module through the main menu Design — Steel Bridge Design .

9
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_'J LARSA 4D - steel bridge example.lar
File View Graphics Selection Draw Medify Input Data Analysis Results | Design | Joels Window Help

Y= il 3 02 73 Ultimate Strength Check...
@O Db {) C _{ ‘!‘{ :{ “_’{ _f g{ @ ;e *_::::} Morment Curvature Analysis...

WU Graphics View 1

Yield Surface —
Wood-Armer Reinforcement Mements
Mass Moment of Intertia...

Geometry Control [ 3

| Steel Bridge Design...

Accessing the Steel Bridge Module

Once activated, the module’s main window will open up, and we can now define the task we are going to perform.

What do you want to do?

[] Step A - Generate a new steel girder model.

[] Step B - Create bridge Inading data (live load, dead load, construction loads, staged construction etc).
[] Step C - Code check per AASHTO LRFD.

[] Step D - Load Rating.

Task input options

The tasks listed in the main window need to be performed in a sequence.

* If the model will undergo custom changes after model generation, Step A is performed first, and then
modifications are done to the model through the LARSA 4D’s main interface before going to the next steps.

 Itis possible to select Step A and Step B at the same time, enter all the information regarding the bridge
geometry and loading, then perform these tasks together.

» Before going to Step C - Code Check or Step D - Load Rating steps, the analysis needs to be performed, and
the results required to perform these tasks should be available in the model.

In this tutorial, we will perform each task separately.
=% In the module’s main window, select Step A - Generate a new steel girder model .

e¢ Click Next.
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Bridge Alignment and Support
Conditions

The Step A - Model Generation task collects information about the structure to generate a 3D finite element model
of the bridge.

Steel Bridge Module... - O X

Steel Bridge Module

Import Export

<¢ Previousz Cancel Mext »>
Steel Bridge Design ~
B, Structure
';-‘?"..
- e, Alignment: Bridge Path W
o B [ EditAbutments &Piers |
I
3 N
Girders
Type: i girder (flanges as members, web as plate element) Vl Mare Info
Web Material: AT09-50 W
Top Flange Material: ATO09-50 W
Bottom Flange Material: AT09-50 W
Edit Girders
[Scroll down for more information on girders]
y Y
ILARS A 4D Cross-Frames and Splice Points
Material: ATO09-50 W
| Edit Cross-Frames and Splice Points || More Info (V]

Step A - Model Generation

We will start by entering the required information regarding the structure layout and support conditions.

Structure Layout

Structure Type

This input is used to specify if the bridge is continuous or simply supported at pier locations.

=) Select |Continuous .

11
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Alignment

e

We will enter alignment information for the bridge using a Bridge Path Coordinate System, which is a special
warped user coordinate system that defines the bridge reference line. In Bridge Path Coordinate System,
coordinates are entered as station/transverse offset/elevation triples rather than X/Y/Z. Station refers to the arc-
distance along a reference line, usually on the bridge deck. Transverse offset refers to the perpendicular distance
from the reference line. And elevation is the vertical distance from the reference line.

In the Alignment input field, drop down the list box and select New Bridge Path .

structure
Alignment: Clobal X v

Edit Abutments & Piers |

Create New Bridge Path
The Bridge Path Editor window will appear.
W] Bridge Path Editor pod
Horizontal/Plan Curve Wertical/Elevation Curve Bank Raotation Other
Harizontal Gearnetry Contral Paints Harizontal Geometry Curve Fitting 0K
Station Heading A Curve Type R adius ~ Ml
1 10 1} 1 |Largest Arc - =P
2 100 0.
3
]
< >
W
[ >

Bridge Path Editor

Bridge Paths [in LARSA 4D Reference Manual] are defined by establishing a horizontal curve for the bridge
plan and a vertical curve for the bridge elevation. The horizontal curve is composed of one or more straight-line,
circular, or spiral segments between control points. Control points are usually found on site plans with their station
and heading, which is entered into the Steel Bridge Module. The elevation curve is composed of one or more

12
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straight or parabolic curves between elevation control points. The station, elevation, and grade at each elevation
control point are given.

=R Enter the station of the start and end of the bridge as 0 ft and 530 ft.

:

Leave the heading angle as 0 degrees at the start of the bridge.

=R Set curve type to “Circular Arc” and enter the radius as 700 ft.

According to existing inputs, the heading angle at station 530 ft is suggested as 43.3811 or -43.3811 degrees.

Horizontal Geometry Curve Fitting Harizontal Geomety Curve Fitting
Curve Type Radius 63 Curve Type Radius o)
1 | Circular & - FI00.00 1 | Circular 2rc - 700.00

< > £ >

set next heading to -43.38 zet next heading to 43.38

Heading Angle

= Keep clicking 43.38 button until the heading is set to -43.3811 degrees.

WF§ Bridge Path Editor x
Horizontal/Plan Curve Yertical/Elevation Curve Bank Rotation Other
Harizontal Geametry Control Points Huorizantal Geomety Curve Fitting 0K
Station | Heading f Curve Type R adius " Hel
1|0 D, 1 |Cicdarfie 700,00 =P
2 |h30 |-43.38‘I1
3
]
L4 >
]
£ > zet next heading to 4338

Horizontal Curve (Plan View)

Although this example uses a single curve for horizontal alignment, the module can create curved bridges with
multiple curves. When multiple curves are used, the curves are automatically fit between horizontal control points

13
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with changes in heading. As we can see in this example, common survey stations and bearings provided by project
site plans can be directly entered into the module.

Station Heading
0 ST055E
19825 ST7055E
730.25 N4924 58E

Leave spaces in between degrees, minutes and seconds.

Wj Bridge Path Editor

x
Horizontal/Plan Curve Wertical/Elevation Curve Bank Rotation Other
Harizontal Geametry Control Points Harizantal Geometry Curve Fitting 0K
Station Heading (i Curve Type R adius " Hel
1 |2 570.°55.'0."E 1 |Largest Are hd =F
2 |198.25 570.°55.'0."E 2 |Largest e -
3 |73025 M43.°24.'58."E
1 v
L4 >
Y]
£ >

Curve Information Coming From Site Plans

= Click |OK | to save the Bridge Path Coordinate System path.

The module will ask you to name the Bridge Path Coordinate System.

=P Enter “Bridge Path” to name it and then click OK.

Abutments and Piers

The abutment and pier locations are defined next, along with support conditions.

¢ Click Edit Abutments & Piers .

In the spreadsheet that opens, the station number, skew, and restraint are entered for each abutment and pier.

The first and last entries within the spreadsheet are used to define abutments, and all intermediate entries are used
to define piers.

14
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Station

The x-coordinate of the abutment or pier if the Global X alignment option is chosen, or the station coordinate
on the station axis of the Bridge Path Coordinate System alignment.

Skew

Each defined abutment or pier can have a skew angle, entered in degrees. The sign of the skew angle follows

the left hand rule about the elevation axis (positive skew is clockwise).

By using the skew angle input of piers/abutments, the program will automatically compute the locations for girder

supports.

Degrees of Freedom

The support condition at each abutment and pier are entered separately in the six directions of translation and
rotation (TX, TY, TZ, RX, RY, and RZ). For each direction, specify “fixed” or “free.” A spring constant can

Abutment and Pier Skew Angle

also be entered to model substructure stiffness.

In this example, at the abutments the girders are supported in TY and TZ directions. At the first pier, interior girders
are supported by pin supports (TX, TY, TZ) while exterior girders are supported by rollers (TZ fixed only). At the
second pier, girders will be supported by six grounded springs acting in all translational and rotational directions.

In this spreadsheet, since the support conditions are not specified for individual girders, restraint conditions at the first

pier will be modified after model generation.

mr® Starting with the first abutment, enter the information as shown in the figure below.

Abutment and pier information

15

Station Skew [deg) Tx $upporl Ty ﬁupporl Tz ﬁuppnrt Flg Support FI_!,l Support Fl_z Support
[Ft) [kip=s/it) [kip=/it) [kip=/it) [kips-ft/rad] | [(kips-ft/rad) | (kips-ftfrad)
1 0.0000 0.0000 free fixed fixed free free free
2 160.0000 0.0000 fixed fixed fixed free free free
3 370.0000 0.0000 99000 8600 28000 670000 500000 650000
4 530.0000 0.0000 free fixed fixed free free free
)
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=% Click Back to Main Page to close the spreadsheet.
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Girders, Cross Frames, and Splice
Points

Girders

Girder Type

The LARSA 4D Steel Bridge Module supports I, box, and tub steel girder bridges. To accurately capture the extraction
of lateral bending moments, the module provides six modeling options for how beam and plate/shell elements are used
to model the girders. The options can be seen in the figure below.

Girders
Type: i girder (one member for the flanges and weh) | More Info
i girder (flanges as members, web as plate element)

Web Material: ;

] tub girder (open top, beam)
Top Flange Material: tub girder (open top, shell) (double bearing)
Bottom Flange Material: | fub girder (open top, shell) (single bearing)

. box girder (one member forthe flanges and web)
Edit Girders

;*1) Flange Width £
et : Top Flange Width
5 15 ﬁ P Top Flangas Width o N N
% ﬁ FE =T : ——
I|& o A
o Wifab [=1H3 o
5 E "I Thickness &0 5|2 E 2
= s = |E ols -
i FIR S i A £l s B
B & = (= ] al FlF g,
2 £ a -g Fi= ol & Ll
2 e 2 £ £ 2 Elg
H = ; =(e
£ o=
g ] (= a|F
|
| | | 1
T Bottor Flange Width ™ Bottom Flangs Width
Bottom Flange Width
| Girder Box Girder Tub Girder

Supported girder types

I girder (one member for the flanges and the web). A beam element represents the cross-section of the girder: both
the flanges and the web. The girders are connected to the deck’s joints, and member end offsets are applied to bring

the girder down from the deck COG to the girder’s COG.

17
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"

I girder (one member for the flanges and the web)

When the I-girder is modeled as one beam, flange lateral bending moments are determined by a formula specified
in AASHTO LRFD based on the radius of the bridge alignment, span length and major axis bending moment. This
is generally a conservative approach. On the other hand, when flanges of I-girders are modeled as members and the
web is modeled as a plate element, discussed next, flange lateral bending moments can be extracted from the elements
directly and used in flange lateral bending stress checks.

I girder (flanges as members, web as plate element). This option uses beam elements (members) to model flanges
and plate elements to model the web. The top flange of the girder is connected to the deck with rigid beam elements.

-
| -~
-

I girder (flanges as members, web as plate element)

Box girder modeled with beam elements. Similar to I girder modeled as one beam, the beam cross-section definition
is a closed top steel box girder.

18
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Box girder as beam elements

Tub girder modeled with one beam: An open-top box girder as a single cross-section.

Tub girder as beam elements

Tub girder modeled with a combination of member and plate elements. With this type, the top flanges are modeled
as beam elements (members), the bottom flange and web of the girder are modeled as plate elements. The top flanges
of the girder is connected to the deck with rigid beam elements.

19
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Tub girder as beam and plate elements

In this tutorial example, we will use the second option to model the flanges of the I-girder as members and the web
as plate elements.

er% [n the Girder Type input field, click drop-down list box and select |i girder (flanges as members, web as plate

element) .

Girder Material

The Steel Bridge Module includes a variety of standard materials available for girders. A custom material can also be
included in the materials drop-down list by defining the material in LARSA 4D's main interface beforehand.

For the modeling options in which girder web and flanges are modeled by separate elements, it is possible to assign
different materials to web and flanges.

=% Click the drop-down list box and select A709-70 material for the web, and A709-50 material for the flanges.

Girders
Type: i girder (flanges as members, web as plate element) | More Info
Web Material: ATOS-70 W
Top Flange Material: ATO9-50 W
Bottom Flange Material: ATO9-50 W
Edit Girders

[Scroll down for more information on girders]

Material Data

Girder Properties

Next, we will enter the information regarding girder locations and cross-sectional properties.

=¢ Click Edit Girders .

20
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W Steel Bridge Module... — O s
9

Girders e
The wizard requires additional information. Please filkin the spreadshest below. Don't forget to right click on the spreadsheet for more options. 4 ‘{‘\“

Impoit  Export Report lssues

Back to Main Pags

e da=t Bl EL WS v
Girder Vertical Offset | Tub Girder | aiation |

" Begin - Transverse | Transverse Haunch Web Top Flange Bottom Top Flange Bottom A
et | skewAngle | Stafion | " Bt | pitsot@” | Dtset@ | Thickness | WeRDCPM | Thickness | width Flange | Thickness | Flange | Alignment
umber [} Start End in) n fin) fin) Width {in) Thickness
:
v
< 2>

Girders Spreadsheet

Girder Number
Girder Number should start with 1 for the first girder and increase consecutively from the first girder to the last
girder.

Girder Number

00 ©6

Example Girder Numbering

The spreadsheet should have at least one row for each girder. In order to define a cross-sectional change or varying
transverse offset values relative to the bridge centerline, multiple rows should be entered for the same girder.

D

~ 1

Example Girder Entries

Skew Angle
This input simplifies the process to define a straight or curved bridge having the same skew angle at the
abutments. After entering the same start and end station input for all girders, the skew angle can be given to
shift the girders longitudinally. The sign of the skew angle follows the left hand rule about the elevation axis
(positive skew is clockwise).

Begin Station/End Station

21
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Station refers to the longitudinal position along the bridge centerline. If a girder does not have uniform
properties throughout the bridge, the Begin/End Station is used to specify the range of different cross-sectional
properties or transverse offset values for a girder.

If the abutments have skew angle specified in the Edit Abutments&Piers spreadsheet, you do not have to enter the
exact start and end stations of the girders in the Edit Girders spreadsheet. It would be enough to enter the same Begin
Station for all girders, which is before the begin abutment, and the same End Station for all girders, which is after
the end abutment. The location of girders will automatically be computed by using the abutment skew values and
transverse offset of the girder.

Transverse Offset @ Start/End
Use these fields to specify the transverse location of each girder relative to the bridge centerline (the Global X
axis or the Bridge Path Coordinate System centerline, depending on what was selected earlier). The transverse
offset is measured perpendicularly from the bridge centerline and positive values follow the right-hand rule
where the longitudinal (station) axis is the x-axis and the transverse axis is the y-axis, the same convention as
girder numbers.

In this spreadsheet, the smallest transverse offset value should correspond to the first girder, and the largest transverse
offset value should correspond to the last girder.

Haunch Thickness
The haunch thickness is measured from top of the web to the bottom of the deck, including the top flange
thickness. The haunch weight is included in the deck weight, but its stiffness is ignored. The length of rigid
members connecting the top flange of girder to the deck is equal to the haunch thickness plus half of the deck
thickness.

Section Dimensions

The cross-section dimensions of the girder are defined by Web Depth, Web Thickness, Top Flange Width,
Bottom Flange Width, Top Flange Thickness, and Bottom Flange Thickness inputs.

22
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Haunch . Top Flange

Thickness | Thickness
Bottom Flange
Thickness

Bottom Flange Width

Cross Section of the I Girder

You can continue following the manual by entering below simplified input data for girders where each girder has one
spreadsheet row and cross-sectional changes are not defined along the girder.

Steel Bridge Module... - m] X

Girders &
The wizard requires additional informatian, Please fillin the spreadsheet below. Daon't farget ta right click on the spreadsheet for more options. r- y I

Impoit  Export Report |ssues

Back to Main Page

IR PECE SE TR VR U aRE
Gider Vertical Dffset | Tub Girder | Variation |

. il - -~
paitdet | Skew Angle Stagon | ENd i Offver & Stert | Offet & End T“::lilcrr'::;: T Thi\:f:es: Tnc{f‘!ﬂrr:ge Flar?;;lw;dth Tﬁ.‘?:i'.‘?é‘ff BoT“r?i?_kf.I:::ge Alignment
(ft) [f) (ft) (in) (in) (in) [in) [in) (in)

1 [ 00000 00000 5300000 165000  -16.5000  4.0000  84.0000 05625 150000  16.0000  1.0000 10000 Default
N 2 000000 00000  530.0000 65000 56000 40000 840000 06625  16.0000 160000 10000 10000 Default
3 3 00000 0.0000  530.0000 5.5000 55000 4.0000  84.0000 05625  16.0000  18.0000 10000 10000 Default
N 4 000000 00000  530.0000 166000 165000 40000 840000 05625 200000 210000 10000 10000 Default

il v
< >

Girders Input Data (Simplified)

m% [f you have the GirdersInputData.csv (see poF attachments) file, copy the data and paste it into the first row of the
Girder spreadsheet. The manual will continue assuming you have it. (The complete Girders Input Data is also
provided in the Appendix section of this manual.)

Make sure that you have four girders defined beginning from 0 ft and ending at 530 ft.
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Girder Vertical Dffset | Tub Girder | Vaiation |

=% Click Back to Main Page to close the spreadsheet.

Cross Frames and Related Geometry

The next section is used to define cross frames, diaphragms, splice points, and lateral bracings.

=% Choose the steel material A709-50 to be used for the cross frames.

Steel Bridge Module...

Steel Bridge Module
Il

in appropria

<< Previous Cancel Mest >>
[a)
. RSA 4D Cross-Frames and Splice Points
Material:
| Edit Cross-Frames and Splice Points || Mare Info
[Scroll down for more information on cross-Frames |
Substringers
Material:
Deck Interaction: Vertical Only %
W
L4 >

Cross frame material

24

,f ‘::::‘;[ Skew Angle SB;:E:JHH End [S“l]a tion Taa'?;vlege Tl?l?::tggg T:i‘::;:[:;s Web[iE]epth Thi\::r?ess Tﬂ&;;?'r:ge Elu‘;rll;r: TT‘;E[:?;?:?: E_Iual;;': Alignment
L] Start End in) [in) [in] Width [in) Thickness

1 1 0.0000 0.0000 116.0000 -16.5000 -16.5000 4.0000 §4.0000 0.5625 15.0000 16.0000 1.0000 1.0000 Default
| 2 | 1 0.0000 116.0000 140.0000 -16.5000 -16.5000 4.0000 84.0000 0.6250 21.0000 21.0000 1.2500 1.5000 Default
= 1 0.0000 140.0000 160.0000 -16.5000 -16.5000 4.0000 84.0000 0.6250 21.0000 21.0000 2.5000 3.0000 Default
L4 1 0.0000 160.0000 179.0909 -16.5000 -16.5000 4.0000 84.0000 0.6250 21.0000 21.0000 2.5000 3.0000 Default
| 5 | 1 0.0000 179.0909 202.0000 -16.5000 -16.5000 4.0000 §4.0000 0.6250 21.0000 21.0000 1.2500 1.5000 Default
| 6 | 1 0.0000 202.0000 326.0000 -16.5000 -16.5000 4.0000 64.0000 0.5625 15.0000 18.0000 1.0000 1.0000 Default
L7 1 0.0000 328.0000 3509041 -16.5000 -16.5000 4.0000 §4.0000 0.6250 21.0000 21.0000 1.2500 1.5000 Default
| & | 1 0.0000 350.9091 370.0000 -16.5000 -16.5000 4.0000 84.0000 0.6250 21.0000 21.0000 2.5000 3.0000 Default
=N 1 0.0000 370.0000 390.0000 -16.5000 -16.5000 4.0000 84.0000 0.6250 21.0000 21.0000 2.5000 3.0000 Default
| 10 1 0.0000 390.0000 414.0000 -16.5000 -16.5000 4.0000 84.0000 0.6250 21.0000 21.0000 1.2500 1.5000 Default
|11 1 0.0000 414.0000 £30.0000 -16.5000 -16.5000 4.0000 §4.0000 0.5625 15.0000 16.0000 1.0000 1.0000 Default
| 12 | 2 0.0000 0.0000 116.0000 -5.5000 -5.5000 4.0000 64.0000 0.5625 15.0000 16.0000 1.0000 1.0000 Default
| 13 | 2 0.0000 116.0000 1400000 -6.6000 -5.5000 4.0000 64.0000 0.6250 16.0000 19.0000 1.2500 1.5000 Default
| 14 | 2 0.0000 140.0000 160.0000 -5.5000 -5.5000 4.0000 84.0000 0.6250 18.0000 19.0000 2.5000 3.0000 Default
| 18 | 2 0.0000 160.0000 179.0909 -5.5000 -5.5000 4.0000 84.0000 0.6250 18.0000 19.0000 2.5000 3.0000 Default
| 16 | 2 0.0000 179.0909 202.0000 -5.5000 -5.5000 4.0000 84.0000 0.6250 18.0000 19.0000 1.2500 1.5000 Default
|17 2 0.0000 202.0000 328.0000 -6.5000 -5.6000 4.0000 84.0000 0.5625 15.0000 17.0000 1.0000 1.0000 Default
| 18 | 2 0.0000 328.0000 350.9091 -5.5000 -5.5000 4.0000 64.0000 0.6250 18.0000 19.0000 1.2500 1.5000 Default
| 19 | 2 0.0000 3509091 3700000 -6.6000 -5.5000 4.0000 64.0000 0.6250 16.0000 19.0000 2.5000 3.0000 Default
| 20 | 2 0.0000 370.0000 390.0000 -5.5000 -5.5000 4.0000 84.0000 0.6250 18.0000 19.0000 2.5000 3.0000 Default
L2 2 0.0000 390.0000 414.0000 -5.5000 -5.5000 4.0000 84.0000 0.6250 18.0000 19.0000 1.2500 1.5000 Default
| 22 | 2 0.0000 414.0000 530.0000 -5.5000 -5.5000 4.0000 84.0000 0.5625 15.0000 16.0000 1.0000 1.0000 Default
< >

Girders Input Data
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=% Click Edit Cross Frames & Splice Points to open the cross frames spreadsheet.
Cross Frames - Type

Wi Steel Bridge Module... - O ¥
g

Bracings

requires additional information. Pleaze fill-in the zpreadsheet below, Don't forget to night click on the 5

Report |zzues

Back to Main Page

DAERECE E 1% U I 1Y

Type Sectinnsl Substringersl Lateral Bracings

i Dist. from .
St[a:‘ttllun Type Bot. of Top | Depth (in] | Skew [deg) | Location Bays
Flange [in]
1 W
< >

Cross Frames - Type

Each row in this spreadsheet represents a cross frame(s), diaphragm(s), or splice point at a particular location along
the bridge.

Station
The location of the cross frame, diaphragm, or splice point along the bridge centerline.

Type
The type of cross-frame or diaphragm, or if this entry is for a splice point.

The module supports a variety of cross-frame and diaphragm types. The supported cross-frame and diaphragm types
are shown below.

X Type K Type 1 Internal Strut Diaphragm

X Type Closed K Type 2 External Strut Diaphragm with Flanges
X Type (Bottom Chord K Type 2 (No Bottom Diaphragm with Top
Only) Chord) Flange
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XN

X Type K Type (1) Diaphragm K Type (2) X Type Closed
K Type (2) (No Bot. Chord.)  Internal Strut Diaphragm with Diaphragm with X Type
Top Flange Top & Bot. Flange (Bot. Chord Only)

External Strut
Supported cross frames and diaphragms

For girders modeled as single beam elements, diaphragms are modeled as a beam running between the girders. For
girders modeled with the web as plate elements, as in this model, diaphragms are modeled as a plate element running
between the girders.

Internal Strut and External Strut types are only available for refined modeling approaches and are not available when
the girder section is modeled as a single beam element. The internal strut is assumed to transfer axial force and bending
effects (modeled as a "beam" element), while the external strut is assumed to transfer only the axial force (modeled
as a "truss" element).

A splice point ensures that joints are placed at this location in the finite element model but does not generate a cross-
frame or diaphragm at that location.
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- - * 4
3 g L ] : |
. - - * 1
] - & d

Splice Point
Splice Point

Distance from Bottom of Top Flange
This distance represents the amount of offset of the cross-frame, diaphragm or strut from the bottom of the top
flange and it is not applicable to splice points.

Depth
The depth of the cross frame or diaphragm. If the depth is left as zero, the cross frame or diaphragm will have
full depth of girder web. This input is not applicable to struts or splice points.

Dist. from Bot.
of Top Flange |

Depth

Distance from Bottom of Top Flange and Depth

Skew
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A skew angle can be assigned to each cross frame. They use the same system as the skew angle of abutments
and piers. If the cross frame, diaphragm, or splice point is on a skew, the skew angle in degrees (measured
clockwise, or the left-hand-rule) is given. When skew is used, the station is measured at the location where a
cross frame, diaphragm, or splice point intersects the bridge centerline.

Location

This input is for tub and box girders, and specifies whether the cross frame or diaphragm is external or internal
to the tub/box.

Bays
To define a cross frame or a diaphragm at a particular bay or bays this cell needs to be edited. The input can be
a single number, a range of numbers divided by '-', or different numbers divided by a comma. In order to create
cross frames on all the bays at the specified station, 'ALL' should be typed into the cell of this input.

As can be seen in the figure below, there are 4 girders and 3 bays in our example model.

W] Graphics View 1

BAY 1

L

| Giid | [ Render Dut of Seale 7] Walue Labels # Decimals Lenend Min #uta] Legend Max At 7

Bays

=% [f you have the file CrossFramesInputData.csv (see por attachments), copy the data and paste it into the first row of
current spreadsheet. The manual will continue assuming you have it (However, make sure the values on the csv
file are not automatically converted to date or anything else). (The complete Cross Frames Input Data is also
provided in the Appendix section of this manual.)

Make sure that you have 28 cross frame locations defined.
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|Type Seclinnsl Substringersl Lateral Bracings'

- 1 lal
5‘[“,‘;]“" Type n?fi:rh Top | Depth (in) | Skew (deg) | Location Bays
1 0.0000 K Type (2 10.0000 0.0000 External ALL
2 20.0000 X Type 0.0000 0.0000 0.0000  Extemnal ALL
3 40.0000 X Type 0.0000 0.0000 0.0000  Extemal ALL
4 60.0000 X Type 0.0000 0.0000 0.0000  Extemal ALL
5 80.0000 X Type 0.0000 0.0000 0.0000  Extemnal ALL
6 100 0000 X Type 0.0000 0.0000 00000  Extemal ALL
7 120.0000 X Type 0.0000 0.0000 0.0000  Extemal ALL
g 140.0000 X Type 0.0000 0.0000 0.0000 External ALL
9 160.0000 K Type (2) 0.0000 0.0000 0.0000  Extemal ALL
10 179.0900 X Type 0.0000 0.0000 0.0000  Extemal ALL
11 198.1800 X Type 0.0000 0.0000 0.0000 External ALL
12| 217.2700 X Type 0.0000 0.0000 0.0000  External
13 | 2363600 X Type 0.0000 0.0000 0.0000  Extemal
14| 2554500 X Type 0.0000 0.0000 0.0000  Extemal 5
€ >

Cross Frames-Type Input Data

Cross Frames - Sections

% Change to the Sections tab.

The stations defined in the previous spreadsheet will be available in the current spreadsheet. If you delete a row from
this spreadsheet, the same station will be removed from the previous spreadsheet also.

Bracing Top Chord, Bottom Chord, Diagonal Sections
These three fields set the cross-section properties of the cross-frame and internal strut components.

For X Type (Open) cross-frames, only the diagonal section field is used. For internal struts, only the top chord section
is used. For other cross frame types, the section for the top chord, the bottom chord, and the diagonal chords should
be defined. These fields are not applicable to diaphragms.

There are three ways to define cross-section properties using the drop-down list provided for these fiels:

1. Selecting a custom section which can be included in the list by defining the section in LARSA 4D's main
interface beforehand.

2. Selecting (New Standard) to import a standard section.

3. Selecting (Area Only) to enter the cross-sectional area of the cross-frame member.
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Twpe || Sections  Substringers | Lateral Bracings
Staton | rocia Ter | ""Ehixd | Diagonal | Thickness
ection Section [inm]
1 00000 @GhE - Mone Mone 0.0000
2 20,0000 ERELE Mone Mone 0.0000
3 40.0000 |(New Standard) MNone None 0.0000
3 600000 (Area Only) None None 0.0000

Cross Sectional Properties of Cross Frame Members

In our example model, cross frame members have 5 in® cross-sectional area.

=% Choose the (Area Only) option in the drop-down list and enter 0.03472 ft?.

=% Click OK.
Create Section by Area .
Enter area for the section [fE].
Cancel
(0.0347

Section Area

% Copy the cross frame section data from the file CrossFramesInputData.csv (see poF attachments) provided, select
everything in the current spreadsheet and paste it in order to overwrite everything. Verify that there are 28 rows
on the spreadsheet.
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Steel Bridge Module...

Sections

ill-it the spread

Back to Main Page

t Below. Dot forget bo i

Report lzzues

Section Data

ICEENECE SE TR VIR I
Type ” Sections Suhstringersl Lateral Bracings
) ] . . g Diaphragm | ~
Station Bracing Top Chord Bracing Bot. Bracing Diagonal .

[Ft) Section Chord Section Section Th":[::::]mss
1 0.0000 Area: 03472 Area: 03472 Area: 03472 0.0000
i 20.0000 Mone Mone Area: 03472 0.0000
3 40.0000 Mone Mone Area: 03472 0.0000
4 60.0000 Mone Mone Area: 03472 0.0000
5 a0.0000 Mone Mone Area: 03472 0.0000
B 100.0000 Mone Mone Area: 03472 0.0000

While the Steel Bridge Module does not perform code check and rating on cross-frames, the Cross Frame Code Check
and Rating Tool offered in  Tools — Features On-Demand can be used for this purpose.

At this point, it is worth noting that this tool only works for roll shapes, not for the area sections. If you would like
to use this tool for your projects, you will need to define your cross-frame members by rolled-shapes, whether the
project is generated by the module or not.

Since we do not have a diaphragm, substringer or lateral bracing in our example model, we will skip these fields.

=% Click Back to Main Page to close the spreadsheet and continue with deck generation inputs.
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The Deck and Generation Options

Deck

Deck Material

As before, the materials drop-down menu presents a database of common materials.

=% Select Fc 4 concrete for the deck material.

Structural Thickness

The structural thickness is the thickness of the deck portion that has stiffness. This input parameter controls the
thickness of the deck plate elements to be generated.

=% Enter the structural thickness as 9 inches.

Actual Thickness

The Actual Thickness is the deck thickness, including the integral wearing surface. This input parameter is used in
Step B - Bridge Loading part of the LARSA 4D Steel Bridge Module when generating the deck weight loading.

=% Enter the actual thickness as 9.5 inches.

Overhang Width

Specify the width for the deck overhang. Different overhang widths can be entered for each side of the deck. Zero
can be entered to have no overhang. The -Y side precedes Girder 1, and the +Y side is after the last girder following
the right-hand rule.

=% Enter 3.75 ft for the -Y side and 3.75 ft for the +Y side.

Deck

Material: Fc_4 W
Structural Thickness: 9 in
Actual Thickness: a5 in
Overhang Width (-Y side): 375 |t
Owverhang Width (+Y side): A75 |t

[Scroll down for more information on deck properties |

Deck
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Generation Options
Deck Plate Refinement

Before running an analysis, it is important to break up long members into small pieces. Displacements are
computed only at the location of joints in the model, so it is necessary to put joints at intermediate locations on
each span. In this particular model, the refinement of the finite element is controlled by the deck.

Specify how refined you would like this 3D finite element model in terms of the longest allowable length of a
member or plate.

=% Enter 5.0 ft for the deck plate refinement.

Node Location Tolerance
Node location can come into play if you have skew angles or a complex bridge model, where many more
joints are needed to establish the connectivity of the model. In some cases, joints may be needed at very
small distances to create an exact representation of the specified bridge geometry, but this may significantly
complicate results extraction. Joints spaced at a distance less than the node location tolerance will be merged.

e Enter 0.1 ft for the node location tolerance.

Deck Plate Refinement: ft

(The maximum side length of a plate on the deck surface. Controls how refined the bridge should be modeled.)

Node Location Tolerance: it

(The tolerance used in determining joints atthe same location. Should be 0.1 for most models.)

Deck

Import/Export Module Input Data
The Steel Bridge Module input data is stored separately in a file with extension [JUIEH-

The module input file can be saved at any point by using the Export command, and a previously saved input file can
be imported into the module by using the Import command.
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Steel Bridge Module...

Steel Bridge Module

avigate through the

<4 Previous Cancel Mest =

Repart |zsues

Import/Export Commands

All the required information to generate our bridge model has been entered.

=% Use the Export command and save the input data. Then click Next to generate the model.

Steel Bridge Design P
Structure
Alignment: [ Bridge Path v || Edit|
TN
T Edit Abutments &Piers |
v
G, LS E

Final Model with Complete Rendering

Time Effect on Modulus for the Deck

Per AASHTO LRFD Bridge Design Specifications, “For transient loads assumed applied to the short-term composite
section, the concrete deck area shall be transformed by using the short-term modular ratio, n. For permanent loads
assumed applied to the long-term composite section, the concrete deck area shall be transformed by using the long-

term modular ratio, 3n”.

During the model generation process, the Material Time-Effect definition named “LRFD-3n” is automatically created
by the module and assigned to the deck concrete material to comply with this requirement. In order to review the

definition,

% Go to Input Data — Properties|.
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=% Change to the Material Time Effects tab (if you are not able to see this tab this may be related to your licence
capabilities, this feature is available for LARSA 4D BRIDGE PLUS license package only).

¥4 properties: CEB-FIP 90

tlaterials \ Sections \ LCs \ Spring Properties \ |zolator Definitions \ Material Time Effects Temperature Curve \

. - Exponent of Constant in Temp. Steel
Name E;z:f[ S';::::;gf'e Hfg:z?;':m Creep Shrinkage Adjusted Relaxation | Assigned
Devf_:lupmenl Devf_:lupment Concrete Age Type
1 |LRFD-3n 1.0000 1.0000 1.0000 0.3000 350.0000 Mo Custom Yes
2

Material Time-Effect Definition

The Material Time-Effect definition includes the corresponding time versus modulus of elasticity curve data.

% Right-click the row of definition and choose Edit Curve: Time VS Modulus of Elasticity.

!!TimeVS Meodulus of Elasticity: Concrete Time EI@
Coefficients Graph \
Modulus of 2
Time [Days) Elasticity
[Ib#inZ] Concrete Time Coefficients
1 1.0000 1.2017e6 3,600 g =
2 99.0000 1.2017e6 3300 " i
3 100.0000 3.6050e6| | _ 3.000
4 200.0000 3.6050e6 g 2700
5| = 2.400
=
5 2.100
E 1.300
= 1500, -
z 1208 =
= 0.900- -
o
= 0.500
0.300
0.000
1.0 21.0 41.0 1.0 81.0 101.0 121.0 141.0 161.0 181.0
Time (Days)
< 3| v

Show Only Selected Objects
Time vs Modulus of Elasticity

=% Close the spreadsheet and switch to Materials — More Properties  tab.
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_.'_._l Properties: More Material Properties

Materials Sectinns\ LIES\ Spring Properties \ |zolator Definitions \

Bazic Properties More Properties

Material Time Effects \

Temperature Curve \

- Post-yield to | Concrete | Concrete Tendon .
Mome |l | il slove | S| ek Stet | 0 0T | UTS | vine Eien | Asined
1 |Fc_ 4 0.00 0.020 Cylinder 4,000.00 MNaormal 0.00JLRFD-3n - Yes
2 |AT09-50 50,000.00 0.020 Cylinder 70,000.00 Mot Concrete 0.00{(NOME) Yes
3 |AT09-70 70,000.00 0.020 Cylinder 85,000.00 Mot Concrete 0.00|(NOME) Yes
4 |Rigid Material 0.00 0.020 Cylinder 0.00 Mot Concrete 0.00 (NOME) Yes
5

Material - More Properties

Under the Material Time Effect column, it can be seen that the “LRFD-3n” definition is automatically assigned to the

deck concrete material.

Additionally, the Include Time Effect on Modulus option is automatically enabled in the Time-Dependent Analysis

Options. In order to review the related analysis settings,

=% Go to Analysis — |Time Dependent Analysis Options .

Time-Dependent Analysis Options

Creep & Shrinkage & Time Effect on Modulus

Include Include Include Time
U Creep U Shiink age Effect on Modulus

Code For Creep & Shiinkage:

CEBFIPAD o O Include creep of tensile

awial farce for beams
Tendon Stress Losses

Include Steel O Logzes due to Creep/
Felaxation Shrinkage/ 51 Loads

Time Dependent Analysis Options

=% Click OK to close the window.
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Bridge Loading

After the LARSA 4D Steel Bridge Module generates the model, it is possible to make modifications to the model.

Before going to the loading part of the module, we will modify restraint conditions at the first pier. Recall that interior

girders are supported by pin supports (TX, TY, TZ) while exterior girders are supported by rollers (TZ fixed only)
at the first pier.

=% Unselect everything, select all members using Selection — Select Objects — All Members , then select the
joints using |Selection — |Select Joints of Selected Objects .

=% Activate Graphics — Hide Unselected .

=% Switch to 3D View, zoom in to first pier, unselect everything and select the exterior joints of the first pier using
the graphical selection tools.

/]

[==]=]
Toom 22.74% d ¢

) o

Q . - .
L .
FS B
~—. -

- o e LoealUCs Axes
‘ Grid Fender Out of Scale [¥alue Labels HDecimals: 1 Legend Min At Legend Max Ao 2

Iy
5.0

o

Exterior Joints of the First Pier

=% Go to Input Data — Joints, and change the translation degree of freedom of selected joints as z fixed only.
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!_.! Joints

=R TR =
Joints Members\ F'Iates\ Springs\ tazs Elements \ |solatars \ Tendons\ Lanesz/Surfaces \ Bricks\

Jaints Slave/Masters | Rigid Links |

D Station Tl.‘il]r}}wellse Elevation Translation Rotation Displacement Assi ~
(13} ":;]e [ft) DOF DOF ucs smgtnmen
1 208 160.0000 -16.5000 -7.9583 z fixed all free Bridge Path Yes
2 1198 160.0000 16.5000 -7.9583 z fixed all free Bridge Path Yes
< v
W Graphics View 1

==

F
4
1
9
L
e

AN

L.

| Grid | [|Rerder Outof Seak: [ Wakae Labek: #Decimalz 1 LegendMin At Lagend Mas

ALt ?
Support Conditions of the First Pier

=% Open the LARSA 4D Steel Bridge Module to move to Step B.

In place of Step A - Generate a New Steel Girder Model , you see Modify - Change the existing steel girder model .
The Modify option can be used to parametrically revise a model previously generated by the Steel Bridge Module. If
you wish to start over and generate a new model from scratch, you need to start a new LARSA 4D project.

=% Select Step B - Create bridge loading data and click Next.
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Steel Bridge Module...

Steel Bridge Module

F
Import Export Report |ssues
Steel Bridge Design A

What do you want to do?

[] Modify - Change the existing steel girder model.

Step B - Create bridge loading data (live load, dead load, construction loads, staged construction etc).
[[] step C - Code check per AASHTO LRFD.

[[] step D - Load Rating. [BETA]

Step B - Create Bridge Loading Data

The Bridge Loading Table will open. Using the information entered in this table, the module will generate load
cases, construction stages, and post-analysis result cases, including linear result combinations, extreme effect groups
(envelopes), and influence-based result cases.
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Bridge Loading Table

Vehicular Longitudinal Increment Centrifugal Design Velocity Braking Longitudinal Increment
I [ uew [ n
Enter zero to ignore centrifugal effect. Enter zero to ignore braking effect.
Live Load Vehicular Transverse Increment Braking Transverse Increment
n [ n
Entering zero will szzume zame a2 longitudins! spscing. Entering zero will szzume zame sz longitudinal spacing.

[Juse legacy live load generation with independent vertical and centrifugal loads.

Sidewalk width+Barrier at +Y edge Sidewalk width+Barrier at -Y edge Non-structural sidewalk thickness

Sidewalk l:l kips/fit
I:Iﬂ I:Iﬂ Thiz iz the sxtra thi on the i on top

of the deck thickness.

Wind Load Railings (+Y) Railings {-Y) Pedestrians
[ Jopsre [ lkpsm [ lkipsm [ lkipse
Strength
a Future Wearing Surfaces Monolithic Wearing Surfaces Utility Loads [BETA]
l:lkipsrﬂ= l:lkipsrfF Utility Loads
Screed Weight Skew Angle of the Screed Screed Movement
[ Jups [ Jaeg [_In
Entering zero for this field will ignore screed loads. Enter zero if the screed iz not positioned on & skew. Enter zero to skip simulstion of soreed movement.
Wind Load Screed rail position relative to the exterior girder Screed rail position relative to the exterior girder

(+Y edge) (-Y edge)

(Construction l:l - l:lﬂ l:lﬂ

Enter zero if the screed iz positioned exactly on the exterior Enter zero if the screed iz positioned exactly on the exterior
girder. girder.

Deck Formwork Weight Deck Pouring Sequence

Stay-in-Place v|| | kipsire | Deck Pouring Sequence |

The weight of the deck formwor. Composite atthe End v
State: Mone W

Load Rating Select NONE' to skip creafing standsrd live losd cazes for load rating;
othenwize, zelect the name of the state for which the defsult dezign, legal and pemit live load cazez wil be created.
Select AASHTO to create standard genersl live load cases as defined in AASHTO code.

Bridge Loading Table

We will start by entering the information for influence surface-based live load analysis.

Live Load

Live load parameters set options for the influence coefficients to be generated for the vehicular vertical, centrifugal,
and braking forces.

Longitudinal Increment
Sets the influence coefficient grid spacing in the longitudinal direction.

Transverse Increment
Sets the influence coefficient grid spacing in the transverse direction.

=% Enter 10.0 ft for the vehicular longitudinal increment.

e¢ Enter 5.0 ft for the vehicular transverse increment.

Centrifugal Design Velocity
Sets the design velocity in miles per hour to be used in the computation of the centrifugal force factor per
AASHTO LRFD Eqn. 3.6.3-1.

=% Enter 35 MPH for the centrifugal design velocity.
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In this example model, we will not take into account the effect of vehicular braking forces.

er% Enter 0.0 ft for the braking longitudinal and transverse increments.

The Steel Bridge Module will use the information that we entered, and create influence load [see “Influence Loads”
in LARSA 4D Reference Manual] cases. The analysis type of the construction steps including these loads will be set
as Linear Moving Load/Influence automatically.

Live Load

Vehicular Longitudinal
Increment

Centrifugal Design Velocity

Braking Longitudinal Increment

10 |n

Enter zero to ignore ceninifugsl effect.

o Jn

Enter zero to ignore braking effect.

Vehicular Transverse Increment

Braking Transverse Increment

o In

Entering zero will szzume zame 52
longitudinal spacing.

s |n

Entering zero will szsume zame 52
longitudinal spacing.

[ ] use legacy live load generation with independent vertical and centrifugal loads.

Step B - Live Load

By default, a single influence load [see “Influence Loads” in LARSA 4D Reference Manual] case and vehicular loading
case is created for the combined live load vertical and centrifugal force effects. On the other hand, selecting the legacy
live load generation option models vertical and centrifugal force effects independently in multiple cases.

Sidewalk

The module asks the sidewalk width information for two purposes:

1. To create loading for the non-structural thickness of the sidewalk

2. To determine the width and location of the roadway, which is located between the sidewalks
Sidewalk Width+Barrier at +Y/-Y edge

Sidewalk width can be specified at each side of the bridge. Enter zero if there is no sidewalk on a side. The sign
follows the right-hand rule: -Y is on the side of girder 1, and +Y is on the side of the last girder.

Sidewalk |
width (+Y)

Roadway
width

Sidewalk |
width (-Y)

Sidewalk Width
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e¢ Enter 1.5 ft. for the Sidewalk width+Barrier on each side.

Non-structural Sidewalk Thickness

The sidewalk thickness is entered as a uniform load on plates in terms of kips/ft>. This thickness is used to
apply extra dead load on the sidewalks besides deck thickness and can be ignored by entering zero for this

loading.

=9 Enter 0.0 kips/ft>.

Sidewalk

Sidewalk width+Barrier at +Y edge = Sidewalk width+Barrier at -Y edge | Non-structural sidewalk thickness

apsF
ft i Thiz iz the exirs thicknezz s=zumed on

the zidewslkz on fop of the deck
thickness.

Step B - Sidewalk

Strength

In addition to live load which is applied to the structure after deck is hardened, the Strength part is used to define dead
loads and wind loads to be applied to the structure in the composite state.

Wind Load

The Steel Bridge Module takes the wind pressure input both for strength and constructability. For these cases,
the wind load is generated similarly to be applied on the exterior girders in the Global Y Projection, but one of
them is applied in the non-composite state and the other is applied in the composite state within the stages of
construction.

er% Enter 0.05 kips/ft? for the wind load in the strength section.

The Steel Bridge Module will use the information that we entered, and create two load cases for wind load in
positive and negative directions. The construction attribute of the construction steps including wind loads will be set
automatically to remove these loads prior-to next step (temporary load application).
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W4 Graphics View 1

I Grid | [] Render Out of Scale [Value Labsls  # Decimals LegendMin | Auo| Legend Max | Auto B

Wind Load - Positive

Wi Graphics View 1

I Grid | []Render Out of Scale FAValuz Labels #Decimals Legend Min Auto Legend Mak At 2

Wind Load - Negative
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The input wind pressure is applied on the web plates as uniform plate loads (kips/ftz), and the loads on the flanges are
generated as uniform member loads by multiplying the wind load input by the flange depth (kips or kips-ft).

For example, we have 3 inches bottom flange thickness and 2.5 inches top flange thickness around Pier 2 location of
our model. Therefore, the uniform member loads are computed as:

3in=0.25ft

2.5in =0.125ft

0.05 kips/ft2 *0.25 ft= 0.0125 kips/ft on the bottom flange.

0.05 kips/ft2 *0.2083 ft= 0.0104 kips/ft on the top flange.

W4 Graphics View 1

o104

\ 0104
\ T.0104
T.0104
70104
70104

1.0104

0104

I Giid Render Dut of Scale Value Labels #Decimals Legend Min o] Legend Max futo 7

Wind Load Pos Closer Look
The Steel Bridge Module does not generate wind loading by taking into account various wind attack angles.

In the Appendix section of this manual, a detailed wind load application is illustrated that can be included in the model
through LARSA 4D's main interface.

Railings
This input is used to define the load for the barrier, parapet, or bridge rails. The magnitude of the load should be

entered per linear length. The load is computed along the plate length and distributed to the edge joints of the
deck as a point load.

The length along which the load is calculated is measured relative to the bridge centerline.
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_.‘_r‘ Graphics View 1

1

| Grid | Fender Out of Scale Walue Labels # Decimnals: Legend kin Auta| Legend Max futo 7

Railings
=% Enter 0.495 kips/ft for the railings for both +Y and -Y directions.

Future Wearing Surfaces
This input is used to define future wearing surface loading on the roadway surface.

The magnitude of the load should be entered as a load per unit area.
=% Enter 0.03 kips/ft® for future wearing surfaces.

The generated load will be less on the edge plates of the deck since the roadway width is less than the deck width. The
loads on these edge plates are factored with respect to the distance d shown in below screenshots, and then applied on
the deck plates existing at the edge of the roadway surface.
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1 Graphics View 1 =N BN <=

I Grid | Frender Out of Scale [ Walue Labels # Decimals: Legend Min Auto| Legend b 2

Future Wearing Surface Load 3D View
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1 Graphics View 1 E=5E=R ==

I Grid | Frender Out of Scale Value Labels # Decimals: Legend Min Auto| Legend hlz

Future Wearing Surface Load TOP View

Pedestrians
Pedestrian load is applied to sidewalk surfaces and should be entered as load per unit area. The application
is similar to future wearing surface application but this time the load is applied on the plates outside of the
roadway. It is combined and enveloped with the vehicular live load cases at the code check step.

Monolithic Wearing Surfaces
Additional permanent load can be applied to the roadway surfaces due to monolithic wearing surfaces. The
magnitude of the load should be entered as a load per unit area.

There is no pedestrian or monolithic wearing surface loading in this model.

=% Enter 0.0 for pedestrians and monolithic wearing surfaces.
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Wind Load Railings (+Y) Railings (-Y) Pedestrians
005 |ipsie 0.495 | kipsi 0.495 | kipsitt (00 |kipsae
Strength Monolithic Wearing

Future Wearing Surfaces Utility Loads [BETA]

Surfaces

o0 o[58 Juom

Step B - Strength

Construction Loads

Based on LARSA 4D’s staged analysis, define the information used for staged construction activities such as deck
pouring sequence, screed movement, deck formwork weight, or to designate the incorporation of a staged analysis
between stations.

Screed Weight
The weight of the screed to be applied to the edges of the deck. If this field is nonzero then screed movement
will be simulated in staged construction. If the deck pouring sequence is not provided, then the screed will be
simulated as moving from one end of the bridge to the other end with the screed movement increment provided.
If a deck pouring sequence is provided then the screed movement is simulated conforming to the sequence.

Skew Angle of the Screed
A skew angle in degrees should be provided if the screed is positioned at an angle (using the same direction
rule as the pier skew or cross frame skew data).

Screed Movement
This field specifies the intervals of the screed movement and must be a positive nonzero value.

Screed Rail Position Relative to the Exterior Girder
This field determines the locations of the screed rails on either side of the bridge. It is the distance from the
exterior girders to the rail. This field is always given as a positive value. The rails are always before the first
girder and beyond the last girder of the bridge.

Wind Load
The wind load is generated similar to the wind load explained in the Strength section, but applied to the girders
in the non-composite state.

The screed weight, screed movement and the construction wind load are not included in our example model.

m% Enter 0.0 for these fields.

Deck Formwork Weight
Specify the deck formwork type and enter the deck formwork weight. The type is Stay-In-Place if the
formwork is never removed. The type is Strippable/Removable if the formwork is removed after each segment
of the deck gains stiffness.

=% [n the Deck Formwork Weight field, select Stay-in-Place from the drop-down list.

e Enter 0.015 kips/ft? for the weight of the deck formwork.

Deck Pouring Sequence
This input is used to define the deck pouring sequence. The surfaces that are poured and their order can be
specified on the spreadsheet provided. Each pouring region is defined by giving a start and end station. The
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weight of the deck will be automatically calculated. If no deck pouring sequence is given, the entire deck is
poured at once.

The deck pouring sequence of this model is given in the figure below.

Deck Pour 2
Deck Pour 4 H 108'-0"

Deck Pour 5

Deck Pouring Sequence

=% Click the Deck Pouring Sequence and enter the information into the spreadsheet.

Start Station End Station ~
Name f)
(ft)
1 1 0.0000 111.0000
2 2 211.0000 319.0000
3 3 419.0000 530.0000
4 4 111.0000 211.0000
5 ] 319.0000 419.0000 w
€ >

Deck Pouring Sequence Information

Deck Pouring Sequence Type
There are two options provided to model the deck pouring sequence. The “Composite at the End” indicates that
deck plate elements gain stiffness after the whole deck is poured in stages of construction. The “Composite As
Built” indicates that the deck plate elements of segments gain stiffness after each pour.

Screed Weight Skew Angle of the Screed Screed Movement
kips deg f
Entering zero for thiz field will ignore Enter zero if the zcreed iz nof positioned Enter zero fo ship simulation of screed
zerecd losds. on a shew. movement.
Screed rail position relative to the | Screed rail position relative to the
Wind Load exterior girder exterior girder
{+Y edge) {-Y edge)
Construction
| 00_]n 00_]n
kKips/it* Enter zero if the screed iz positioned Enter zero if the zcreed iz positioned
exactly on the exteror girder. exactly on the exteror girder.
Deck Formwork Weight Deck Pouring Sequence
| Stay-in-Place v|lo.015 | | Deck Pouring Sequence |
kipsift : -
The weight of the deck formwork. | Compasite at the End |

Step B - Construction
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Load Rating

The Load Rating section creates standard live load result cases for the load rating. From the dropdown menu the name
of the state for which the default live load cases will be created can be selected.

=% [eave the state as 'NONE'.

State:|Mone v

Load Rating Select WONE' fo zkip cresting standsrd live losd cazes for losd rafing;
othenwvize, zelect the name of the state for which the defsult dezign, legal and pemit live losd cazez wil be created.
Select AASHTO to create standsrd genersl live load cazes a2 defined in AASHTO code.

Load Rating

This is all the information module needs to create code based loading and staged construction data for the bridge.

=% Click Next to see the confirmation screen and click Next again to start the load generating process.

After the process finishes, you will see the generated loads under the Load Cases Explorer.
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Model Load Group Stage  Resulis
= |

Load Cases

47 4dd Load Caze g 4dd Combo 34 R

|7 Load Cases

- l Influence Coefficients - Wehicular
2 |nfluence Loads [2)

- l Influence Coefficients - Fatigue
2 |nfluence Loads [2)

- & Self weight
Self weight: -1. 2

- l Deck Formwaork,
A Joint Loads [436)

- l Deck Weight{ 0.000 to 111.0)
A Joint Loads [92)

- l Deck Weight] 211.0 to 3149.0)
A Joint Loads [92)

- l Deck Weight| 419.0 to 530.0)
A Joint Loads [92)

- l Deck Wweight{ 111.0to 211.0)
A Joint Loads (28]

- l Deck Weight] 319.0 to 419.0)
A Joint Loads (28]

- l Railings
A Joint Loads [218)

- l Future \Wearing Surface
T Shell Loads [254)

- & wind Load Pos
L1 tember Loads [216)
T Shell Loads [109)

= & ‘wind Load Neg
L1 tember Loads [216)
T Shell Loads [102)

[~ Load Combinations

Load Cases Explorer
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Staged Construction Analysis

After the model and load generation is finished, the Staged Construction Analysis needs to be conducted before
proceeding to the code check and load rating.

The Staged Construction Analysis will perform a series of static analyses after each structural change to the model,
following the erection sequence of the bridge. In Staged Construction Analysis we define the erection sequence using
structure groups, load cases, construction stages, construction steps, and construction activities.

Structure Groups

Before going into details of construction stages, we will review the structure groups that are automatically generated
by the module.

=% Change the explorer to the Structure Groups by clicking the Group button above the open explorer.

Model Load Group Stage  Resulis
B |

Structure Groups

£ Add Folder §85 Add Group Bl Auto

I, _DeckEdgeModesl s
I, _DeckEdgeModes?

I, Girder 1

[ Bridge Module Groups

i, _Girder 1

i, _Bearngs@0.00

i%, _Bearngs@160.00

Is, _Bearngs@370.00

Is, _Bearngs@530.00

I, Girder 2

i, _Crozs-frame G1-G2@0.00
I, _Crozs-frame G1-G2@20.00

B Croccdfrara G105 2040 00

Structure Groups Explorer

You will see structure groups defining particular parts of the structure such as deck, cross frames, girders, and
composite groups including non-composite girder and tributary deck. You do not have to use the auto-generated groups
when setting up the construction stages.You can add/remove your custom groups and use them within the stages of
construction.

However, note that the Steel Bridge Module model detection algorithm interacts with the Structure Groups while
performing the code check and rating. For this reason, we always recommend keeping the structure groups that are
automatically generated by the module, in the model.
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If you create additional elements corresponding to these groups, for example, if you add extra plate elements to the deck,
you will also need to include these elements in deck structure groups of the Steel Bridge Module before performing
the code check and rating.

Construction Stages and Steps

The Steel Bridge Module automatically sets up the Construction Stages by assuming a typical bridge construction
sequence. The load cases and auto-generated construction stages can be modified as required. After the analysis, code
check and rating are performed based on the results mapped by the user, meaning that the modifications in the load
cases or construction stages do not cause any problem for Steps C and D of the Steel Bridge Module.

=% Change the explorer to the Construction Stages Explorer by clicking the Stage button above the explorer.
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Construction Stages

£ AddStage [T addStep < 4]
Wiew struc|Load| Activ |ENDO

[ DC1. day 1
—-1"1 Girders and Cross-Frames
I, +Girder & Top Flange
I, +Girder &'web
I, +Girder & Battarn Flange
I, +Girder & Rigid
I, +Girder B Top Flange
I, +Girder B wWeb
I, +Girder B Battarn Flange
I, +Girder B Rigid
I, +Girder C Top Flange
I, +Girder C'web
I, +Girder C Battarn Flange
I, +Girder C Rigid
I, +Girder O Top Flange
I, +Girder O Wehb
I, +Girder D Battarn Flange
I, +Girder D Rigid
i, + Bearings=0.00
I, + BearingsE160.00
i, + Bearings®370.00
i, + Bearings®530.00
I, +4l Crogs Frames
§ Selwieight ji=1.00)
=11 Deck Fomwork
§ Deck Formwork [=1.00)
=11 Deck weight (0.00 ta 111.00)
§ Deck weight{ 0.000to 111.0) (f=1.00]
=11 Deck 'weight [211.00 ta 319.00)
§ Deck weight! 211.0t0 319.0) (f=1.00]
=11 Deck 'weight [419.00 ta 530.00)
§ Deck weight! 419.0 o 530.0) (f=1.00]
=11 Deck 'weight (111.00 ta 211.00)
& Deck weight{ 111.0t0 211.0) (f=1.00]
=11 Deck 'weight [319.00 ta 419.00)
§ Deck weight! 319.0to 419.0) (f=1.00]
["7 Deck Hardens, day 2
—1"1 Deck Hardens [0.00 ko 117,00
I +Deck Hardens [0.00 k2 117.00)
Hinged Cast [Mew]
—1"1 Deck Hardens [£17.00 to319.00]
I +Deck Hardens [217.00 to:319.00]
Hinged Cast [Mew]

— -

Construction Stages Explorer
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Construction stages are formed with the structure groups and load cases, within the stages there are structure groups

to be erected and load cases to be applied on the stucture. Construction Stages can be easily modified by opening

the Construction Stages explorer and Structure Groups or Load Cases explorer side by side and dragging the load

case/structure group to corresponding steps. Or by opening the Construction Stages Spreadsheet from Input Data —
Construction Stages .

There are also various options within the Construction Stages that allow the user to change/assign some features such
as Support&Hoist Activities, Slave/Master Activities, Tendon Activities, Displacement Initializations and Composite
Activities by right clicking on a step.

Construction Stages
£ AddStage ITAddStep 3¢ 3 View Ful
View Struc|Load|Actv[ENDD  MO%!
=171 Deck weight [319.00 to 419.00] ~

l Deck wieight{ 319.0 to 419.0] (f=1.00)
("7 Deck Hardens, dap 2

- I_I Deck Hardens IMOM 117 A
i +Deck H Rename...
Hinged Cast .
=11 Deck Harde Duplicate
B +Deck H Properties...
Hinged Cast
=11 Deck Harde Create Stage Load Case
I +Deck H

Hinged Cast Support & Heist Activities

Il Deck Harde DOF Constraint Activities

B +Deck H Tendon Activities
Hinged Cast

"] Deck Harde
I +Deck H Composite Activities
Hinged Castl .

7 DC2, day 3

=171 Mon-structural
4 Raiings (f=1.00)
7 D, day 4
-1 Wiearing Surfaces
l Fukure “Wearing Surface [f=1.00]
7 LL. day 100
=171 wehicular
l- [nfluence Coefficients - Wehicular [f=1.00]
Fun Static Moving Load/nfluence Analyziz

Displacement Initializations

Staged Construction Features

Support&Hoist Activities enables the user to change or assign support conditions in between the steps of the
construction.

By the DOF Constraint Activities option the equal displacement constraints between nodes can be changed/assigned.

The Tendon Activities apply or remove the effect of pre- and post-tensioning tendons in the model. The tendon forces
do not present in the model until the tendon is stressed in a Staged Construction Analysis activity. A tendon stressing
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activity indicates that the equivalent loading representing the tendon is to be added into the model. If a Time-Dependent
Staged Construction Analysis is run and the appropriate time-dependent effects are selected, the associated tendon
force losses will be automatically included in the results. It is also possible to slacken a tendon by choosing Slacken
as the Tendon Activity type.

Displacement Initializations specify how to construct new joints and connected elements relative to the deformed
location of other joints at this step.

And by the Composite Activities option, new construction state for the section is chosen which will take effect at the
beginning of this step.

As default, the structure groups inside the stages are constructed with Weight & Stiffness but it is also possible to
construct a structure group with Weight Only or Stiffness Only options by right clicking on the structure group.

For a typical bridge, most of the time the deck gains stiffness after its weight is introduced. The module forms
construction sequence by assuming this approach. The deck weight is introduced to model by auto-generated deck
weight load cases, then the stiffness of the deck pour structure group is added into the model separately.

[~ Deck Hardens, day 2
—1"1 Deck Hardens [0.00ta 111.00]

I3+ [eck Hardens [0.00 to 111.007

Hinged Cast Weight & Stiffness

—-11 Deck Harder )
S +Deck H g Weight Only

Hirged Cast |] Stiffness Only

=11 Deck Harden
AS +Deck H Remove Group

Hinged Cast [FEw]

Weight and Stiffness Options

The use of Weight-Only option is not recommended to model deck weight loading. The weight-only option is used
for cases where the joints of weight-only elements are directly connected to the girder that takes the load. Since the
deck plates are meshed between girders, there will be floating deck points which don't have any connection to girder to
distribute the weight. The Steel Bridge Module generates the deck weight loading to be directly applied on the girders,
which eliminates this problem.
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W Graphics View 1

[ESHEER ==

I Grid Render Out of Seale

27 falueLabels

# Decimals:

Legend Min Auta]| Legend Max Aute

Mode! Load Gro
=} a
Mode! Load Gro
I st Sire I
£ AddStage I'Add Step < 3} view Ful
View 3truc|Load | Activ [ENDO =)
[ DC1. dap1 ~

=TT Ginders and Cross Frames
-1, +Gider 4 Top Flange
1, +Gider & Web
11, +Girder 4 Bottom Flange
1, +Girder 4 Rigid
11, +Gider B Top Flange
-1, +Girder B Web
11, +Girder B Bottom Flange
11, +Girder B Rigid
11, +Gider C Top Flange
-1, +Gider Ciweb
11, +Girder C Bottom Flange
11, +Girder C Rigid
11, +Girder D Top Flange:
11, +Girder D'Web
11, +Girder D Bottom Flange.
11, +Girder D' Fligid
1, +_Beatings@0.00
11, +_Bearings@160.00
-\, +_Beaiings@370.00
I, +_Beaiings@530.00
B, +BllCioss Frames
= § serweantir-1.00)
=TT Deck Famnork
4 Deck Farmmwork (1=1.00)
=11 Deck weight (0.00 2 111.00)
"} Deck Weigh 0,000t 111.01(1=1.00)
=171 Deck Weight 211,00 to 319.00)
& Deck Weigh 21,0t 319.0)(1=1.00)
=T Deckwewght 1419, uu 10 530.00)
L -

}ﬁ DEEKWE\QM (L uu 10211.00)
"} Deck Weighil 111.0t 211.0)(1=1.00)
=171 D eck Weight [315.00 1o 41.00)
Deck Weighil 319.0ta £13.0)(1=1.00)
"7 Dok Harders. day 2
=11 Deck Hardens (0.00t 111.00)
1 +Deck Hardens (0.00to 111.00)
Hinged Cast [Hew]
=T Deck Hardens (211,00 0 318.00)
155 +Deck Hardens (211,00 1o 313.00)
Hinged Cast [Hew] ©

Loading Factor

1 v

Deck Weight Applied as Joint Load

Running the Analysis

=% From the Analysis menu on the menu toolbar, choose |Staged Construction Analysis .

Here you may set nonlinear convergence criteria and other options. If you change the number of construction stages
in the future, you will need to check the settings in the Construction Stages tab.

=% [n the Staged Construction Options select the range of stages that will be analyzed and confirm Day 1 to Day

101: Wind Load.
% Click Analyze.

=% You will be prompted to save the project, and do so.

The analysis will then begin.
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a_: Progress

i#) Details

. 1)

Il LARSA 4D Analysis Engine [StepB.lar] - O d
4 Abort Exit 2f Batch Run...
Version: 8.02.04 Build Date: Sep 26 2022

@ solving for static case deformations 1...

LARSA 4D Bridge Flus — Analy=is Engine

Copyright @ LARSA, Inc. 1994-2021. All rights reserwved.
Version 9.02.04. Build Date: Sep 26 2022

Project filename:

INFO:> Creep effect of tensile axial force is ignored.

Frevious analysis resultz have been cleared.

Staged Construction Analysis will be performed with HO GEOMETRIC HONLINEARITY.
Lane "Roadway' length i= 529,995,

DC1l: Girders and Cros Analv=si=s Step: 1 Load Step: 1
Transverze increment on Foadway adjusted to 6. 25FT to divide lane width evenly.
Load Ca=e "Influence Cosfficient=s — Wehicular": Generated 371 result cases.
Transversze increment on Foadway adjusted to 6. 25FT to divide lane width evenly.
Load Case "Influence Coefficients — Fatigue": Generated 371 result cases.
REesult cases generated for all moving loads: 742

Load Vector Setup Completed.
Solwer: Intel PARDISO Parallel Direct Sparsze Solwer

Iteration Displacenent Error At Joint Hax Tnbalanced Force At Joint
0.o0000 0 TX 0.0000E+00 0 FX
3 0.o000 0 TX 0.0000E+00 0 FX

Displacenent & unbalanced force convergence criteria satisfied.

Staged Construction Analysis

Close the analysis window after the analysis completes.

Analysis Results

Note that the Analysis Results Explorer has been opened in the explorer panel. Inside the Construction Stages results
group there will be a group for each construction stage, and inside that the results for each construction step.

i ()

Expand the Construction Stages group in the Analysis Results Explorer to see the stages analyzed. Expand the
stages to see the steps.
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Analysis Results

Select rezult cazes ho view from the lizt below.

# Load Cases
Load Combinations
= Congtruction Stages
= DC1
DC1: Girderg and Croz
DC1: Deck Forrwaork,
DC: Deck weight [0.0
DC1: Deck wWeight (211
DC1: Deck wWeight (413
DC1: Deck weight (111
DC1: Deck wWeight (319
= Deck Hardens
Deck Hardens: Deck Hardens [0,
Deck Hardens: Deck Hardens [21
Deck Hardens: Deck Hardens (41
Deck Hardens: Deck Hardensz [11
Deck Hardens: Deck Hardens [31
= DC2
DCZ: Mon-gtructural
= D'
D Wiearing Surfaces
LL
= "Wind Load
YWind Load: Pos.
“Wind Load: Neqg.
# Maoving Load Caszes
Time Higtary Cazes
Puzhover Cazes
Combia with Moving Load Cazes
Stage Analyziz Scenarniolz]
RSA Madal
# Maode Shapes
= AASHTO LRFD
LL Yehicular
LL Fatigue
LL

Results Explorer
=% Be sure to Select All before viewing results.

=% Turn on graphical deformation diagrams. Then click on the first construction step result case and go through
the construction steps by clicking on them or pressing the down arrow on the keyboard to observe the analysis
sequence.

=% You can use the Hide Unselected tool to show only the parts of the structure that have been constructed.

=% Turn off deformed model when you are done.
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You can check the results numerically as well.

You may also change the units that results are reported by from Results' — Units|.

AASHTO LRFD Live Load Results

After the analysis is completed, the live load result cases shown below are automatically created per AASHTO LRFD
[see “Guide to AASHTO LRFD Section 3.6: Live Loads” in LARSA 4D User s Manual)].

Live Load Result Cases

LL Vehicular
LL Fatigue

LL

These result cases can be modified afterward by right-clicking and choosing Properties.

=% Expand the AASHTO LRFD group in the Analysis Results Explorer to see the Live Load result cases.

Analysis Results

Select rezult cazes to view from the lizk below,

# Load Cazes
Load Combinations
# Construction Stages
# Moving Load Cazes
Time Hiztory Cazes
Puzhiover Cazes
Combo with Moving Load Cazes
Stage Analysiz Scenarniolz]
RS54 kodal
# Mode Shapes
sk SHTO LRFD
LL Wehicular
LL Fatigue
LL

Analysis Results

It is also possible creating custom Extreme Effect Groups or Linear Result Combinations. Extreme effect groups
represent the worst-case scenario from a set of result cases and Linear Result Combinations combine result cases after
an analysis has completed.

The vehicle database “AASHTO Vehicle Patterns.dml” is automatically connected to the project. It can be seen and
edited from Input Data — Edit Databases as shown in the screenshot below. It is not recommended to edit the original
vehicle database file, it will be more convenient to edit a copy of it to preserve the original. User may also connect
their own vehicle database from Input Data — Connect Databases .
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4 Database Editor

e Mew Database e Save Database L h
o Open Database e Save Database As CLU U feat (1] 35

]
il

# Close Database LGIGEN Kins (kips)

'dldl)g JIL

+ j Y fasmemove Spreadsheet | Graphics ]

=2 AASHTO Vehicle Pattems.drl 2 Magnitude Magnitude Location Location Transwerse Transverse
H Type at Start atEnd Start End Offzet “width
HL-33 Design Tandem (kips or kips-ft] | [kips or kips-ft) (U] [ft] (ft) [f)
HL-33/H520-44 20 Design Truck. 1_|Point Force 5.0000 0.0000 0.0000 0.0000 0.0000 0.0000
HL33 Desian Tandem 20 2 |Pont Force 320000 320000 14.0000  14.0000 0.0000 0.0000
HL-33 Fatigue 2D Truck —
SASHTO Point 18k for mement) 3_|Point Force 32.0000 320000  28.0000  44.0000 0.0000 0.0000
ABSHTO Point 2Ekip [for shear] 4

AASHTO Paint 13.5kip (far moment]
AASHTO Paint 19.5kip (far shear)
Legal Type 3WA

Legal Type 352 VA

Permit BP-90 V&

Permit BP-115 4

Legal SU4 Truck

Legal SUS Truck

Legal SUB Truck

Legal Type 3(20)

Legal Type 352(20)

Legal Type 3-3(20)

Diesign HS-20-44(2D)

Design HS-25(20)

Legal 2F1

Legal 31

Leqal 4F1

Legal 5C1

Legal Type 3-CO

Legal Type 352-C0

Legal Type 3200

Legal Type 3-CO Inter

Leqal Type 3-6-2 CO Inker N

Database Editor

In the influenced based analysis, the unit loads are marched on the plates in the defined path (Lanes/Surfaces). After
the analysis is completed, user may choose the vehicle type, direction, spacing, UDL factor...etc. from the result case
properties. Generated moving load in vertical (-Z) and centrifugal directions can be seen from Moving Load Cases part.

WY Graphics View 1 o E ] | | Analysis Results |

Select result cases to view from the list below.

= Moving Load Cazes A
Influence Surface - Influence Coefficients -
Wehicular
Influence Surface - Influence Coefficients -
Fatigue

Offset; -18.75 Station: 0.
Offzet: -18.75 Station: 10.00
Offzet: -18.75 Station: 20.00
Offset: -18.75 Station: 30.00
Offget; -18.75 Station: 40,00
Offzet: -18.75 Station: 50.00
Offzet: -18.75 Station: 60.00
Offset: -18.75 Station: 70.00
Offget: -18.75 Station: 80,00
Offzet: -18.75 Station: 90.00
Offzet: -18.75 Station: 100.00
Offset: -18.75 Station: 110.00
Offget; -18.75 Station: 120,00
Offzet: -18.75 Station: 130.00
Offzet: -18.75 Station: 140.00
Offset: -18.75 Station: 150.00
Offget: -18.75 Station: 160.00
Offzet: -18.75 Station: 170.00

‘ Grid | ] Render Out of Scale [ 4 alue Labels # Decimals: Legend Min Autn Lec) 2 |lar Offset: -18.75 Station: 180.00
Offset: -18.75 Station: 190.00

Influence Loads
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In the AASHTO LRFD code, a lane is loaded with combinations of a Design Tandem or a Design Truck, and a Design
Lane Load. LARSA 4D’s standard load pattern database consists of the following load patterns suitable for this code:

* HL-93 Design Truck in conformance with AASHTO LRFD 3.6.1.2.2. This truck has three axles of 8, 32, and
32 kips spaced (a minimum of) 14 ft apart. The spacing between the two 32 kip axles may vary between 14 ft
and 30 ft to produce extreme force effects.

* HL-93 Design Tandem in conformance with AASHTO LRFD 3.6.1.2.3. The design tandem consists of a pair
of 25 kip axles spaced 4 ft apart.

The properties of the result cases can be modified by right clicking on the result case and selecting Properties.

LL Vehicular Result case is created according to AASHTO LRFD specifications mentioned above, and its properties
are shown in the figure below.

!‘ Influence Analysis x

Result Caze Mame:
[LL Vahicular |

General Options ]Eehicular Loading] Uniform/Patch Loading]

Influence Coefficients:
Influetice Suface - LL: Wehicular  Influence Coefficien ~

Design Lane Width: Overall Factor: Multiple Presence Factors:

i Ede 121,085 065

Transverse Offset: Overturning Effect Factors: [+side)
0 ft Edit [hane]

Load for Extreme Force Effects Longitudinal Factars:

[] Complete Patterns Orly Edi [nane)

[] Coefficients are Signless

[] Simplified 5 olution Algarithm

Help Cancel
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Influence Analysis *

Fesult Caze Mame:
[LL Wehicular |

General Dplionsl Yehicular Loading ]Qniforma’F’atch Loading]

Add Lane Type Add Vehicle =

Yehicle Load Pattern

Lare Type . .
- 44 20 Design Truck [Factar: 1.333 il B dint iz Spseig f

HL-93/H520-44 20 Design Truck ~

Lane Type Design Lane Vehicle Margin: ft

HL-93 Design Tandem 2D [Factar: 1.33 Fact
Lane Tope Sélﬁn'_.a::;reana [Factor ) actor | 1.33 Ore Load Pattemn Per Span
HL-33/H520-44 20 Design Truck (Factor: 1.157) Wehicle Direction: Any ~

HL-33/H520-44 20 Design Truck [Factor 1.157]

Lane Options Late Transverse Cotstraints:

M ax Lanes UDL Factaor

[ 1]
N Lirit " 1. Ma [ |

Help Cancel

Influence Analysis >

Fesult Caze Mame:
[LL Wehicular |

General Dptions] Yehicular Loading. Unifarm/Patch Loading ]

Load Magnitude

Simple “ kips/ft
UDL “Width per Design Lane: ft

[] Exclude Under Yehicles

Help Cancel

LL Vehicular (Vertical) Result Case Properties

LL Fatigue is fatigue live load result case created according to AASHTO LRFD article 3.6.1.4. In this result case, the
maximum lane option is selected as 1. The multiple presence factor and lane load are not applied.
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Influence Analysis

Fesult Caze Mame:
|LL Fatigue |

General Dptions. Yehicular Loading ]gniforma’Patch Loading]

Add Lane Type Add Vehicla *

Larne Type, Max: 1, UDL Factor: 0. Vehicle Laad Fattern

HL-93 Fatigue 20 Truck [Factor: 1.15H

Factor | 115

Yehicle Direction:

Lane Options

Max Lanes

HL-33 Fatigue 20 Truck

Ary

UDL Factaor

1 ~ 0.

Min. Back-to-Front Spacing: ft
Design Lane Vehicle Margin: ft

Ore Load Pattern Per Span

Lane Transverse Constraints:

Help Cancel

LL Fatigue Result Case Properties
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Code Check for AASHTO LRFD

After the analysis is completed successfully, we may proceed with the code check.

=% Open the LARSA 4D Steel Bridge Module from Design — | Steel Bridge Design . Check ' Step C-Code check
per AASHTO LRFD box and click Next to begin the code check.

Steel Bridge Module... - O *
Steel Bridge Module 5
Fleaze follow the instructions on the wizard page below and fill-in appropriate figlds. Use 'Mest’ and Previous’ buttons to navigate through the steps. P :“
|
Import Export Report Issues
<4 Previous Carcel [RE
Steel Bridge Design A~

What do you want to do?

[] Modify - Change the existing steel girder model.

Step C - Code check per AASHTO LRFD.
A [] Step D - Load Rating.

Step C - Code Check

The LARSA 4D Steel Bridge Module first scans the model to check for any changes in the structure before going into
the design part. This may take a minute or two based on the size of the structure and the refinement of the influence
surface for live load.

Code Check on an Existing Model

While the model generation component of the Steel Bridge Module can be used to rapidly create a LARSA 4D model,
the module can also code check a model created independently or created by the module but modified by the user
before the code check process. In that case, have the model open in LARSA 4D before starting the module and do not
check Step A. By not checking Step A, the module will scan the existing model.

Recognizing Geometry

In a code check of an existing model, the module must recognize what elements in the model are girders, which are
cross-frames, which members make up each girder, etc. Such information is not explicit in a general finite-element
model and must be determined by the module automatically. Existing models to be used with the code check must
therefore look like the types of bridge models that the module can generate otherwise the module may fail to recognize
the organization of the model.
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The module will ask several questions about the model to be recognized so that the module knows what kind of bridge
to look for in the model.

Groups, Loading, and Stages

The module can create structure groups, load cases, and construction stages for a model with existing geometry but for
which these entries have not been created yet. This is necessary for running an analysis of the right code combinations,
but they may be useful in your own investigations even if you are not running code check through the module.

The structure groups created represent the different components of the structure: cross-frames, girders, and the deck.
The construction stages define a common order of assembly of the bridge. The user is free to modify these entries
after they are created.

Design Code

It is possible to select between the AASHTO LRFD 7™, 8", and 9™ Editions in the Steel Bridge Module from the
dropdown menu right above the Code Check Locations .

AASHTO LRFD Bridge Design Specifications, 7th Edition
AASHTO LRFD Bridge Design Specifications, 8th Edition

Design Code:

Design Code
7" Edition: Selected design code by default.
8™ Edition: Updates the fatigue load combination factors.
9™ Edition: Updates the Longitudinal Stiffeners tab under the Code Check Locations with additional inputs described
in the Web Longitudinal Stiffener section below. In addition, provides several code check routine changes, detailed
descriptions of which can be found in the Appendix (page 105) section of this manual.

Code Check Locations

Code check locations on the structure, additional cross-sectional data for design, and special design parameters are
specified by the user by filling the information under the tabs of |Code Check Locations|.
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Steel Bridge Medule...

Steel Bridge Module

rd pag d fill-in appropniate fi U I igate thraugh th

Status Log...

Steel Bridge Design

Design Code: | AASHTO LRFD Bridge Design Specifications, 7th Edition W

Specify the locations on which the code check procedure will be performed.
| Code Check Locations |ﬁ

Load Class Result Case
Dead Load (DC1) [ b V|
Superimposed Dead Load (DC2) | pDcz2 v|
Dead Load on Wearing Surfaces (DW) | oW v|
Live Load (LL) [ V|
Permit Live Load (LL Permit) | MNOMNE v|
Semvice Live Load (LL Service) | MNOMNE v|
Wind Load on Structure (WS) | Wws v|
Wind Pressure on YVehicle (WL) |NDNE v|
Temperature (TU) [NoNE V|
Construction Dead Load (cDL1) | DLc1 v|
Construction Dead Load (cDL2) | MNOMNE v|
Construction Live Load (cLL) [NONE V|
Construction Wind Load (cWS) | MNOME v|
Fatigue Live Load (LLFtg) | LL Fatigue v|
Deflection Live Load (LLDef) | MNOMNE V|(2_5_2_a_2)
Custom Load Class 4 (Cust! || Composite (Short Term) ||| NONE v
Custom Load Class 2 (Cust2 || Composite (Short Term) ||| NONE v
Custom Load Class 2 dCustB H Composite (Short Term) v| | MNOME v|

Load Factors

Construction Girder Details:

The top flange ofthe girders are braced.
The bottom flange of the girders are | discretely | braced.

Code Check Information Window

er% On the top left of the module window, click Code Check Locations .
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Locations

The first tab opened, Locations, takes the stations for code check within each girder, as well as additional design
parameters.

Girder Number

To define a location, firstly the girder number needs to be specified. Then, the station input is entered relative to the
Bridge Alignment and Support Conditions (page 11).

m% Enter 4 on the girder number cell.

=% The first code check location is at 1 ft. Enter 1 ft for the station input.

Design Moment

The input can be negative, positive or auto. If negative is selected, the tool selects the most critical negative moment
for the code check and vice versa for the positive option. When left as 'Auto’, the tool takes the most critical moment
at that location whether it is negative or positive.

=% Leave the Design Moment as 'Auto'.

Radius of Curvature

This input asks for bridge curvature.

e¢ Enter 700 ft for our model.

Span Length

It is the length of the span in which the specified code check station is located. For the first code check station the
span length is 160 ft.

=% Enter 160 ft for the span length.

Cross Frame Spacing

It is the longitudinal spacing between the cross-frames that directly controls the unbraced length parameter, Lb, in
design checks. This input can be helpful for an iterative design process without need to modify the model. On the other
hand, in cases where the lateral torsional buckling controls, the Steel Bridge Module still detects the unbraced length
from the model and takes the most adverse effects out of 5 stations within that length.

m% Enter 20 ft for our model.

Moment Gradient Modifier (Cb)

The conservative value for the C, parameter is 1 for all cases per article 6.10.8.2.3. Therefore by default, this parameter
issetto 1.

m% [eave Cy as 1 for our example.

Entering 0 for this input cell will change its value to Auto and the Cb parameter will be calculated during the design
checks per article 6.10.8.2.3.
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An/Ag

An is the net cross-sectional area and Ag is the gross cross-sectional area of the design section. An is equal to Ag in
our model since there are no reduction in the area due to bolts etc.

=% An/Ag ratio is 1 for this model, leave as is.

Eff. Slab Width Reduction ratio

This input is used to reduce the tributary deck width taken from the model by the Steel Bridge Module, without need
to modify the model.

=% We will not apply any reduction to the effective deck slab width. Leave it as 1 for our example.

Haunch Thickness

Leaving this input as Auto will make code check routines use the pre-defined haunch thickness. The user can override
this input to consider a different haunch thickness without need to modify the model.

=% [eave Haunch Thickness as 'Auto'.

Composite State

By default, the Steel Bridge Module uses the non-composite girder section in the Constructability and the girder-deck
composite section in the Strength Limit State. On the other hand, the user can change the Composite State option
from Auto to Noncomposite and force the SBM to use noncomposite section properties in all limit states. However,
it should be noted that the option is just for overriding the section property parameters, it does not change the code
check routines to be executed.

=% Leave Composite State as 'Auto’.

Override rt

This input can be used to override the rt parameter for radius of gyration, and the code check is performed with the
specified rt. If the user leaves it as Auto, the parameter rt will be calculated per article 6.10.8.2.3 in the code check
procedures.

=% [eave rt as is.

Use Appendix A

The Appendix A6 of AASHTO LRFD Bridge Design Specifications accounts for the ability of stockier web I-sections
in straight bridges with limited skews to develop flexural resistances equal to the plastic moment. Even if it is
applicable, the user may choose to skip Appendix A6 by setting the 'Use Appendix A' input to 'No'. That will make
the Steel Bridge Module directly follow article 6.10.8 and not use plastic capacity.

=% Leave Use Appendix A as is.
We will perform Code Check on Girder Number 4 in four different stations shown in the figure below.

The first location is right next to the support 1, second location is near the mid-span in a positive moment region, third
location is at support 2, and the last location is near the end of the bridge.
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Locations  Deck Reinforcing ‘ Tramsverse Stiffeners | Longitudinal Stiffeners ‘ Tub Data ‘ Fatigue | Shear Studs ‘ Deflection Check | Girder Size Override |

Radius of X-Frame Moment AnlAg Eff. Slab Haunch

Girder Station Design Span Length A - An/Ag An/Ag (Top - £ Composite Override rt Use
Number ) Moment | Cutvature (0] ‘5""";;;? (o) Sradientyy|  MWeb] Flange) [Bation | L Thickness | “state | (6.10.8.2:3) | Appendan A
1 4 1.0000 Auto 700.0000 160.0000 20.0000 1.0000 1.0000 1.0000 1.0000 1.0000 Auto Auto Auto Yes
2 4 67.2000 Auto 700.0000 160.0000 20.0000 1.0000 1.0000 1.0000 1.0000 1.0000 Auto Auto Auto Yes
3 4 160.0000 Auto| 7000000 2100000 20 0000 1.0000 1.0000 1.0000 1.0000 1.0000 Auto Auto Auta Yes
4 4 £29.0000 Auto 700.0000 160.0000 20.0000 1.0000 1.0000 1.0000 1.0000 1.0000 Auto Auto Auto Yes
Code Check Locations

m¢ Enter the rest of the code check location information as shown in the screenshot.

Deck Reinforcing
=% Switch to the the Deck Reinforcing tab.
In this model there are #6 bars at 6 inches at top layer and #4 bars at 6 inches at bottom layer.

Yield Strength : Article 6.10.1.7 specifies that the yield strength can not be less than 60 ksi. 60 ksi deck reinforcement
is used in this model, leave as is.

Art: Area of the top layer of longitudinal reinforcement per foot of concrete deck width.
=% Enter 0.880 in/ft for the Art.

Crt: Distance from the top of the concrete deck to the centerline of the top layer of longitudinal concrete deck
reinforcement

=% Enter 4 in for Crt.
Arb: Area of the bottom layer of longitudinal reinforcement per foot of concrete deck width.
=% Enter 0.40 in’/ft for the Art.

Crb: Distance from the top of the concrete deck to the centerline of the bottom layer of longitudinal concrete deck
reinforcement.

¢ Enter 7 in for Crb.

fr Factor: Constant used in the computation of modulus of rupture. The input value should be entered according to
the AASHTO LRFD, Customary U.S. Units, regardless of the input units of the project. It is 0.24 for normal-weight
concrete as specified in Article 6.10.1.7.

m® Enter 0.24 for the fr Factor.

Locations || Deck Reinforcing  Transwerse Stiffeners LnngitudinalStiffaners| Tub Data| Fatigue| Shear Studz | Deflection Check | Girder Size Override

Girder Station St‘:':rzllgdlh At Crt _Arib Crb fr Factor
Humber (i3] (kips/ir?) [in®)/[ft) (i) [in®)A[ft) [in) [6.10.1.7)
1 4 1.0000 60.0000 0.8800 4.0000 0.4000 7.0000 0.2400
2 4 67.2000 60.0000 0.8800 4.0000 04000 7.0000 0.2400
3 4 1600000 60.0000 0.8800 4.0000 04000 7.0000 0.2400
4 4 529.0000 60.0000 0.8800 4.0000 0.4000 7.0000 0.2400
5
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Tributary Deck Width

Arbﬁrb] AnCnl Structural
Deck Thickness

[

E——

A

Deck Reinforcing

er% Fill out the parameters for the remaining code check locations as shown in the screenshot above.

Transverse Stiffeners

=% Switch to the Transverse Stiffeners tab.

Transverse Stiffener

The transverse stiffeners are not modeled in the LARSA 4D Steel Bridge Module, but their properties are entered as
input to be used in the shear resistance check.

Type: Transverse stiffeners can be either placed on one side (Single) or both sides (Double) of the girder web.

Panel: Panel is the girder web, where transverse stiffener is placed. Panels that are located near the abutments and
piers are defined as "End" and the panels away from abutments and piers are defined as "Interior".

The module decides whether the web panel is stiffened or not per AASHTO LRFD, considering panel type input and
member depth.
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+ For interior web panels with longitudinal stiffeners, if the transverse spacing of stiffeners is over the 1.5
times the Member Depth, the web is considered unstiffened.

» For interior web panels without longitudinal stiffeners, if the transverse spacing of stiffeners is over the 3
times the Member Depth, the web is considered unstiffened.

» For exterior web panels with or without longitudinal stiffeners, if the transverse spacing of stiffeners is over
the 3 times the Member Depth, the web is considered unstiffened.

Interior
Panel

IZA A A

Panel Type

In this example, for station 1 ft:

=% Choose the type of the transverse stiffeners as Single.

Enter Yield Strength as 50 kips/in®

Enter 82 in for spacing.

=6
(]
=% Enter width and thickness of the transverse stiffeners as 5.5 in and 0.5 in respectively.
=% Choose Panel Type as End.

=6

Fill out the parameters for the remaining code check locations as shown in the screenshot below.

Transverse Stiffener Input

Longitudinal Stiffeners

Locations| Deck, Heinforcing| Transwerze Stiffeners LnngitudinaIStiffeners| Tub Data| Fatigue| ShealStuds| Deflection I:heck| Girder Size Overide
2 . Yield 2 . -
Gur | St | tme | suoman | Srashe | M| ke | pg
1 4 1.0000 Single 50.0000 82.0000 5.5000 0.5000 End
2 4 67.2000 Single 50.0000 82.0000 5.5000 0.5000 Interior
3 4 160.0000 Single 50.0000 82.0000 6.7500 05000 End
4 4 5290000 Single 50.0000 82.0000 55000 0.5000 End
5

=% Switch to |Longitudinal Stiffeners tab. The properties of longitudinal stiffeners should be entered in this part.

The longitudinal stiffeners are not included in the finite-element model by the Steel Bridge Module but their properties
can be considered during design checks. Inputs that need to be entered by the user under the Longitudinal Stiffeners
tab vary according to the selected design code.

AASHTO LRFD Bridge Design Specifications 7" and 8™ Editions:

» There can only be one longitudinal stiffener on a web plate.

76



LARSA 4D Manual for the Steel Bridge Module

* Its distance is asked, from the centroid of the stiffener to the top of the girder.

» Longitudinal stiffeners are not included in section properties.

When the Distance From Top of Girder input is left zero, the stiffener design checks do not run.

» The module ignores the stiffener when the Width or Thickness input is missing.

If the module reads longitudinal stiffener in this sheet, it runs relevant code check routines (not optional).

Steel Bridge Medule.., -

Longitudinal Stiffeners

Th ard requi dditional information. Ple. H et Don't forget to right o 1 the s for more op

Import  Export Status Log. ..

Back to Main Page

DR GIE RS S5 1N AR 1
Locationsl Deck Heinfnlcingl Transverse Stiffeners”LongitudinaIStiffeners Tub Datal Fatiguel ShearStudsl Deflection Check | Girder Size Override

a 2 Yield Distance . .
Girder Station Width Thickneszsz
Number ) Type 5[5{]‘3?’?2‘]" L e fin) (in)
1 1 80.0000 Towards Center | 50,000.0000 0.0000 0.0000 0.0000
2 1 88.0000 Towards Center | 50,000.0000 14.7500 10.0000 1.0000
3 1 96.0000 Away From Center, 50,000.0000 14.7500 10.0000 1.0000

Web Longitudinal Stiffener Input Spreadsheet (7th and 8th Edition)

—_—
Reference Line

i |

Dlstar}ce.F;nm ________________________ e AASHTO Tub Girder (Slab)
Top of Girder |—| _‘;Member |—

Distance From ‘'——— ——— |Reference Line B T C—

Top of Girder \ /
- Thickness
= =

I and Tub Girders with Web Longitudinal Stiffener (7th and 8th Edition)
AASHTO LRFD Bridge Design Specifications 9™ Edition: When the user selects 9™ Edition, the Longitudinal
Stiffeners tab now displays additional inputs.
* There can be at most two longitudinal stiffeners on a web plate: Upper and Lower stiffener.

» Upper and lower longitudinal stiffeners on a web plate are assumed to be typical and there is one width and
thickness input for these stiffeners.

77



LARSA 4D Manual for the Steel Bridge Module

* Their distances are asked separately, from the centroid of the stiffener to the top of the girder.

» When the Distance input is left as zero, the corresponding longitudinal stiffener is neglected in section
properties and the stiffener design checks do not run.

* The module ignores both stiffeners when the Width or Thickness input is missing.
* If the module reads longitudinal stiffener(s) in this sheet, it runs relevant code check routines (not optional).

* In the last column, the module asks whether to include stiffener(s) in the section property computations or
not. When the Include In Section Property option is selected as Yes, stiffener(s) are taken into account in
the non-composite and composite section properties.

Steel Bridge Module..,

Web Longitudinal Stiffeners

Th d requi dditional information. ill-ir ¢ et Jon't forget to right: ¢ t for more opti

Import Export Status Log. ..

RGPS s AE IR R IR >

Locations | Deck Heinfolcingl Transwerse Stiffeners ” Longitudinal Stiffeners Tub DataI Fatiguel Shear Studsl Deflection Check, | Girder Size Override |
q 5 Yield Upper Lower . 5 Include In

P?JL?I:?;: Sl[a[tll]un Type Strength Stiffener Stiffener "";::]th Th'[[:il:]'ess Section
(Ib4in?) Distance to | Distance to Property

1 1 80.0000 Towards Center 50,000.0000 0.0000 0.0000 0.0000 0.0000 WGE

2 1 88.0000 Towards Center 50,000.0000 14.7500 19.7500 10.0000 1.0000

3 1 96.0000 Away From Center 50,000.0000 14.7500 19.7500 10.0000 1.0000 RES

4 1 1040000 Away From Center 50,000.0000 147500 0.0000 10.0000 1.0000

Web Longitudinal Stiffener Input Spreadsheet (9th Edition)

T
Reference Line

Upper Stiffener !
Distance to

Girder Top

e —_— e ___AASHTO Tub Girder (Slab)

. +Member
Upper|Stiffenerl | |Reference Line |

Distange to
Girder| Top

Lower Stifferfer
Distance to
Girder Top

=\

Lower Stiffener
Distance to

—
Girder Top \

I and Tub Girders with the Maximum Number of Web Longitudinal Stiffeners the SBM Can Consider (9th Edition)

On another note, the presence of longitudinal stiffeners affect the computation of some parameters in code check
procedures per 9™ Edition.
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=% [n this example model, we do not have longitudinal stiffeners. Therefore, leave the input spreadsheet under the
Longitudinal Stiffeners tab as follows.

Locations | Deck Reinforcing | Transverze Stiffeners | Longitudinal Stiffeners Tub Data | Fatigue | Shear Studs | Deflection Check | Girder Size Ovenide |
2 . Yield Distance . .
s || we | stomn |romTov| | ke

1 4 1.0000 Mone 50.0000 0.0000 0.0000 0.0000

2 4 67.2000 Mone 50.0000 0.0000 0.0000 0.0000

3 4 160.0000 Mone 50.0000 0.0000 0.0000 0.0000

4 4 5290000 Mone 50.0000 0.0000 0.0000 0.0000

5

Longitudinal Stiffener Input

Tub Data

=% Switch to Tub Data tab.
Theta (deg) : The angle of inclination of the web plate to the vertical. When it is assigned as auto, it means that the Steel
Bridge Module calculates this angle with respect to the existing tub girder cross section. Also, it can be overwritten
with different values.
Transverse Stfiffeners within D/2 : D is the depth of web plate measured along the slope (for inclined webs). If the
transverse stiffeners spacing satisfies D/2 or less over a minimum distance of D/2 on each side of the interior pier,

select Yes.

If there exists longitudinal flange stiffeners, their properties should be entered with respect to the figure below,

Longitudinal Flange Stiffener Width

" ( bif) N
K 4
Long. Flange N
StiﬂenerThicknesi
(tif)
Long. Flange Stiff.
Web Depth
( Tstiff_wd )

Long. Flange Stiff.
Web Thickness
( Tstiff_wt )

Longitudinal Flange Stiffener

w (in) : It is the larger of the width of the flange between longitudinal flange stiffeners or the distance from a web
to the nearest longitudinal flange stiffener.

m% Since our model is an | girder bridge model, pass the tub data part without assigning any input.

79



LARSA 4D Manual for the Steel Bridge Module

Locations | Deck Hemrmcmg| Transverse aurrene.s| LDngltudma\SNFEnels‘ TuoData  Faligue Sheausmds| DEHEcImnEhEckl EudevS\zEDvEde‘

— e C=n Transverse siffeners Distance between # of Longitudinal |Longitudinal Flange| _Longitudinal Flange " Long. Flange Stiff. Web | Long. Flange Stilf. Web

frafiny i dea) within D/2 Transverse Flange Stiffeners | Flange Sliffeners | Stiffener Width [blf)| Stiffener Thickness (Uf) | (6.11.8.2.3-1) [  Depth [T<tfi_wd) Thickness [Tstff_wi)
e e BE.5.1-1 (in) C6.11.11.2-2 (in) i (i) (in) (in)
1 4 1.0000 auto No 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 4 67.2000 auto No 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 4 160.0000 auto No 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
4 4 529.0000 auto No 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
5

Tub Data

Fatigue

=% Switch to Fatigue tab.

The fatigue check location is defined over the cross-section by entering fatigue location as Distance from top of Top
Flange, Distance from center of Top Flange, Distance from bottom of Bottom Flange, and Distance from center
of Bottom Flange. The inputs "Distance from top/bottom of Top/Bottom Flange' describe a critical longitudinal
fatigue check location on the flange that is required for the determination of fatigue stress range due to major-axis
bending. The inputs "Distance from center of Top/Bottom Flange'" describe a critical transverse fatigue check
location on the flange that is required for the determination of the additional fatigue stress range due to flange lateral
bending for discretely braced flanges.

For a clear illustration of these definitions of the fatigue check location, please see the figure below.

Distance from center of

Top Flange
&) —
Y

=

Distance from top of
Top Flange

TTCTrOTIC, CITie

: Distance from bottom of
== : = Bottom Flange

'|:> Distance from center of
Bottom Flange

Fatigue Check Location

To check Fatigue Resistance for the bottom and top flanges, the Detail Category is selected separately.
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Average Daily Truck Traffic (ADTT sl), which is the number of trucks per day in a single-lane averaged over the
design life needs to be stated. The LARSA 4D Steel Bridge Module decides which load combination to use (Fatigue
I or Fatigue II) according to this input.

Stress Range Cycles/Passage (n) is entered according to AASHTO LRFD Table 6.6.1.2.5-2.

In station 67.2, it is necessary to check the bottom flange where net tensile stress is induced by the fatigue loading.
The base metal at the transverse stiffener weld and interior cross-frame connection plate weld correspond to Category
C' fatigue detail.

=% Choose Bottom Flange Detail Category as C'.

=% Enter Distance from bottom of Bottom Flange as 1.5 in.
The connection plates are assumed to be 6 in for this example.

=% Enter Distance from center of Bottom Flange as 6.28125 in.

=% Fill out the parameters for the remaining code check locations as shown in the screenshot shown below.

Locations | Deck Reinfarcing | Tranaverse Stiffeners ‘ Longitudinal Stiffeners | Tub Data ‘ Fatigue  Shear Studs | Deflection Check. | Girder Size Owerride |
yander | Station DIS[E‘F‘::[_H‘;EQS'D R | PR | e | | e | cane | FERERE | betmle
in] [in) [in) [in) Category (n)
1 4 1.0000 0.0000 0.0000 0.0000 0.0000 A A infinite 0.0000 75.0000
2 4 67.2000 0.0000 0.0000 1.5000 6.2813 A c infinite 0.0000 75.0000
N 4 160.0000 2.5000 0.0000 0.0000 0.0000 c A infinite 0.0000 75.0000
L4 4 529.0000 0.0000 0.0000 0.0000 0.0000 A A infinite 0.0000 75.0000
5

Fatigue Input

Shear Studs

=% Switch to Shear Studs tab.

LARSA 4D Steel Bridge Module automatically generates rigid members connecting the girder and deck nodes to
achieve composite behavior. However, shear stud properties can be entered here as input to be used in code check.

At this point, please note that the shear stud code check only works for steel I-girder bridges.

In this example, for station 1 ft:
mr% Enter 3 for the Number of Shear Studs.

=% Enter 0.875 in for Stud Diameter.

Stud Height is the distance from the top of the girder to the top of the stud.

=% Enter 6 in for Stud Height.

Pitch is the center to center distance between shear stud rows on a girder.

e¢ Enter 13 in for Pitch.

Transverse Spacing is the center to center transverse distance between shear studs in a row.

=% Enter 3.5 in for Transverse Spacing.

Concrete Cover is the distance from the top of the stud to the top of the deck.
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=¢ Enter 2 in for Concrete Cover.

Locations | Deck Reinfarcing | Tranzverse Stiffeners | Lonaitudinal Stiffeners | Tub Data | Fatigue | Shear Studs  Deflection Check. | Girder Size Override

Girder Station | Numberof | [ SM9 | sidHeight | Pitch | Tiansverse | Loncrete
Number [ Shear Studs lameter (in) (in) pacing ver
[in} [in) [in])
1 4 1.0000 3.0000 0.8750 6.0000 13.0000 3.5000 2.0000
2 4 672000 3.0000 0.8750 60000 19.1000 3.5000 2.0000
K] 4 160.0000 3.0000 0.8750 6.0000 16.0000 3.5000 2.0000
4 4 529.0000 3.0000 0.8750 6.0000 16.0000 3.5000 2.0000
Shear Studs Input

e% Fill out the parameters for the remaining code check locations as shown in the screenshot above.

Deflection Check

¢ Switch to Deflection Check tab.

This tab is to check for the criteria of deflection in AASHTO LRFD article 2.5.2.6.2 .The deflection tolerance needs
to be specified. Also, a result case should be mapped to the Deflection Live Load (LLDef) class.

Locations | Deck Reinforcing | Tranzverse Stiffensars | Laongitudinal Stiffeners | Tub Data | Fatigue | Shear Studs | Deflection Check  Girder Size Override

Girder Station ?e:‘lectiun
Number () olerance
(Ft)
[ 4 1.0000 0.0000
z 4 67.2000 0.0000
3 4 160.0000 0.0000
4 4 529.0000 0.0000
5

Deflection Check
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Load Class Result Case
Dead Load (DC1) [ oo V|
Superimposed Dead Load (DC2) | Dc2 V|
Dead Load on Wearing Surfaces (DW) oW v|
Live Load (LL) L v
Fermil Live Load (LL FPermit) NOME V|
Service Live Load (LL Service) .NCNI: V|
Wind Load on Structurs (WS) _N:'JNF v|
Wind Pressure on Vehicle (WL) MNOME V|
Temperature (TU) NONE V|
Construction Dead Load (eDL1) DLet V|
Construction Dead Load (cOL2) [noNE v
Construcfion Live Load {cLL) lNSNF V|
Construction Wind Load (cW5) NOME v|
Fatigue Live Load (LLFig) LL Fatigue V|
Deflection Live Load (LLDeT) LL Vehicular (Vertical) \/|[2_5:| .Z.G.ZIII
Custom Load Class 1 {Custi | Non-Composite w| [none |
Custom Load Class 2 {Cust2 | Non-Composite | [none v
Custom Load Class 3 {Cust3 | Non-Composite w||[nonE V|

Deflection Live Load (LLDef)

=% We will not do any modifications in this part.

Girder Size Override

m® Switch to Girder Size Override tab.

This tab can be used to change calculated short-term/long-term parameters without changing section dimensions in
the code-check and the model.

Locations | Deck Renfarcing | Transverse Shiffeners | Longitudinal Stiffeners | Tub Data | Fatigue | Shear Studs | Detlection Check | Girder Size Override

- - Web Top Flange | Bottom Flange | Top Flange | Bottom Flange
Girder S‘a“[ﬁ;a“"“ End [5"‘13‘“’" Shott/Long we"[igle"“‘ Thickness |  Width Width Thickness | Thickness
[in) [in) [in] [in) [in)

Girder Size Override
=% We will not do any modifications in this part also.

We are now done with the Code Check Locations.

m% Click the Back to Main Page button to return to the main page of the code check.

Mapping the Result Cases

In the Code Check step (Step C), the LARSA 4D Steel Bridge Module will automatically select appropriate result
cases for you. To manually map a result case to a load class, click the drop down menu which presents a list of the
result cases generated and select. You can modify/add new result cases in LARSA 4D and then use these result cases
by selecting them from the drop down menu.
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W] steel Bridge Module... - O *
g

Steel Bridge Module

Fl fiallo i the wizard page nd fill-in appropri { i igate through th
Import  Export Status Log...
Steel Bridge Design ~
I Design Code: | AASHTO LRFD Bridge Design Specifications, 7th Edition
Specify the locations on which the code check procedure will be performed.
Code Check Locations
Load Class Result Case

Dead Load (DC1) | bci v|
Superimposed Dead Load (DC2) | Dc2 V|

Dead Load on Wearing Surfaces (DW) | Dw v|

Live Load (LL) [ v|

Permit Live Load (LL Permit) |NDNE vl

Sernvice Live Load (LL Service) | MNOMNE V|

‘Wind Load on Structure (WS) | Ws vl

Wind Pressure on Vehicle (WL) |NDNE vl
Temperature (TU) |NDNE vl
Construction Dead Load (cDL1) [ DLe v|
Construction Dead Load (cDL2) |NDNE vl
Construction Live Load {cLL) |NDNE vl
Construction Wind Load (cW3) |NDNE v|

Fatigue Live Load (LLFtg) | LL Fatigue v|
Deflection Live Load (LLDef) |NDNE V|(2_5_2_6_2)
Custom Load Class 1 (Cust1 || Composite (Short Term) ||| NONE v

Custom Load Class 2 (Cust2 || Composite (Short Term) ||| NONE v

Custom Load Class 3 (Cust3 || Composite (Short Term) ||| NONE v

W

Customizing the result case of a load case

The DLcl result case is the result case that corresponds to the envelope of the deck pouring sequence which was
previously specified.

The result cases are combined with certain factors based on the AASHTO LRFD code, and factors can be viewed and
modified from the input spreadsheet shown below by clicking the |Load Factors .
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Steel Bridge Module...

Load Factors

Th

Import Export Status Log,

Back to Main Page

9o Aa-Fe-d bR W
Combination bci bc2 DWW L ‘ WS | DLel ‘ DLc2 LLe DLew ‘ LLPrm LLSrv TU ‘ WL Custl Cust2 ‘ Cust3 ‘ LLFtg ‘ LLDef

1 Strength | 1.2500 1.2500 1.5000 1.7500 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
[ 2| Strength Il 1.2500 1.2500 1.5000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.3500 0.0000 1.0000] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

3 Strength lll 1.2500 1.2500 1.5000 0.0000 1.0000 0.0000; 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000;
I Strength IV 1.5000 1.5000 1.5000 0.0000 0.0000 0.0000; 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
[ 5] Strength V. 1.2500. 12500 1.5000 13500 1.0000 00000 0.0000: 0.0000: 0.0000 0.0000 0.0000 1.0000 0.0000: 0.0000: 0.0000 0.0000 0.0000 0.0000:
[ 6| Senice | 1.0000 1.0000 1.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
[ 7] Senvice Il 1.0000 1.0000 1.0000 0.0000 0.0000 0.0000; 0.0000 0.0000 0.0000 0.0000 1.3000 1.0000; 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000;
[ 8] Senvice Ill 1.0000: 1.0000 1.0000 0.0000 0.0000 0.0000 0.0000: 0.0000: 0.0000 0.0000 0.8000 1.0000: 0.0000: 0.0000: 0.0000 0.0000 0.0000 0.0000:
[ 9| Senice IV 1.0000 1.0000 1.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
[10] Const. Strength | 0.0000 0.0000 0.0000 0.0000 0.0000 1.2500 1.2500 1.5000 0.0000 0.0000 0.0000 0.0000; 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000;
[ 1] Const. Strength lll 0.0000 0.0000 0.0000 0.0000 0.0000 1.2500 1.2500 0.0000 1.2500 0.0000 0.0000 0.0000 0.0000: 0.0000° 0.0000 0.0000 0.0000 0.0000
[ 12 | Const. Strength Special 0.0000 0.0000 0.0000 0.0000 0.0000 1.4000 1.4000 1.4000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

13 Const. Strength \V 0.0000 0.0000 0.0000 0.0000 0.0000 1.2500 1.2500 1.3500 1.0000 0.0000 0.0000 0.0000; 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000;

o

Load Factors

Load factors for strength, service, and constructability limit states are inputted by the user from the Load Factors menu
as explained above, whereas the Fatigue Design Combination factors are decided by the design code.

=% We will not do any modifications in mapping of the result cases.

Girder Details

We set top as continous since the top flanges are continuously braced due to the deck.
» The top flange is continuously braced by the concrete deck for the strength limit state

» The top flange is discretely braced for the constructability limit state ( while deck is not hardened)

Construction Girder Details:

The top flange of the girders are braced.
The bottom flange of the girders are | discretely | praced.

Girder Details

=% The top flanges of our model are continuously braced due to the deck. From the drop down menu for the top
flanges choose 'continuously'.

=% The bottom flanges are discretely braced. Select 'discretely' from the drop down menu for the bottom flanges.

Running Code Check

=% Now that the desired code check locations are entered, load classes are mapped and the girder details are
defined, click Next to begin the Code Check process.

During this process, each specified location on the structure is checked independently for both negative and positive
effects.

Once the Code check is completed, the Code Check Summary Report will automatically open.

This report is designed to provide the required code check information in one sheet. It reports girder properties for top
and bottom flanges, deck properties, haunch and reinforcing, followed by a second set of information for short and
long term composite properties of each girder at the specified code check locations.
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Girder Properties

Reports

Sectional and material properties of the girder and slab are listed in this table at the specified code check locations.

Girder Properties
Location Web Top Flange
Girder X D t, Fw B & | Fu
) | (in) (in) (ksi) | (in) | (in) | (ksi)
4 1 84 | 05625 70|20 | 1 50
4 67.2 | 84 | 0.5625 0 |20 | 1 50
4 160 | 84 | 0625 70 | 28 25| 50
4 529 | 84 | 05625 o 20 |1 50

Girder Properties

Deck Properties fc= 4 fy= | 60

Bottom Flange Slab Haunch Reinforcing
bt F, L widthL | widthR cb  th A, d, (A [d,

(in) | {in) | (ksi) | (in) (ft) (ft) (in) | (in%) (in) | (in%) | (in)
21 1 50 9 375 55 1 4 814 | 4 37| 7
21 | 15 50 9 375 55 1 4 g14 | 4 (37| 7
27 3 50 9 375 55 1 4 814 | 4 (37| 7
21 1 50 9 375 55 1 4 814 | 4 (37| 7

Girder Properties

Section Properties 1

Section properties for different states are calculated at the code check step. The detailed calculation can be seen from
the verbose report of a certain code check location. Sectional properties in non-composite state and composite with
reinforcement state are listed in this table.

Location MNon-Composite
Girder X A g Ca, |
®) | (%) (in) (in) {in*)
4 1 88.25 @ 434816 | 425184 | 101,522
4 67.2 | 98.75 | 48.0291 | 354709 | 118,986
4 160 | 203.5 | 46.9373 | 425627 | 313.970
4 529 | 88.25 | 434816 | 425184 | 101,522

Section Properties 2

Section Properties 1

Stup

(in®)
234173
247738
6.689.13
234173

Stx}t

(in®)
2,394.78
3.092.89
7.376.65
2,394.78

A
(in)
100.09
110.59
215.34
100.09

Section Properties 1

Cgtup
(in)
37.5025
421309
44.0508
37.5025

Composite w/Reinforcing

Cgbct
(in)
484975
44.3691
454492
484975

[
(in)
128,515
151,097
344,832
128,515

St{}p
(in®)
3.426.83
3.586.38
7.828.07
3.426.83

Stx}t

(in®)
2,649.93
3.405.46
7.587.2
2,649.93

In this table, calculated sectional properties in long term Composite (3n) state and short term Composite (n) state are

listed.
Location Composite 3n
Girder | x A Fely L= |

(ft) (in2) (in) (in) (in®)
4 1 129645 | 27.2033 | AB.T96T | 175,340
4 67.2 140145 | 316272 | 54 8728 | 209,205
4 160 244895 | 37.9892 | 515108 | 410,645
4 529 129645 | 27.2033 | 5B.T967 | 175,340

Section Properties 2

Stﬂp

(in)
6.445.52
6.614.72
10,809.5
6.445.52

Sbﬂt

(in®)
2,982.13
3.812.55
7.972.03
2,982.13

A
(in%)
212.436
222.936
327.686
212.436

Section Properties 2
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Cgtap
(in)
13.6787
17.0967
26.8752
13.6787

Composite n
€8, |
(in) (in®)
723213 | 236,747
69.4033 | 289,442
62.6248 | 530,932
72,3213 | 236,747

St{}p

(in®)
17.307.7
16,929.7
19,7655
17.307.7

Sl}ﬂt

(in®)
3.273.55
4,170.44
8.477.99
3.273.55
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Girder Longitudinal Bending Moment Force Summary
Analysis results are directly reported at the Force Summary tables. For a certain code check location and result case,

the values are extracted by using Compound Element Forces tool. In this table, longitudinal bending moments for
the mapped result cases are listed.

Girder Longitudinal Bending Moment Force Summary

Permanent Loads Transient Loads Construction Loads
. Structure & . Str Il Special ) . )
Location Attach. WS/l HL-93 Vehicle Fatigue Vehicle Wind Thermal
Girder| x I:]I::1 DCE DwW LLmax I'Lmin LLmax I'Lmin LLmax I'Lmin Wsmax Wsmin TUmax TUmin I:]L‘::ﬂ DLCE Llc DLcW

®) (eft) | (eR) (eft) (k) (kR) D (kR) D (kR) D (eft) | (eft) L (kft) | (eRt) (eR) ) (R) (kR () (;(} (k-ft)

4 1 199.8591| 20.8864 | 17.5555 | 123.574 -16.5128 0 0 45.2539 | 4.29313 |4.05475 291-626 0 0 1120233 0 | O 0
4 |67.2 256527 485497 | 540.667 |4,194.73 1.086.49 0 0 1,335.02| -294.357 | 124 616 116.212 0 0 378101 0 | O 0
4 160 -8.,183.8 1.311.66 1.198.86 503.545 571718 0 0 134.433 1.055.66 176.16 268,566 0 0 |-81838 0 |0 0
4 529 993269 20.3778 | 17.1799 | 1161567 | -17.4787 0 0 42 4969 | -3.86741|3.54049 P 54—659 0 0 |10022 0 |0 0

Girder Longitudinal Bending Moment Force Summary

Girder Vertical Shear Force Summary

In this table, vertical shear forces for the mapped result cases, are listed.

Girder Vertical Shear Force Summary

Permanent Loads Transient Loads Construction Loads
Location | Structure & Attach.| WS/Utl HL-93 StULﬁiEf;'a' Fatigue Vehicle Wind Thermal
Girder| x I:]I::'1 DCE DWW LLmax I‘I‘min LLmax I‘I‘min LLmax I‘I‘min Wsmax Wsmin TUmax TUmin I:]I“::1 DLCE LLc DLW

(ft) (k) (k) (k) (k) (k) (k) (k) (k) (k) (k) (k) | (k) | (k) () | (k) (k) (k)

4 1 | 97.9719 | 21.5706 | 18.1305 |137.608 19.?;3?1 0 0 50.418 4_5551? 3.68934 2_24_319 0 0 |1M7843) 0 |0 0
4 |67.2/-34.3726 -3.65277 4.56:258 36.3655 61.0-684 0 0 15.1072 21_501?, 0.59725 0.66-932 0 0 46.U-T49 0|0 0
4 160 -174.881 -39.4959 29.1_828 24.7398 1?8?362 0 0 471736 55.5-284 1.73383 5.18-351 0 0 1?5;”3 0|0 0
4 529 -97.4512 -20.8765 1”1_19], 155777 119?3?5 0 0 3.00398 44_2_241 114628 -1.1198 | 0 0 98.3:211 0|0 0

Girder Vertical Shear Force Summary

Girder Longitudinal Stress Summary (Top Flange)
Unfactored Girder Longitudinal Stresses for both top and bottom flanges are calculated in the code check step. In this

table, unfactored girder longitudinal stresses for top flange are listed with respect to the result cases separately. Total
factored flange stress can be seen from the detailed report for certain code check locations.
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Girder Longitudinal Stress Summary (Top Flange)

Permanent Loads Transient Loads

Construction Loads

Location | Structure & Attach. | WS/Util HL-93 Str Il Special Vehicle Wind Thermal
Girder| x Dc1 Dcz Dw LLmax I'Lmin LLmax I'Lmin Wsmax Wsmin TUmax TUmin DLC1 DLCT-'_ Llc DLeWV
(ft) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) | (ksi) | (ksi) | (ksi) | (ksi)| (ksi) (ksi)
4 1  -0.51172 | -0.03889 |-0.03268 -0.08568 | 0.01284 0 0 -0.00281/0.00202] 0 0 [-0.19382] 0 0 0
4 672 -12.4258  -0.88076 -0.98084 -2.973290.77012 0 0 -0.08833/0.08237| 0 0 |-6.46765| 0 0 0
4 160 146814 | 2.0107 | 1.83778 -1.23179|8.76413 0 0 -0.27004 | 0.4117 0 0 | 840621 0 0 0
4 529 -0.50899  -0.03794 -0.03138 -0.08054 0.01212 0 0 -0.00245/0.00177] 0 0 [-0.16156] 0 0 0

Girder Longitudinal Stress Summary (Top Flange)

Girder Longitudinal Stress Summary (Bottom Flange)

In this table, unfactored girder longitudinal stresses for the bottom flange are listed with respect to the result cases
separately. Total factored flange stress can be seen from the detailed report for different code check locations.

Girder Longitudinal Stress Summary (Bottom Flange)

Permanent Loads Transient Loads

Construction Loads

Location | Structure & Attach. | WS/Util HL-93 Str |l Special Vehicle Wind Thermal
Girder | x I:]|::‘1 DCZ DwW LLmax I‘Lmin LLmax I‘Lmin Wsmax Wsmin TUmax TUmin DLC1 DLCE Llc DLWV
ft) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) | (ksi) | (ksi) | (ksi)| (ksi) (ksi)
4 1 1 0.50038 @ 0.08405 | 0.07064 |0.45299 | -0.06786 0 0 0.01486 |-0.01063| 0 0 |0.60248 0 0 0
4 672995292 | 1.5281 | 1.70175 |12.0693 | -3.12626 0 0 0.35857 |-0.33433] 0 0 |145534 0 0 0
4 160 -13.313 | -2.07454 | -1.89613 | 1.2709 | -9.04236 0 0 0.27862 | -0.42477| 0 0 113313 0 0 0
4 1529049772 | 0082 | 0.06913 | 0.4258 | -0.06407 0 0 0.01298 |-0.00934| 0 0 |050218) 0 0 0

Girder Longitudinal Stress Summary (Bottom Flange)

Top Flange Lateral Stress

In this table the lateral stress calculation is summarized for the bottom flanges. The contribution of different load
cases on the Top flange lateral bending moment can be seen under Lateral Bending Moment-Analysis. Lateral
Bending Moment-Approximate part shows the lateral moment at the top of the girder based on ML/NRD method
(C4.6.1.2.4b-1). Whichever is larger of the M approximate and M gnalysis is used in the stress calculation as the total
lateral moment at the top flange( Mjy). Finally in the Lateral Flange Stress part, the computed flange lateral stress and

parameters for calculation are shown.

Top Flange Lateral Stress

Lateral Flange Bending Moment - Analysis Lateral Flange Bending Moment - Approximate

Lateral Flange Stress

Location Unfactored Strength | | Vert. Bending M, pprox = Mu*L,%/(10°R"D)

Girder| x | DC, DC, DW L M ! [Mu(max)| D Ly Radus M., Mg, b/t s lat
(f) (kA (k-ft) (k-ft) (k-ft) (k-ft) (k-ft) (im) | (/) (f) (k-ft) (ft) (i) (in) (in®) | (ksi)

4 1 -0.28889 | 0.00981 | -7.54e4 |-0.28434 | 0.93814 393.519 84 | 20| 700 32124 | 32124 | 20| 1 | 66.6667 | 0.57823

4 672 71.94 |-1.42587 | 0.26773 | 1.43838 | 106.173 11,9652 84 20| 700 97.6754 | 106.173 |20 1 | 66.6667 | 19.1111

4 160 | 145.475 | 913725 | 1.37129 | 124761 | 233.975 23,6727 84 20| 700 193.246 | 233975 | 28 | 2.5 326.667 | 8.59501

4 1529 -0.40511| 0.00398 |-0.00126 | -0.00933 | 0.65988 376.675 84 | 20| 700 3.09122 [3.09122 | 20| 1 | 66.6667 | 0.55642

Top Flange Lateral Stress

Bottom Flange Lateral Stress

In this table as in the Top Flange Lateral Stress, the lateral stress calculation is summarized for the bottom flanges.
The contribution of different load cases on the bottom flange lateral bending moment can be seen under Lateral
Bending Moment-Analysis. Lateral Bending Moment-Approximate part shows the lateral moment at the bottom in
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girder based on ML/NRD method (C4.6.1.2.4b-1). Whichever is larger of the M pproximate a0d M gpalysis 1S used in
the stress calculation as the total lateral moment at bottom flange( My,). Finally in the Lateral Flange Stress part, the
computed flange lateral stress and parameters for calculation are shown.

Bottom Flange Lateral Stress

Lateral Flange Bending Moment - Analysis Lateral Flange Bending Moment - Approximate Lateral Flange Stress
Location Unfactored Strength | Vert. Bending My pprox = MU*LbZJ’UU”R*D}
Girder| x | DC, DC, DWW LM IMu(max)| D L, Radius M. M, B t s fat

(ft) | (k) (k-ft) (k-ft) (k-ft) (k) (k-ft) (in} | (/)| (i) (k-ft) (kAt) |(in) (in) (in3) | (ksi)
4 1  0.33037 | 0.00963 | -6.35e-4 | 0.01709 | 0.50905 393.519 84 |20 8.400 32124 | 32124 |21 1| T35 | 0.52447
4 672 -109.087  -1.05475 | -0.95636 | 5.69697 | 166.647 11,9652 64 | 20 8400 97.6754 | 166.647 |21 /1.5 110.25 | 18.1384
4 160 -173.85 | -2.80241 | -7.14413 | -58.1045 | 333.215 23,6727 84 | 20| 8,400 193.246 | 333.215 |27 | 3 | 3645 | 10.97
4 529 0.23817 | 0.01196 | -6.52=4 | 0.01183 | 0.37422 378.675 84 |20 8.400 3.09122 3.09122 |21 1 | 735 | 0.50469

Bottom Flange Lateral Stress

Flexural Resistance - Composite Sections in Positive (6.10.7) or Negative Flexure (6.10.8)

This table summarizes the calculation of the flexural resistance of sections according to the articles 6.10.7 and 6.10.8.
Local buckling and lateral torsional buckling resistances are calculated along with the nominal flexural resistance for
compression, the smallest one determines the limit for compression flange resistance F,.. And the nominal flexural
resistance of the tension flange is Fy;.

Flexural Resistance - Composite Sections in Positive (6.10.7) or Negative Flexure (6.10.8)

Girder Parameters

Location Bott C i Flange Local Flange Buckling - | Lateral Torsional Buckling - = Flexural

Web  TopFlange| —ooom Dmposite Red. 6.10.8.2.1 6.10.8.2.2 Resistance
Flange Properties Parameters

Girderl x | D| t, wa b |t Fyf b |t Fy1 Fy' D, r, |G, -6.10.1.10] A Apf Ae |Foalle Lp L Frc Fo |Frt
(ft) (i) (in)  (ksi) (in) (in) (ksi} (in) (in) (ksi) (ksi) (in) | (i) Ry | Ry [bd2t; (ksi) (f)  (f) () | (ksi) | (ksi) (ksi)
4 1 |84 05625 70 |20 1|50 (21| 1| 50 | 35 |39.5074/4.97663 1| 1 1 | 10 [9.15161/16.1196| 0 |20/9.98776/38.8576) 0O 50 50
4 |67.2/84 05625 70 20| 1| 50 |21|1.5) 50 | 35 |43.9891/4.91445 1| 1 1 | 10 [9.1516116.1196| 0 |20/9.86298 38.5854) 0O 50 50
4 160 84 0625 70 28|25 50 27| 3| 50 | 35 |41.2627|7.55007/ 1| 1 1 | 4.59.15161 16.1196| 50 |20/15.1525 56.9043|48.2591|48.2591 50
4 529 84 05625 70 20| 1|50 21| 1| 50 | 35 |39.5508/4.97591| 1| 1 1 | 10 [9.15161/16.1196| 0 |20/9.98631/38.8075] 0O 50 50

Flexural Resistance

Section Proportioning Performance Ratios

This table shows the section proportion limit checks for web and flange proportions according to articles 6.10.2.1 and
6.10.2.2.

Section Proportioning Performance Ratios

Web Proportions Flange Proportions
Location 6102111 or 6.10.2.1.21 6.10.2.2-2 6.10.2 2-3 6.10.2 24
6.10.2.1.21 (Compression) (Tension) (Compression) | (Tension) (Compression) (Tension)
Girder| x D c|DbCc | D|C/  DC |D|C DC |D|CH DIC DC| DC D |C| D/IC D C| DiC
b/ b,/
/ ! . ) * )
() D/t, limit| Ratio |(2*|12) Ratio |(2* /12| Ratio %' b Ratio Ds by Ratio 117t |t Ratio | 117t ty| Ratio | Iy e | L =01]<10
te) te)
f H

1 149333 150 0.99556| 10 [12/0.83333|10.5/12) 0.875 |14 |20| 0.7 |14 21|0.66667 061875 1 0.61875/0.61875 1 |0.61875 771.75 | 666667 |0.86384 OK OK
67.2 149.333 150 |0.99556 10 12/0.83333| 7 12/0.58333/14 /20 0.7 |14 21/0.66667|0.61875| 1 |0.61875/0.61875/1.5/ 0.4125 1.157.63| 666.667 |0.57589 OK OK
160 1344 150 0.896 4.5 12| 0.375 |56 |12|0.46667 14 |27|0.51852|14 28| 0.5 |0.6875 |3 |0.22917 0.6875 2.5 0.275 |4,573.33/4,920.75/1.07597| OK |OK
529 149.333 150 |0.99556| 10 12/0.83333/10.5/12| 0.875 [14/20] 0.7 |14 21/0.66667|0.61875 1 |0.61875/0.61875 1 |0.61875 771.75 | 666.667 |0.86384) OK OK

Section Proportioning Performance Ratios
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Strength Performance Ratios

The strength performance ratio calculations according to article 6.10.7 and 6.10.8 are summarized in this table.

Strength Performance Ratios (Negative Flexure)

Location Shear . AGEE SEERETER . ) e RegRETe . Lateral Bending Stress
Discretely Braced Flanges In Compression = Continuously Braced Flanges In Tension
Girder | x D C DiC D C DiC D C D/C D C DiC
Vu | 9, 7Vn| Ratio fou+1/3*f , " Fnc Ratio fbu 9, " Rh ™ Fyt Ratio . |0.6*Fyc| Ratio
(ft) | (kip) (kip) (ksi) (ksi) (ksi) (ksi) (ksi) | (ksi)
4 1
AR |62
4 | 160 -623.88 | 786.462 | 0.79327 41.5595 48.2591 0.86117 38.959 50 0.77918 | 10.97 30 0.36567
ARE25

Strength Performance Ratios (Negative Flexure)

=% To go a step further than the summary report for each section, you may click the specific girder location on the

top left of the screen to report the detailed results. Click on G:4 S:1 which is the report for the first code check
location.

--Mar 16 2020 at 17:24:47
Input

Performance Ratios
Camber Deflection
G431

G4 5160

G4 5629

G4 5:67_2

Code Check Girder Locations

To view the line-by-line computations in the detailed report, MathPlayer software is required. The program can be
downloaded and installed using the provided link.

To view the ASClIMathML notation use Internet Explorer 6+MathPlayer or Netscape/Mozilla/Firefox

Steel Plate Girder Design Detailed Report

This report requires MathPlayer to display equations. If you do not have MathPlayer installed you can download the latest version here.
Right click on this document for more options.

Click here to see the summary report.

MathPlayer Download Prompt
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CONSTRUCTABILITY

Diaphragms And Cross Frames - I-Section Members  6.7.4.2-1 Lr=Lb?PASSED ; where Lr=38.86f, Lb=20f

Diaphragms And Cross Frames - -Section Members  6.7.4.2-1 ﬁ >Lb?PASSED ; where r=700f, 20/t

Diaphragms And Cross Frames - |-Section Members  6.7.4.2-1 360 =Lb ? PASSED ; where Lb=20ft

Flange Stress And Member Bending Moments  6.10.1.6-1 Abs(fl_comp) = 0.6 - Fyc 7PASSED ; where =18.88kips/in®,

Flexure - Discretely Braced Flanges In Compression  6.10.3.2.1-1 Abs{fbu_comp) + Abs(fl_comp) < phi_f - Rh - Fye ? PASSED ; where fou_comp=-15.51kipsiin® fl_comp=18 88kipsiin®, phi_f=1, Rh=1, Fyc=5.e4Ibfin*

Flexure - Discretely Braced Flanges In Compression  6.10.3.2.1-2 Ahg(rbu;nn.p)+% - Abs(fl_comp) < phi f- Fne? PASSED : where fau_comp=-15.51Kips/in®, fi_comp=18.88kips/in®, phi_f=1, Frnc=4476

Flexure - Discretely Braced Flanges in Compression  6.10.3.2.1-3 Abs(fbu_comp) < phi_f - Ferw ? PASSED ; where fou_comp=-15.51kips/in®, phi_f=1, Fcrw=4_12e4lb/in®

Flexure - Discretely Braced Flanges In Tension  6.10.3.2.2-1 Abs(fbu_tens) + Abs(fl_tens) < phi_f- Rh - Fyt? PASSED ; where fbu_tens=0.843kips/in®, ﬂ:t_g[!g_=0.224kip5fin“ P . R_tl:ﬂ._F_ﬂ:S edlbin®
Shear Resistance  6.10.3.31 Abs(Vu) < phi_v - Vo 7PASSED ; where Vu=165kips, phi_v=1, ¥n=573 3kips

Refer to calculation on pg D-10 of AASHTO sample  pg D-10 Abs(few) < phi £ - Ferw 2 PASSED ; where fow=-0.863kipsfin?, phi_f=1, Ferw=4.12e4Ibfin®

Transverse Stiffeners - Projecting Width  6.10.11.1.21 ht=2+ i 2PASSED - where bt=5.5in, d=84in
== _!D' - N s g

Transverse Stiffeners - Projecting Width ~ 6.10.11.1.2-2 % bt & % <16 - tp?PASSED ; where bfc=20in, bt=5 5in, tp=0.5in
Transverse Stiffeners - Moment of Inertia  6.10.11.1.31 It=1t1 7PASSED ; where =27 73in"4, 1t1=9.099in"4
SERVICEABILITY
Permanent Deformations - Flexure  6.10.4.2.2-1 Abs(fbu_top) < 0.95 - Rh - Fytop ? PASSED ; wher: .edlbiin®
i = 5 fl_bat
Permanent Deformations - Flexure  6.10.4.2.2-2 Abs(fbu_bot) + Abs—=— < 0.95 - Rh - FyBot TPASSED ; where fou_bot=0.855KIps/ine, 1_bot=0.184kips/in%, Rh=1, FyBot=5 e4Ibfin®
Permanent Deformations -flexure  6.10.4.2.24 Abs(fc) < Forw ?PASSED | where fc=-0.583kips/in®, Fcrw=4.76e4lb/in*

FATIGUE CHECK (6.6.1.2.2)

Fatigue Design Criteria @ Bottom  6.6.1.2.2 Ftgamma - FSRBot < FtDeltaFnBot ? PASSED ; where E_tg_q_njm =15, FSRBUI:D 182kipsiin®, If_tDeIlaFnE_l__u}:Ed-k\psiin2

STUD SHEAR CONNECTOR DESIGN (6.10.10)

e OIS :—: >4 ?PASSED : where h_s=6in, d_s=0875in
Transverse Spacing  6.10.10.1.3 t_s=4-d_s?PASSED ; where t_s=35in, d_s=0.875in
Transverse Spacing  6.10.10.1.3 le = 1 ?PASSED | where |e=6.063in

Caover and Penetration  6.10.10.1.4 cover =2 TPASSED ; where cover=2in

Cover and Penetration  6.10.10.1.4 penetration =2 ? PASSED ; where penetration=7in
pitch  6.10.10.1.2 ps26-ds&p s<247PASSED ; where p

Fitch  6.10.10.1.2-1

pSEms- ‘;—r?PASSED:where p_s=13in, n_s=3, Zr=4.211kips, Vsr=0.916kips/in
o e et .

Piteh  6.10.10.4 p_s <p_req?PASSED ; where p

13in, p_req=21.29in

ALL PASSED

Step-by-step Computations Used in the Summary Report

This report provides the step-by-step computations and checks that are reported within the summary sheet, and shows
the line-by-line computations that follow each design code, using equation number references to the code.

To gain further information about code check at a certain location, we can go into the corresponding verbose report.

=% On the top left of the report window, select |Click here to see the verbose report .
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CONSTRUCTABILITY
Agt?Ves; where Agl=1
\ Construct ? Yes ; where IsD mpConstruct-1
IsCurved? Yes  where ls Curved=-1
Diaphragms And Crass Frames - I-Section Members  6.7.4.2-1 Lr>Lh ?PASSED ; where Lr=38.86f, L0=201
Diaphragms And Cross Frames - I-Section Members  6.7.4.2-1 1 ZLbTRASSED  where (=701, Lo=20n
Diaphragms And Cross Frames - I-Section Members  6.7.4.2-1 360 2 Lb ?PASSED ; Where Lo=20ft
EnCalcits nosl 1b>Lp & Lb<Lr?Yes  where Lb=20R, Lp=0.889f Lr=38 857
ConstructabilityStage 7 Yes
GiEase e 1b=cb-[1-{1- 20 ) (EBTLBY b o Fve= 447646 where co=1, Fyr=38kips/in®, Rh=1, Fyc=5.e4I0fin", Lo=20f, Lp=0.8891, Lr=38 867, Ro=1
- YRR D) :
fuc_1tb> Kb - Rh - Fye ?No ; where Inc_Itb=44.76, Rb=1, Rh=1, Fyc=5.e4ibfin®
H<Bpi?No
16 < Ipf?No ; where If=10, 1p/=9.152
6108222 Fre | (-1t )
fue_flb=|1-|1- T || 2P || R Rh - Fye = 48.1737; where Fyr=35Kipsiin®, R=1, Fyc=5.e4I0iin®, 11=10, Ip1=9.152, I1=16.12, Ro=1
U7 R -Fye ) (Ief-1pf ) Y R=1 0 et I D
The nominal flexural resistance of the compression flange | Fuc = min(fuc_ltb, fuc_fIb)= 44.7646 ; where fnc_Ilb=44.76, fnc_flb=48.17

Searching within Unbraced Length (Constructability) The fotal stress in top flange without cansidering

—-15.5105 kipsfin®
flange lateral bending  at station 20.00 fou_top = 155105 ipsia

The total stress in compression flange without

- =-155105 kips/in® = "
R e e N fhu_comp = fbu_top =~15.5105 kips/in* ; where fou_top=-15 51kips/in

The total flange lateral bending stress, including

- kipsfin®
WUNRD moments ~ at station 20.00 11 top = 18.876 elpsin’

The flange Iateral bending stress of the compression

=11_top=18.876 kips/in® = "
e 11 comp = fL_top=18.876 kips/in® ; where f_top=18.88kipsir

The major axis bending moment (kip-in)  at station | \1, _ 35371 < kipe in

20.00
Flange Stress And Member Bending Moments  6.10.1.6-1 Abs(fl_comp) £ 0.6 - Fyc ?PASSED ; where f_comp=18.88Kkipsin?, Fyc=5.edibin®

Flexure - Discretely Braced Flanges In Compression  6.10.3.2.1-1 Abs(fbu_comp) + Abs(fl_comp) < phi_f - Rh - Fye TPASSED ; where fou_comp=-15.51kips/in, fl_comp=18 88Kips/ir®, phi_f=1, Rn=1, Fyc=5 edlniin®
Flexure - Discretely Braced Flanges In Compression  6.10.3.2.1-2 Am(tbn,mmpﬁ% Abs(fl_comp) < phi_f - Fnc ?PASSED ; where fou_comp=-15.51kips/in®, i_comp=18 88kipsfin®, phi_f=1, Fnc=4476

Verbose Report

This spreadsheet shows the mapping of the load classes, and reports each result along with the exact location that
LARSA 4D extracted the results from. The report includes the positive and negative forces at the code check locations
based on the loading information entered at the beginning of this tutorial. The module uses compound element forces
tool in order to take all elements into account, and slice the girder at the specified location to figure the composite
forces and moments in either the girder alone, or in the composite girder.

The first section of this report includes results for load cases DC1, DC2, DW, LL and DLc1, followed by Forces and
Moments.

Further detailed result reports in Verbose include slab width, section properties, flange stresses for strength etc.

Detailed reports are displayed with the default Internet web browser of the computer so that the report is easily
navigable and easy to read (although the report is stored on your computer and no Internet connection is necessary or
used). In order to see the formulas properly, we recommend using the Mozilla Firefox web browser and setting it as
the computer’s default web browser. Microsoft Internet Explorer version 6 or newer is also supported but additional
software called MathPlayer must be downloaded and installed from https://info.wiris.com/mathplayer-info. At the time
of writing, the Opera, Chrome, and Safari web browsers are not supported because they lack support for MathML.

Camber Deflection

=% Click on the Camber Deflection on the top left of the screen to see the camber defections along girders.
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=-Mis 14 2020 at 01:13:44
~Input

- aUmmany
~Perormance Ratios
~Camber Deflection
S

-G 5160

-G 5529

-ad =hY_2

Select Camber Deflection

Camber Deflection table reports deflections due to the mapped result cases DC1 and DC2 to 10th points along the
girders for each span. The reported deflections are coming from the bottom flange nodes of the girders.

Girder State Abut1 041 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 Fier

G1 DC1 00097 08967 12956 1.7312 @ 1.9541 1.9269 16420 11627 06286 02053 00252
G1 DC2 00031 01000 01785 02274 02443 02294 01834 01301 00693 00225 00052
G2 DC1  0.01%5 1.8201 3.2580 4.0733 42037 3.7088 27751 1.6943 07635 0.1841 0.0242
G2 DC2 0.0010 0.0847 01564 02039 02212 02064 01639 01097 0.0546 00154 0.0014
G3 DC1 00141 03281 06398 09349 11709 1.2711 11775 08605 04348 01001 00292
G3 DC2 00010 00955 01758 02286 02475 02311 01863 01245 00637 0.0195 0.0015
G4 DC1  0.0121 4.6124 84833 11.0671 121814 11.8307 10.2490 7.8795 51710 24819 0.0240

G4 DC2 0.0036 01336 02412 03054 03273 03070 02520 01745 0.0941 00320 0.0049

Camber Deflections for the First Span
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Load Rating for AASHTO LRFR

In this part of the manual, we will define additional live load result cases in the project, go to Step D - Load Rating
part of the LARSA 4D Steel Bridge Module, and perform load ratings per AASHTO LRFR.

The result case “LL Vehicular” for HL-93 design loading is available in the project to be used for Inventory and
Operating ratings. We will define two additional live load result cases for Legal and Permit load ratings by using the
standard vehicles available in the vehicle database connected to the project.

The average daily truck traffic (ADTT) is assumed as 1000 trucks/day for this example.

Legal and Permit Live Load
The settings of the HL-93 result case, such as design lane width, patch loading, etc. will also apply to new legal and
permit influence-based result cases, so we will create them by duplicating the HL-93 result case.
Legal Live Load
=% [n Analysis Results Explorer, right-click the “LL Vehicular” result case and /Duplicate the result case.
Right-click the duplicated result case and choose Properties .
Rename the result case as “Legal.”

[

=6

=% Change to the Vehicular Loading tab.

=% Activate the third lane type by a left-click and remove the lane type using the X button.
(3

Remove the second lane type similarly.

!‘ Influence Analysis hd

Result Case MName:
|Legal | Standard Salution Method ~

General Dptions- Wehicular Loading ]Qniforma’Patch Loading]

Add Lane Type Add Yehicle

Vehicle Load Pattern

Lane Type . .

i : ft
HL-33/HS 20-44 2D Design Truck [Factor: 1.33] R BEClwial Speelis;

Lane Type [ezign Lane Yehicle Margirn: ft
HL-93 Desigh Tandem 20 [Factor: 1.33) Factar Maw # N . -

Lane Type, UDL Factor: 0.5 e SR Spaelie o ft
HL-93/H520-44 2D Design Truck [Factor: 1.137) One Load Pattern Per Span Wehicle Direction: | &y ~
HL-33/H520-44 2D Design Truck [Factor: 1.137)

Lare Options Lane Transverse Constraints:
Max Lanes UDL Factor Min: l:l I
Mo Limit v 039 Maw [ | f

Help Caticel

Removing a lane type
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=% Modify the vehicle load pattern of the remaining lane type as “Legal Type 3(2D).”

d

A

Legal Type 3(2D)

Legal Type 3(2D)

Per AASHTO LRFD Manual for Bridge Evaluation, the dynamic load allowance of 33% will be applied to axle loads
of legal and permit cases.

Since the lane type does not contain more than one vehicle, the Min. Back-to-Front Spacing will not apply but can
be modified as zero.

The final vehicle setup is shown below:

Wy Influence Analysis *

Result Caze Mame:
|Legal | Standard Salution Method v

General Dplions- Wehicular Loading ]Qniform!Patch Loading]

Add Lane Type Add Yehicle *

Wehicle Load Pattemn
tin. Back-to-Front Spacing ft
Lagal Type 3(2D] o in. Back-to-Front Spacing Ijl

Diesigh Lane Vehicle Margin: ft

Lahe Type
Legal Type 320 [Factor: 1.33]

Fach tas #
acter] 1.33 " Min, Side-to-Side Spacing ol
Orne Load Pattern Per Span Wehicle Direction: | dnp ~
Lare Options Lane Transverse Constraints:

tdan Lanes LIDL Factar Min. I:I
Mo Limit v 1 Maw [ |

Help Cancel

Legal Live Load

=% Click OK.

Permit Live Load
=% In Analysis Results Explorer, Duplicate the “LL Vehicular” result case this time to create permit loading.
=% Right-click the duplicated result case and choose Properties .

=% Rename the result case as “Permit.”
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For the permit loading, we will apply a special permit vehicle in one lane and the HL-93 loading in the other lanes.
=% Change to the |Vehicular Loading tab and remove the second and third lane types.
=% Keep the HL-93 lane type, and click Add Lane Type to define a new lane type for permit vehicle.

=% On the right, where it reads (Select Pattern) , click it and choose “Permit AASHTO.”

105 45505 10505 105

115 451151815115 105 105105 105

Permit AASHTO
Weight = 220 kips

- - =%

Permit AASHTO
=% Set the Max Lanes to 1 for this lane type.

The final vehicle setup is shown below:

Wy Influence Analysis X

Result Caze MName:
|Permit | Standard Solution Method w

General Dptionsl Yehicular Loading ]Qniformx’F’atch Loading]

Add Lane Type Add Yehicle ks
Lane Trpe ‘ehicle Load Pattemn
i . e i
HL-53/H520-44 2D Design Truck (Factar: 1.33] Fermit S4SHTD | MnBackiofiont Spacing: | 0]

w1 Design Lane Vehicle Margin: ft

SHTO [Factor: Fact Max tt
i acter] 1.33 - Min. Side-to-Side Spacing: 0t
Orne Load Pattern Per Span Wehicle Direction: | Any ~
Lare Options Lane Transverse Constraints:

Max Lanes UDL Factor Mir: I:l

Permit Live Load

=t Click OK.

Step D - Load Rating

All the required dead load and live load results are available in the project, and now we can proceed to Step D - Load
Rating| part of the module.

=% Open the LARSA 4D Steel Bridge Module to move to Step D.
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Since we performed code check previously in Step C, a new item will appear below the list of steps. The Step R - See
Design Results option can be used to review the previous code check and load rating results.

=% Select Step D - Load Rating and click Next.

Steel Bridge Module... - O *

Steel Bridge Module

FI foll age nd fill-in appropriate
Import Export Report lzaues
Steel Bridge Design ~

What do you want to do?
-

[] Modify - Change the existing steel girder model.

-f._r [] Step C - Code check per AASHTO LRFD.
k Step D - Load Rating.
/ [] Step R - 5ee Design Results. W
=y o

Step D - Load Rating

As in Step C of the module, the code locations on the structure need to be specified first.
% Click Code Check Locations|.
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W] steel Bridge Module... — 0 %
g

Steel Bridge Module

ard pag
Status Log... Feport |zzues
Steel Bridge Design A
| Design Code: | AASHTO LRFD Bridge Design Specifications, 7th Edition v
Specify the locations on which the code check procedure will be performed.
Code Check Locations

Load Class Result Case

Dead Load (DC1) [ ber V|

Superimposed Dead Load (DC2) | DCz v|

Dead Load on Wearing Surfaces (DW) | Dy v|

Bracing in the Composite State:

The top flange of the girders are braced.
The bottom flange of the girders are | discretely ™| braced.

Other Options:

Unfactored Load Combination Selection Method: | Default method v

Use plastic moment capacity for compact sections in positive flexure. V]

Load Rating Information Window
The inputs that we entered in Step C are available to be used in Step D.

We will perform rating at stations 67.2 ft (positive bending) and 160.0 ft (negative bending).

=% For stations 1.0 ft and 529.0 ft, activate the row of the station by a left-click, then delete the row by using the
Delete Rows tool on the toolbar.
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Steel Bridge Module... - O *

Code Check Locations

tional information. P fill-iry the: Jon't forget to right ¢ for more options.

Status Log. .. Feport lzsues

Back ta kMain Page

IR RS
IL-:u:alions Deck HeiIDelete Rows (Shif—t+DeI)Iners| LnngitudinaIStiffenersl Tub Datal Fatiguel Deflection Checkl Girder Size Dvelridel
. . . Radius of X-Frame Moment ~
Girder Station Deszign Span Length h " Anthg Anthg [Toy
Curvature Spacing [Lb) | Gradient
Humber [Ft] Moment (ft) [Ft] (ft) Modifier [Cb) weh] Flange]
1 4 1.0000 Auto 700.0000 160.0000 20.0000 1.0000 1.0000 1.00¢
2 4 67.2000 Auto 700.0000 160.0000 20.0000 1.0000 1.0000 1.00C
3 4 160.0000 Auto 700.0000 210.0000 20.0000 1.0000 1.0000 1.00¢
4 4 529.0000 Auto 700.0000 160.0000 20.0000 1.0000 1.0000 1.00¢
5 ]
< >

Delete Rows
=% Click Back to Main Page .
Leave the mapped dead load result cases and construction girder details as we entered in the code check part.

Special to the Load Rating part of the Steel Bridge Module, if there is a need to eliminate the use of plastic moment
capacity for the compact sections in positive flexure, the user can uncheck the default option and consider this type
of sections to be non-compact.

=¢ Click Next.

This opens the window that we will specify the rating vehicles, limit states, and corresponding load factors.

Load Rating - Vehicles

Under the Vehicle column, the influence-based result cases of the project are available in the drop-down menu.
m% For design load rating, set Vehicle #1 and Vehicle #2 to the “LL Vehicular” result case.
Choose the type of rating as “Inventory” and “Operating,” respectively.

For legal load rating, set Vehicle #3 to the “Legal” result case.

=6

(]

=% Choose the type of rating as “Legal.”

=% For permit load rating, set Vehicle #4 to the “Permit” result case.
(]

Choose the type of rating as “Permit.”

We will check Strength I and Strength II limit states and apply the load factors per AASHTO LRFD Manual for Bridge
Evaluation tables 6A.4.2.2-1, 6A.4.4.4.2.3a-1, and 6A.4.5.4.2a-1.

The load factors are selected for ADTT = 1000 trucks/day and Permit Weight > 150 kips.

The system and condition factors are not applied in this example.
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=% Change the remaining set of inputs as shown in the figure below.

Load Rating
Vehicles

Combination Factors

System x Condition x Resistance

Vehicle Type Comb. — o n E—
Vehicle #1: || LL Vehicular ||| Inventory ||| Strength | ||| 1250[|| 1.500||| 1750] | 1]
Vehicle #2: || LL Vehicular ||| Operating ||| strength1 ||| 1.250]|| 1.500|| 13s0] [ 1]
Vehicle #3: || Legal v||{Legal  ||/strength1 ||| 1250||| 1500||| 168] | 1
Vehicle #4: || Permit v||[Permit  w||[strengthn v||| 1250||| 1500||| 12| | 1]
Vehicle #5: || None v||[inventory ||| strength 1 ||| ]l ||l 1] | A

=% Click Next to start the load rating.

Rating Factors

Once the rating completes, the summary of Load Rating Factors will automatically open.

Girder | Station \ehicle Type Comb. RF Fnc | RE Fnt

4 672 L Inventory | Strengthl | 10.706 |7.95357

Vehicular
LL
4 67.2 Ve Operating| Strengthl | 13.8768|10.3102
4 67.2 Legal Legal |Strengthl |13.9493/10.2433
4 67.2 Permit = Permit |Strengthll| 9.7405 | 6.8982
LL
4 160 Vehicular Inventory | Strengthl |1.39549 1.71988
L1
4 160 A Operating| Strengthl | 1.60905|2.22948
4 160 Legal Legal |Strengthl |2.00319/2.48933
4 160  Permit = Permit |Strengthll|1.59683|1.97349

RF
Fnb_def Fnt_def Mnt Mnc Mn

0

o oo o

=

Load Rating - Vehicles

Load Rating Factors

MNegative Positive
RF

NP |G| & e RF Vn RF Fnc RF Fnt 3

0 0| 0 |0 126911612994 1.204 0

0 0| 0 |0 |16.4515/7.94621/1.56074) 0O
0 0| 0 |0 |16.8449/7.96349/1.56414) 0
0 0| 0 |0|10.6962513647/1.00887 0
0 0| 0 |0 |152087|23.464886.1915 0
0 00 |0|19715 304172/ 111.73 0

0 0| 0 |0|197896/30.7233 114.1 0
0 0] 0 |0[132825/26.3921/98.1524) 0

Load Rating Factors

* Fnc: The nominal flexural resistance of the compression flange.

» Fnt: The nominal flexural resistance of the tension flange.

0

o oo o

=

RF | RF RF
Fnb_def Fnt_def Mnt Mnc Mn

0

o oo o

(=]

0

o oo o

=

0

0
0
0
0

Shear g

RF Vn

23.021

29.8421

30.7089
17311

25.3659

32.86817

33.0191
27.4501

Fatigue
RF
Fatigue

0

0
0
0
0

Min.

1.204

1.56074

1.56414
1.00887!

1.39549

1.80905

1.97896
1.32825

* Fnb_def: The nominal flexural resistance of the bottom flange determined as specified in Article 6.10.4.2.2

(Permanent Deformations-Flexure).

» Fnt_def: The nominal flexural resistance of the top flange determined as specified in Article 6.10.4.2.2

(Permanent Deformations-Flexure).

* Mnt: The nominal flexural resistance based on the tension flange.

* Mnc: The nominal flexural resistance based on the compression flange.
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e Mn: The nominal flexural resistance of the section.

* Vn: The nominal shear resistance determined as specified in Articles 6.10.9.2 and 6.10.9.3 for unstiffened
and stiffened webs, respectively.

Summary and Verbose Reports

On the top left of the screen, the detailed reports are available for each station and vehicle.

=% Select one of them and click to review the summary report.

Steel Plate Girder Design Reporting Tool... -

[ gn Reporting o X
Input Steel Plate Girder Design Detailed Report ~
Summary

ihl, This report requires MathPlayer to display equations. If you do not have MathPlayer installed you can download the latest version here.
Right click on this document for more options.

Glegal_Legal_Strengthl_1_25_"
GiLL_Vehicular_Inventony_Stram
GiLL_Wehicular_Inventory_Strem
GLL_Wehicular_Operating_Strer

Click here to see the verbose report.

GiLL_Vehicular_Operating_Strer | | Rating for Flexure(egaive) Rating Factor for Fnc flexureFactor - Fnc-+ sign - (} - 7LDL_comp) + sign - fou_DI._comp
G:Perrmit_Perrmit_Strengthll_1_2E RF_Fnc_Min = £} _1 - - - —2.00319 where
G:Permit_Permit_Strengthl _1_2& fbu_LL_comp + 3 -l LL_comp

flexureFactor=1, Fnc=48.26, sign=-1, i_DL_comp=7.622kips/in®, fou_DL_comp=22.08kips/fin*,
fou_LL comp=10.93kips/in® fi_LL_comp=2.606kips/in®

Rating Factor for Fnt flexureFactor - Fut + sign - fbu DL tens
fhu_LL_tens

fou_DL_tens=23.62kips/in®, fou_LL_tens=10.6kips/in*

RF_Fat_Min= =1.48933 ; where flexureFactor=1, Fnt=50, sign=-1,

Rating for Shear(Negative) Raling Factor for shear _ shearFactor - Va + sign - Vu_DL

RF Vn_Min= oIl
Vu_DL=311.7kips, Vu_LL=239.9kips

=1.97896 ; where shearFactor=1, Vn=786.5kips, sign=-1,

RN RRES GRS Rating Factor for Fnc flexureFactor - Fuc + sign - (5 -7 DL_comp) + sign - bu DL comp

RF_Fnc Max=

T =30.7233 ; where
fou_LL_comp + § - f_LL_comp
flexureFactor=1, Fnc=48 27, sign=1, fi_DL_comp=7.622kips/in® fou_DL_comp=22.08kips/in*,
fou_LL_comp=1504kips/in® fi_LL_comp=2.606kips/in®

Rating Factor for Fnt flexureFactor - Fnt + sign - fou_DL_tens
fbu_LL_tens

fou_DL_tens=23 62kips/in®, fou_LL_tens=0.645kipsfin®

RF_Fat_Max = =114 ; where flexureFaclor=1, Fnii=50, sign=1,

Rating for Shear(Positive) Raling Factor for shear shearFactor - Vn + sign - Vu_DL

RF_Vn_Maz= Tu il
Vu_DL=311.7kips, Vu_LL=33.26kips

=33.0191 ; where shearFaclor=1, Vn=786.5kips, sign=1,

G 5 Click here to see the verbose report.

Summary Report

This report summarizes how the rating factors are computed by using the general LRFR rating equation.

Capacity + sign * |DL|

RF =
ILL|

Rating Equation

When the load rating is run, the rating factor parameters are extracted after six code check runs per station and vehicle
(3 for negative RF, 3 for positive RF).

* Dead load related parameters are extracted from DL run, considering only the dead load effects.

» Live load related parameters are extracted from LL run, considering only the live load effects.

* Capacity is extracted from DL+LL run, considering both dead load and live load effects.

If DL and LL results are both positive or negative, the sign is set to -1 in the rating equation. Otherwise, the sign
parameter is equal to +1.
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=% On the top left of the summary report, select Click here to see the verbose report .

Steel Plate Girder Design Reporting Tool.. - O b3
Input Steel Plate Girder Design Detailed Report "
Summary
GiLegal_Legal_Strengthl_1_25 This repart requires MathPlayer to display equations. If you do not have MathPlayer installed you can download the latest version here

GiLogal_Legal_Strengthi_1_25_ Right click on this document for more options.

GiLL_ehicular_lrventons_Stremn
G:LL_Vehicular_Inventony_Stren:
GiLL_Wehicular_Operating_Strer
GiLL_Vehicular_Operating_Strer | | EXTRACT DESIGN PARAMETERS (NEGATIVE)
GiPermit_Permit_Strengthll_1_2¢ | [

Click here to see the summary report.

G:Permit_Permit_Strengthll_1_2¢ Steel Plate Girder Design Details || pep o nate
Report
Project
Design Code AASHTO LRFD Bridge Design Specifications, 7th Edition
Unfactored Load
Combination  Selection | Defauit method
Method
Use Plastic Homent |,
Capacity es
Girder # -4
Station =160
Elements M1222, P356, M1223, P1036, P1220
Design Moment Negative

Steel Material Top Flange | A709-50

Steel Material Web AT09-70

Steel  Material Bottom

Flange AT09-50

DC1 DC1

Dpc2 DC2

Dw ow

FTER T LT Forces and Moments Lateral Lateral
Moment| Moment@ Moment Vgrhh:al FAX‘BI Torsion
Bottorn ear orce
be1 -9.82e4 1,746 -2,086. -1749 0.040 -1,496. ¥

< > kips-in Kips-in kips-in kips kips|  Kps-in

Verbose Report

Similar to Step C, this report provides the step-by-step computations of code check runs.
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Appendix

Girders and Cross Frames Input Data
The complete input data of this manual for girders and cross frames are shown below.
Girders Input Data

Girder Skew Begin End TransvefsansvelseunchWeb Web Top  BottomTop  Bottom Alignment
NumberAngle Station Station Offset Offset ThickneBepth Thicknektange Flange Flange Flange

(ft) (ft) @ @ (in) (in) (in)  Width Width ThicknéFhickness
Start End (in) (in) (in) (in)
(ft) (ft)
1 0 0 116  -16.5 -16.5 4 84 0.5625 15 16 1 1 Default
1 0 116 140 -16.5 -16.5 4 84  0.625 21 21 1.25 1.5 Default
1 0 140 160 -16.5 -16.5 4 84  0.625 21 21 2.5 3 Default
1 0 160 179.0909 -16.5 -16.5 4 84  0.625 21 21 2.5 3 Default
1 0 179.0909 202 -16.5 -16.5 4 84  0.625 21 21 1.25 1.5 Default
1 0 202 328  -16.5 -16.5 4 84 0.5625 15 18 1 1 Default
1 0 328 350.9091 -16.5 -16.5 4 84  0.625 21 21 1.25 1.5 Default
1 0 350.9091 370 -16.5 -16.5 4 84  0.625 21 21 2.5 3 Default
1 0 370 390 -16.5 -16.5 4 84  0.625 21 21 2.5 3 Default
1 0 390 414 -165 -16.5 4 84  0.625 21 21 1.25 1.5 Default
1 0 414 530 -16.5 -16.5 4 84 0.5625 15 16 1 1 Default
2 0 0 116  -55 -55 4 84 0.5625 15 16 1 1 Default
2 0 116 140 55 -55 4 84  0.625 18 19 1.25 1.5 Default
2 0 140 160 -55 -55 4 84  0.625 18 19 2.5 3 Default
2 0 160 179.0909 -5.5  -5.5 4 84  0.625 18 19 2.5 3 Default
2 0 179.0909 202 -55 55 4 84  0.625 18 19 1.25 1.5 Default
2 0 202 328 55 -55 4 84 0.5625 15 17 1 1 Default
2 0 328 350.9091 -55 -55 4 84  0.625 18 19 1.25 1.5 Default
2 0 350.9091 370 -55 55 4 84  0.625 18 19 2.5 3 Default
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Girder Skew Begin End TransvefsansvelseunchWeb Web Top  BottomTop  Bottom Alignment
NumberAngle Station Station Offset Offset ThickneBepth Thicknektange Flange Flange Flange
(ft) (ft) @ @ (in) (in) (in) Width Width Thicknékhickness

Start End (in) (in) (in) (in)
(f  (fy)
2 0 370 3900 55 55 4 84  0.625 18 19 2.5 3 Default
2 0 390 414 55 55 4 84  0.625 18 19 1.25 1.5 Default
2 0 414 530 55 -55 4 84 0.5625 15 16 1 1 Default
3 0 0 116 5.5 5.5 4 84 0.5625 16 18 1 1 Default
3 0 116 140 5.5 5.5 4 84  0.625 20 21 1.25 1.5 Default
3 0 140 160 5.5 5.5 4 84  0.625 20 21 2.5 3 Default
3 0 160 179.0909 5.5 5.5 4 84  0.625 20 21 2.5 3 Default
3 0 179.0909 202 5.5 5.5 4 84  0.625 20 21 1.25 1.5 Default
3 0 202 328 5.5 5.5 4 84 0.5625 15 20 1 1 Default
3 0 328 350.9091 5.5 5.5 4 84  0.625 20 21 1.25 1.5 Default
3 0 350.9091 370 5.5 5.5 4 84  0.625 20 21 2.5 3 Default
3 0 370 390 5.5 5.5 4 84  0.625 20 21 2.5 3 Default
3 0 390 414 5.5 5.5 4 84  0.625 20 21 1.25 1.5 Default
3 0 414 530 5.5 5.5 4 84 0.5625 16 18 1 1 Default
4 0 0 3224 165 165 4 84 0.5625 20 21 1 1 Default
4 0 3224 116 16.5 16.5 4 84 0.5625 20 21 1 1.5 Default
4 0 116 140 165 165 4 84  0.625 28 27 1.25 1.5 Default
4 0 140 160 165 165 4 84  0.625 28 27 2.5 3 Default
4 0 160 179.0909 16.5 16.5 4 84  0.625 28 27 2.5 3 Default
4 0 179.0909 202 165 16.5 4 84  0.625 28 27 1.25 1.5 Default
4 0 202 328 165 165 4 84 0.5625 17 21 1 1.5 Default
4 0 328 350.9091 16.5 16.5 4 84  0.625 28 27 1.25 1.5 Default
4 0 350.9091 370 165 16.5 4 84  0.625 28 27 2.5 3 Default
4 0 370 390 165 165 4 84  0.625 28 27 2.5 3 Default
4 0 390 414 165 165 4 84  0.625 28 27 1.25 1.5 Default
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Girder Skew Begin End TransvefsansvelseunchWeb Web Top  Bottom Top
NumberAngle Station Station Offset Offset ThickneBepth Thicknektange Flange Flange Flange

Bottom Alignment

(ft) (ft) @ @ (in) (in) (in) Width Width Thickné¥hickness
Start End (in) (in) (in) (in)
(ft) (ft)
4 0 414 44624 165 165 4 84 0.5625 20 21 1 1.5 Default
4 0 446.24 530 16.5 165 4 84 0.5625 20 21 1 1 Default
Cross Frames Input Data
Station  Type Dist. Depth Skew Location Bays Bracing Bracing Bracing
(ft) from Bot. (in) (deg) Top Bot. Diagonal
of Top Chord Chord Section
Flange Section  Section
(in)
0 K Type 10 64 0 External ALL Area: .0347Area: .0347Area: .03472
2
20 X Type 0 0 0 External ALL None None Area: .03472
40 X Type 0 0 0 External ALL None None Area: .03472
60 X Type 0 0 0 External ALL None None Area: .03472
80 X Type 0 0 0 External ALL None None Area: .03472
100 X Type 0 0 0 External ALL None None Area: .03472
120 X Type 0 0 0 External ALL None None Area: .03472
140 X Type 0 0 0 External ALL None None Area: .03472
160 K Type 0 0 0 External ALL Area: .0347Area: .0347Area: .03472
2
179.09 X Type 0 0 0 External ALL None None Area: .03472
198.18 X Type 0 0 0 External ALL None None Area: .03472
217.27 X Type 0 0 0 External 1,3 None None Area: .03472
236.36 X Type 0 0 0 External 2-3 None None Area: .03472
255.45 X Type 0 0 0 External 1-2 None None Area: .03472
274.55 X Type 0 0 0 External ALL None None Area: .03472
293.64 X Type 0 0 0 External ALL None None Area: .03472
312.73 X Type 0 0 0 External ALL None None Area: .03472
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Station  Type Dist. Depth Skew Location Bays Bracing Bracing Bracing
(ft) from Bot. (in) (deg) Top Bot. Diagonal
of Top Chord Chord Section
Flange Section  Section
(in)
331.82 X Type 0 0 0 External ALL None None Area: .03472
350.91 X Type 0 0 0 External ALL None None Area: .03472
370 K Type 0 0 0 External ALL  Area: .0347Area: .0347Area: .03472
2
390 X Type 0 0 0 External ALL None None Area: .03472
410 X Type 0 0 0 External ALL None None Area: .03472
430 X Type 0 0 0 External ALL None None Area: .03472
450 X Type 0 0 0 External ALL None None Area: .03472
470 X Type 0 0 0 External ALL None None Area: .03472
490 X Type 0 0 0 External ALL None None Area: .03472
510 X Type 0 0 0 External ALL None None Area: .03472
530 K Type 0 0 0 External ALL Area: .0347Area: .0347Area: .03472
2
Girders

Custom Girder Material

In order to employ a custom material into the module, the material definition should be defined in LARSA 4D's main
interface under Input Data — Properties — Materials .

_.__I Properties: Material Properties

M aterials

Sections \ s \

Baszic Properties  Mare Properties

Spring Properties \

lzalatar Definitionz \

taterial Tinne Effects \

[= [ & s

Temperature Curve \

Mame

Custom Material

Modulus of
Elasticity
[Ib/in?]

20,000.00

Poisson
Ratio

0.0000

Shear
Modulus
[Ib/in?)

10.000.00

Unit Weight
[Ibfin?)

0.0000

Thermal Expansion [1/

°F *10°-6)
0.000000

Azsigned

Mo

After that, the custom material will be available in the Steel Bridge Module's material drop-down lists.

Material Properties
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Girders
Type: i girder (flanges as members, web as plate element) /| More Info
Web Material: Custom Material W

Custom Material
Custom Material W

Top Flange Material:

Bottom Flange Material:
Edit Girders

straight girders Vl

Material List

Skew Angle for Girders

To define a straight bridge having the same skew angle at the abutments, the same start and end station input is entered
for all girders and the skew angle input is used to shift the girders longitudinally.

bt [ stom e | S| e | S | G

1 60.0000 0.0000 100.0000 0.0000 0.0000

2 2 60.0000 0.0000 100.0000 5.0000 5.0000
3 3 60.0000 0.0000 100.0000 10.0000 10.0000

Girders with Skew Angle Data

ﬂ Graphics View 1

L.

I Giid | [JRender Out of Scals

[Jalue Labels #Decimak: -1 Legend Min Auta Legend Max Ao 7

Bridge with Skew Angle

Auto-calculation of Girder Locations

The location of girders is automatically calculated by using the skew angle of abutments specified in the Edit
Abutments&Piers spreadsheet and transverse offset of the girder.

g e do3=3 2l A W v
Station Skew [deg) Tx Support | Ty Support | Tz Support | Bx Support | By Support | Bz Support "
1] 9 [kips/ft) [kips/ft) [kips/ft) [kips-ft/rad] | [kips-ftfrad) | (kips-ft/rad)
1 0.0000 60.0000 fixed fixed fixed fixed free free
2 100.0000 30.0000 fixed fixed fixed fixed free free|
< >
Edit Abutments&Piers
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I Girder  Wertical fosetl Tub Girdell Variationl
R Begin - Transverse | Transverse

Girder 4 End Station

Number Skew Angle St[a[ltllon ft] I]Igsln;lﬂ@ I][fEss;@
1 1 0.0000 0.0000 1175000 0.0000 0.0000
2 2 0.0000 0.0000 117.5000 5.0000 5.0000
3 3 0.0000 0.0000 117.5000 10.0000 10.0000

Edit Girders

ﬂ Graphics View 1

L.

I Grid | [ Render Out of Scale [J'alue Labels # Decimals: | -1|  Legend Min Auto| Legend Max Auta ?

Curved Bridge with Skew Angle

Unusual Girder Geometries

In order to define a cross-sectional change along the girder or varying transverse offset values relative to the bridge
centerline, the girder properties can be entered into multiple rows of the (Girder spreadsheet by specifying the start

and end station of each girder segment.

By using segments, the user can generate unusual girder geometries, as shown in the below screenshots:
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Module

[ Girder  Vertical Offset | Tub Girder | Variation |

P Begin F Transverse | Transverse
Girder . End Station
Skew Angle Station Dffset @ Dffset @
e (ft) ) Start End
0.0000 0.0000 927.5000 -6.0000 -6.0000
0.0000 0.0000 927 5000 4 6700 4 6700

B R =

Girder Starts at the Pier

Girdet  Vertical Offset | Tub Girder | Variation |

927.5000
927.5000
927.5000

15.3300
26.0000
35.0000

15.3300
26.0000
35.0000

Girder With Varying Transverse Offsets

111

: i - Transverse | Transverse
pader | Skew Angle slat;.:u? End [5"‘1""""‘ Offsot@ | Offset @
1] 1 0.0000 0.0000  927.5000 6.0000 -6.0000
F 2 0.0000 0.0000  927.5000 46700 4.6700
R 3 0.0000 0.0000  927.5000 15.3300 15.3300
4] 4 0.0000 0.0000  500.0000 5 0000 6.0000
5 4 0.0000  500.0000  927.5000
= i
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Cross Frames and Related Geometry

Lateral Bracings

Each cross frame definition may have a corresponding lateral bracing definition. For lateral bracing definitions, the
station of the corresponding cross-frame is treated as the down-station and the station of the previous cross-frame
definition is treated as the up-station. Lateral bracing runs from down-station to up-station in bays defined for the
corresponding cross-frame, and the direction can be specified as Right or Left.

The cross-sectional properties of the lateral bracing can be assigned the same way as for the cross-frame sections. If the
section is None, no lateral bracing is created for the corresponding cross-frame definition. Since the first cross-frame
definition cannot be treated as the down-station for the lateral bracing, the section in the first row should be None.

An example model with lateral bracings can be seen in below screenshots.

Right Lateral Brace

Example Model with Lateral Bracings
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T_-,-pel Seu:tiu:unsl Substringers” Lateral Bracings

Station Connection 5 ection
[fe] @ Weh
1 0.0000 Left Mone
2 20.0000 Right Area: 03472
3 40.0000 Left Area: 03472
4 60.0000 Right Area: 03472
g a0.0000 Left Area: 03472

Oft 20 ft
down-station

Lateral Bracing Definition

Detailed Wind Load Application

Here on, there is more detailed information on how to model wind loads through LARSA 4D's main interface, according
to AASHTO LRFD Bridge Design Specifications.

Wind Load on Superstructure

According to AASHTO LRFD, wind pressure is assumed as uniformly distributed on the area exposed to the wind.
Furthermore, the exposed area must equal the sum of all component “areas,” including any and all floor systems,
railings, and sound barriers, as seen in elevation taken perpendicular to the wind direction.

This direction shall be varied to determine the extreme force effect in the structure or in its components. The skew
angle shall be taken as measured from a perpendicular to the longitudinal axis. The wind direction for design shall be
that which produces the extreme force effect on the component under investigation. The transverse and longitudinal
pressures shall be applied simultaneously. In the table below, there is an example of lateral and longitudinal wind forces
for different attack angles and for 0.050 ksf design pressure.
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Skew Angle of Wind (degrees) Lateral Load (ksf) Longitudinal Load (ksf)
0 0.050 0.000
15 0.044 0.006
30 0.041 0.012
45 0.033 0.016
60 0.017 0.019

The loads on the web plates are generated as plate loads ( kips/ftz). The loads on the flanges are generated as uniform
member loads by multiplying the wind load input by the flange depth (kips or kips-ft). The longitudinal and lateral force
components of a wind with 45 degree skew and design wind pressure Pz = 0.05 ksf are shown in the below screenshot.

Wind Load Components of 45 Degree Skew Angle

These wind forces should be applied on both positive and negative wind directions. After the analysis, an extreme
effect group should be formed to get the most critical loading results.
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I~ wind Load, Day 101
=171 wind Load Pas. [Skew=0)
T‘ Wind Load Poz [Skew=0] [f=1.00]
=11 wind Load Pas. [Skew=15]
T8 wind Load Pos [Skew=15) (f=1.00]
=11 wind Load Pas. [Skew=30]
T8 wind Load Pos [Skew=30] (f=1.00)
=11 wind Load Pas. [Skew=15]
T8 wind Load Pos [Skew=45) (f=1.00]
=11 wind Load Pas. [Skew=50]
T8 Wwind Load Pos (Skew=60) (f=1.00)
=11 wind Load Neg. [Skew=0]
T‘ Wind Load Meg[Skew=0] (f=1.00)
=171 wind Load Neg, [Skew=15)
T8 wind Load Neq(Skew=15] [=1.00)
=171 wind Load Neq, [Skew=30)
T8 wind Load Pos [Skew=30] (f=1.00]
=11 wind Load Meg. [Skew=45)
T8 wind Load Pos [Skew=45) (f=1.00]
=11 wind Load Meg. (Skew=60]
T8 wind Load Neg(Skew=60] [=1.00)

Wind Load With Skew Angle

Wind Load on Sound Barriers/Railings

In the Steel Bridge Module, sound barriers and/or railings are not modeled due to their minor contribution to stiffness.
Only their effect on loading is considered. The wind load on the superstructure above the girders (haunch thickness
+deck thickness+sound barrier/railing height) is transferred to the top flange of the exterior girder as a line force and

moment. The height considered to calculate the line force consists of haunch thickness, deck thickness, and sound
barrier/railing height.

H2
0.05 IcsfE

e /
d Re— N—— |

"

/]
T W -_/

Top flange node

Wind Load on Sound Barrier/Railing TOP, Loads Transferred to the Top Flange Node BOTTOM
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Vertical Wind Load

In cases where the vertical wind load is critical, vertical upward wind load should be applied on the bridge. 0.020 ksf
for Strength III load combination and 0.010 ksf for Service IV load combination times the width of the deck, including
parapets and sidewalks, shall be applied as a line load perpendicular to the longitudinal axis of the bridge. This load
is applied at the windward quarter-point of the deck width in conjunction with the horizontal wind loads. An example
application of vertical wind load is given in the figure below.

|
Wi Graphics View 1 E=n Bl x|

I Gnd | Render Out of Scale Yalue Labels # Decimals: Legend Min Auta| Legend Max Auto

Vertical Wind Load on a Bridge Deck

Wind on Live Load

According to AASHTO LRFD, wind load on live load shall be represented by an interruptible, moving force of 0.10
klf acting transverse to, and 6.0 ft above, the roadway and shall be transmitted to the structure.

For various angles of wind direction, the transverse and longitudinal components of the wind load on live load may
be taken as specified in the table below with the skew angle measured from the perpendicular to the longitudinal axis
of the bridge in plan.

Skew Angle of Wind (degrees) Transverse Component (kIf) Longitudinal Component (klf)

0 0.100 0.000
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Skew Angle of Wind (degrees) Transverse Component (kIf) Longitudinal Component (klf)
15 0.088 0.012
30 0.082 0.024
45 0.066 0.032
60 0.034 0.038

Transverse and longitudiuonal components shall be applied simultaneously. The wind direction for design shall be that
which produces the extreme force effect on the component under investigation.

Similar to the wind load on sound barriers/railings, wind on live load is transferred to the corresponding top flange
node, with a moment arm of roadway height + 6 ft.

Code Check Procedures According to Selected Design Code

The routines followed during the Code Check varies according to the design code selected by the user. It is possible

to select between the AASHTO LRFD 7™, 8™ and 9™ Editions in the Steel Bridge Module. The differences between
the procedures of the design codes can be summarized as follows.

AASHTO LRFD Bridge Design Specifications, 7th Edition
AASHTO LRFD Bridge Design Specifications, 8th Edition

Design Code:

Design Code
7™ Edition: Selected design code by default.
8™ Edition: Updates the fatigue load combination factors.

9™ Edition: Updates the Longitudinal Stiffeners tab under the Code Check Locations with additional inputs
(described in the Web Longitudinal Stiffener section under Code Check for AASHTO LRFD (page 69) of this manual.)

The 9™ Edition of the design specifications also comes with different code check routines on the parameters listed
below.

» The transverse stiffener spacing criteria when deciding the interior web panels are transversely stiffened or
not per Article 6.10.9.1

* The upper limit of the curvature (Z) parameter per Article 6.10.11.3.3
* The computation of Rb, Arw, and awc parameters in the presence of longitudinal stiffeners.

» The calculation of the section properties which includes longitudinal stiffeners of the member per Article
6.10.11.3.1 and D6.2.1.

The Cross Frame Code Check and Rating Tool

While the Steel Bridge Module does not perform code check and rating on cross-frames, the Cross Frame Code Check
and Rating Tool offered in the Features On-Demand can be used for this purpose. In order to download the tool,
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=¢ Go to main menu Tools — |Features On-Demand

=% Find the “Cross Frame” tag under the Feature Tags.

=% Click the “Cross Frame Code Check and Rating” feature and install it to your computer.

Tools | Window Help

'ﬁp] Plugins...

#* QOptions...
STAAD.Pro Tools

Script Window...

Features On-Demand...

Auto-Save Settings...
Custom Result Spreadsheet Fields

Section Composer

LARSA 4D Features On Demand... -

You can explore, install or remove fFeatures using the buttons on the right.

_D-- The currently available on-demand features for your version of LARSA 4D are dizplayed in the list below.

Feature Tags

Available Features

Export

Kin]

0BJ
Clenance
Load R ating
M ember
Moving Load
Monlinear
Mor-linear Temperature |
Shell

Surface
Flate
Substructure
Section

Riating
Code Check

Staged Construction
Time
Age

Cross Frame Code Check and Rating
Crosz Frame Code Check and Rating

Type: Application Author: 'akar Status: Inztalled Last Update: 2/4,/2020

Features On-Demand

After the installation, the tool comes under the Tools menu.
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Tools | Window Help

'ﬁp] Plugins...

W Options...
STAAD.Pro Tools
Seript Window...

Features On-Demand...

Cross Frame Code Check and Rating

Auto-5ave Settings...

Custom Result Spreadsheet Fields

Section Composer

Tools Menu

Before using the tool, you need to make sure that your cross frame member sections are not area sections but the
rolled shapes.

In the Steel Bridge Module, user can specify the section of cross frame members as “Area Only” or “New Standard”.
If you use area sections, after the model generation, you will see that these members have basic rectangular sections
with some arbitrary dimensions and their area equals to the specified value in the module.

Steel Bridge Module...

Sections

The wizard requires additional information. Pleaze fill-in the

Import  Export

W T3 (4] Rl %8 %8 v Arem
Type ” Sections Substringersl Lateral Bracings

St[afttllun Bracing Top Chord Section

Area:
32.0000K 0 Tox17 5 [DB-American]

(Mew Standard)
64.00008 (Area Only)
W91/ .5 [DB-Amencan]

96.0000 WT9x17.5 [DB:American]
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!._l Properties: Section Dimensions

b aterialz \\ Sections

ICS \‘\ Spring Properties \\

| zalator Definitions

Froperties | Stress Recovery Points | | Section Dimenszions

Mame Shape De?it:] [¥] w'?it:] [£)
1 JArea: 034722 Rectangle 2.2360 2.2360
2 |Area: 055556 Rectangle 2.8284 2.8284

Area Sections

To use the tool, you can either specify your cross frame sections as standard shapes in the Steel Bridge Module, or
you can modify the section definition after model generation so that the cross frame members will have standard cross

section shapes.

The tool is available to use with any project, it is not necessary to generate the model using the Steel Bridge Module.
For every rolled section, it will do the code check according to AASHTO LRFD.

You can create a new structure group for interested cross frames to perform code check or you can use the existing

structure groups.

_'_._l Graphics View 1

fZoom B

|- E eS|

Structure Groups

Structure Groups

£5 Add Folder 8 Add Group Bl Auto

I, DeckEdgeModes?

i, Girder 1

] Bndge Module Groupz
s, Girder 1
i, BearingsE0.00

s, _Crossframe G1-G-100.00
(W Cross-frame G1-G-10@16. 00
s, _Lateral Bracing G1-G-1(@16.00
s, _Crossframe G1-G-1(®32.00
s, _Lateral Bracing G1-G-1(@32.00
s, _Crossframe G1-G-1(48.00
s, _Lateral Bracing G1-G-148.00
s, _Crossframe G1-G-1(@64.00
s, _Lateral Bracing G1-G-1(@64.00
s, _Crossframe G1-G-1(80.00

s, _Lateral Bracing G1-G-1@80.00

[

Having rolled sections for the interested cross frames, you can open the tool, go to Input Data tab and enter IDs of the
members that you are interested or you can simply select the corresponding structure group and click Add . Members

will be imported to the tool.
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E Load Rating & Code Check For Cross Frames

Load Rating & Code Check

Fleaze follow the steps to do load rating and code check according o the Manual for Bridge Evaluation & A85HTO .

| Import |

[ [nput Data\Hesult Eu:uml:uinatiu:un"l-._Lcuad Rating &nd Code Check 0

Structure Groups:

| Add |Hem|:|ve| bodify zelected cells... |- Ok |

_Cross-frame G1-G-1616.00

| Memberz

| | Code Check Parameters | | Rating Parameters || Properties [

Member ID

Structure Group

E Load Rating & Code Check For Cross Frames

Load Rating & Code Check

Please follow the steps to do load rating and code check according to the kManual for Bridge Evaluation & A45HTO .

| lmport |

J Input Data . eesult Combination | Load Rating And Code Check

Structure Groups: | Crogs-frame G1-G-1@16.00 e | Add ||Fiem|:|ve| Modify zelected cellz... | 0K |

| Members | | Code Check Parameters | | R ating Parameters | | Properties [
Member B, .
ID Structure Group Sechion Matenal Shape
1 117 _Cross-frame G1-G-1@16.00 WT9x17.5 [DB:American] A709-50 T section - |
2 |18 _Cross-frame G1-G-1@16.00 WT3x17.5 [DB:American] A703-50 T section - |
3 |19 _Cross-frame G1-G-1@16.00 WT9x17.5 [DB:American] Ar09-50 T section - |
4 |20 _Cross-frame G1-G-1@16.00 WT9x17.5 [DB:American] A709-50 T section - |
g -

Add Members from Groups

You can override the member properties coming from the model, also the default code check and rating parameters

of the tool.
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E Load Rating & Code Check For Cross Frames

Load Rating & Code Check

Pleaze follow the zteps to do load rating and code check. according to the Manual for Bridge Evaluation & AA5SHTO .

| Irnpart |

J Imput Data\HesuIt Cormbination ', Load Riating And Code Check ™

Structure Groups: | Cross-frame G1-G-10E16.00 e | Add ||Hemu:we| b odify zelected el | OK |
| tembers | | Code Check Parameters | | R ating Parameters [ | Properties |
Member ID Structure Group Lbx [ft] | Lby [ft] | Lbz [Ft] | Lv [Ft) |1z (in™4] | 1y
1 [17 _Cross-frame G1-G-1@16.00 50833 5.0833 50833 50833 401000 7.€
2 |18 _Cross-frame G1-G-1@16.00 | 7.2087 |7.2087 72087 |7.2087 401000 7k
3 |19 _Cross-frame G1-G-1@16.00 7.5137 | 7.5137 7.5137 75137 401000 7.€
4 |20 _Cross-frame G1-G-1@16.00 5.0833 |5.0833 5.0833 |5.0833 401000 7k
5

You can go to the Result Combination tab and map your result cases.

Member Properties

122



LARSA 4D Manual for the Steel Bridge Module

[ Load Rating & Code Check For Cross Frames = O X

Load Rating & Code Check

Please follow the steps to do load rating and code check according to the Manual for Bridge Evaluation & 885HTO ..

Input Data 1 Fesulk Combination *, Load Rating And Code Check"‘-._\

# Result Cases ¥, Combinations
Sunc Result Create standard Legal Live Loads Pemmit Live Loads
Cazes live load cazes...
Mone ~ Maone e
Load Rating Result Cases
Mone ~ Maone e
DC1: v
Sl Mone ~ Maone e
DC2: v
pe2 Maone ~ Mane ~
Dw: ~
D Maone ~ Mane ~
P: o
Nene Maone ~ Mane ~
Maone ~ Mane ~
Design Live Loads
Mone ~ Mone ~
Inventory:
Mone ~ Mone ~
LL ~
Mone ~ Mone ~
Operating:
L » Mone ~ Mone ~
Mone ~ Mone ~

Mapping of Results Cases

Then you can specify the load factors to be used in the limit state load combinations.

E Load Rating & Code Check For Cross Frames

Load Rating & Code Check

Fleaze follow the steps to do load rating and code check according to the kanual for Bridge Evaluation & Aaa5HTO .

Input Drata 1 Fesult Combination *, Load Rating &nd Code Check."-..

Result Easesy Eombinalions\ ¢=
Ll lifie ) Wit DC DC2 DW p LLI LL Op. | LL Legal | LL Permit
Type State ny. p. ega ermi
1 |Strength  ~ |1 1.25 1.25 1.5 1 1.75 1.35 Modify Modify
2 |Strength LQ 1.25 1.25 15 1 0 0 Modify Maodify
3 |Senice L2 1 1 1 1 1.3 1 Modify Modify
4 |Fatigue hd 0 0 0 0 0.75 0 Modify Modify

Limit State Load Combinations

After that, you can go to the Load Rating And Code Check tab and click Perform Code Check And Rating.
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E Load Rating & Code Check For Cross Frames

Load Rating & Code Check

Pleaze follow the steps to do load rating and code check according to the Manual for Bridoge Evaluation & Ad

Input D ata "J-.xFiesuIt I:-:uml:uinatiun"[ Load R ating &nd Code Eheck\

PERFORM CODE CHECK ™

AND BATING.. 3 dalpsic Fesulte | | Code Check Results | | Load Rating Results |

Perform Code Check

In the opening window, you can run Integrity Check to see potential problems of the input data entered. If the user
does not enter some of the properties that do not apply to input section type, “Fix problems automatically” option can
be selected to ignore the warnings of integrity check for these parameters. Besides, there is a checkbox in this window
to neglect the flexural effect because in most cases, the cross frame members are treated as the truss elements.

E Progress >
— Settings
Mumber of Cade Check and 5 _
Riating Stations Per bMember: h IIZHP:EEEW - ‘ Fun b ‘ ‘ Stap ‘
v Neglect FY, FZ, M, MY, MZ effects. | .

| Report Only Critical Legal And Pemit Cazes

Run Integrity Check
Fix problems automatically

Inteqrity Check...
Searching for the problems. ..

Input data spreadsheet Row = 1 ==> Some of the input CodeCheckParameters(rw rz [z lw ] are ZERQ. Pozsible divizion by zero
Eror.

Input data spreadsheet Row = 1 == Input CodeCheckParameters(n rz [z w1 modified az OME.
Inteqgrity check haz completed...
Mo ermarg were found. Ready for Code Check, & Rating...

Integrity Check

After running integrity check and solving all the problems, if any, you can |[Run the code check and rating.
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m Progress

Settings

Murmber of Code Check and )

Rating Stations Per bMember: 2 - | Rtegrity
Check...

| Meglect B, B2, M, MY, MZ effects.

| Repart Only Critical Legal And Permit Cazes

Input data spreadshest Bow = 4 ==> Input CodeCheckParameters(ny iz 1z w ] modified as OME.

Integrity check again...

Integnty check has completed...

Ma errors were found. Ready for Code Check & Rating...
Saving data...

Loading results [Combination :Strength 1, Inventor(Minimum]] for member 17,
Rezultz [Combination :Strength 1, InventorMinimum])] are loaded succesfully for member 17,
Code Check&R ating [Combination :Strength 1, Irventom(Minirmurm]] are done succesfully for member 17,
Loading results [Combination :Strength 1, Inventor(baximum)) for member 17...

Run

When the code check and rating completed, the member forces that are extracted from the model and used for the

checks will be reported under the |Analysis Results| tab.

m Load Rating & Code Check For Cross Frames

Analysis Results

The |Code Check Results and the Load Rating Results are summarized under the next two tabs.
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Load Rating & Code Check
Please follow the steps to do load rating and code check according to the Manual for Bridge Evaluation & A85HTO ..
| Impart |
Input Data. \'J'-\F!esult Eombinatioﬁ\.f Load Rating &nd Code Check
EPEHTNHDMH%DT%EGE“HEEK » Analysis Besults | | Code Check Results | | Load Rating Results |
Member Limit LL Fx_DL Fx LL Fy DL Fy LL Fz_DL Fz_LL My DL My LL Mz DL Mz LL
D State Qe (kips) [kips) (kips) (kips) (kips) [kips) | (kips-ft) | (kips-ft) | (kips-ft) | (kips-ft)
1 117 Strength 1 Inventory(Min) 12.4604 -22.4003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 |17 Strength 1/ Inventory(Max) 12.4660 26.7130 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 |17 Strength 1 Operating(Min) 12.4604 -17.2802 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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E Load Rating & Code Check For Cross Frames

Load Rating & Code Check
Pleaze follow the steps to do load rating and code check according to the Manual for Bridge Evaluation & AASHTO ..

| Impart |

Input D ata \ _Hesult Combination 1 Load Rating And Code Eheck\'

PEH?NHDMH%DT?SGC&EEK » | | Analysis Results | £ k. Hesdliz] | Load Rating Results | 0

Tension |Compressio Shear Shear Moment Moment - .
- X Y ] S S 3 z 5 - | Combined | Detailed

Member ID | Limit State LL group Capacity | n Capacity | Capacity[Y) | Capacity[Z]) | Capacity(Y] | Capacity[£] | Pass/Fail -
slend.emes slem‘{emes (kips) tkips) (kips) kips) kips-ft) (kips-t) Ratio Report
1 |17 Strength 1 Inventory(Min) 21.86 49.98 244 6250 1202051 |0.0000 0.0000 0.0000 0.0000 PASSED 0.08 Report...
2 |17 Strength 1 Inventory(Masx) 21.86 49.98 244 6250 1202051 |0.0000 0.0000 0.0000 0.0000 PASSED 016 Report...
3 7 Strength 1 Operating(Min} 21.86 49.98 244.6250 1202051 0.0000 0.0000 0.0000 0.0000 PASSED 10.04 Report...
Code Check Results

E Load Rating & Code Check For Cross Frames

Load Rating & Code Check

Pleaze follow the steps to do load rating and code check according to the M anual for Bridge Evaluation & A<

| Impart |

Input D ata ! _Hesult Combination 1 Load Rating Aind Code Eheck\“\&

PEHTNHDMHF&%?&EFHEEK 3 | | Analysiz Results | | Code Check Resultz | k| gad Bating Besults i
Member ID | Limit State LL group Fx Rating Fy Rating Fz R
1 |17 Strength 1 Inventory(Min) 592 0.00 0.00
2 |7 Strength 1 Inventory(Mazx) 5.69 0.00 0.00
3 |17 Strength 1 Operating({Min) 7.68 0.00 0.00
Load Rating Results

Please note that all the computations are reported in the Detailed Report that can be reached through the Report
button under the Code Check Results tab.
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(] petailedreport - O

<< Back

Code Check Detailed Report

Combination : Strength 1, Inventory(Minimum)
Formula Reference

Fx=Critic ctation is found as ==> 2 out of 2. DC1(1.250*12.086)+ DC2(1.250*-3.465)+ DW(1.500*1.114)+ LLinv(1.750*-12 800) = -9.940

Axial Capacity Calculations

Formula Reference

Tensile resistance for vield on gross section

Res. Factor for Yielding * Fy * Rg = 244.6250 AASHTO LRFD 6.8.2.1-1

Tensile resistance for fracture on the net section

Resistance Factor for Fracture = 0.8000 AASHTO LEFD 6.54.2

NetAreaFactor * Rp * U is taken as RAeffFactor = 1.0000 User input

Res. Factor for Fracture * Fu * Ag * RAeffFactor = 2E88.4000 AASHTO LRFD 6.8.2.1-2
Detailed Report
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| ndex

AASHTO LRFD code check, 69
AASHTO LRFD load rating, 95
abutments, 11
bearing, 11
box girder
Appendix, 105
Girders, Cross Frames, and Splice Points, 17
bridge alignment/layout, 11
Bridge Path Coordinate Systems, 11
center line, 11
code check, 69
cross frames
Appendix, 105
Girders, Cross Frames, and Splice Points, 17
deck, 33
deck formation weight, 39
deck plate refinement, 33
deck pouring sequence, 39
future wearing surface, 39
girders
Appendix, 105
Girders, Cross Frames, and Splice Points, 17
haunch thickness
Appendix, 105
Girders, Cross Frames, and Splice Points, 17
heading, 11
| girder
Appendix, 105
Girders, Cross Frames, and Splice Points, 17
influence surface options (Steel Bridge Module), 39
joint location tolerance, 33
live load, 39
load factors (code check), 69
load factors (load rating), 95
load rating, 95
loads (Steel Bridge Module), 39
material (cross frames)
Appendix, 105
Girders, Cross Frames, and Splice Points, 17
material (deck), 33
material (girders)
Appendix, 105
Girders, Cross Frames, and Splice Points, 17
monolithic wearing surface, 39
node location tolerance, 33
overhang, 33
pedestrians, 39
piers, 11
plate girder
Appendix, 105
Girders, Cross Frames, and Splice Points, 17
pouring sequence, 39
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refinement, 33
reports (code check), 69
reports (load rating), 95
screed, 39
section dimensions
Appendix, 105
Girders, Cross Frames, and Splice Points, 17
sidewalk, 39
skew, 11
splice points
Appendix, 105
Girders, Cross Frames, and Splice Points, 17
station
Appendix, 105
Bridge Alignment and Support Conditions, 11
Girders, Cross Frames, and Splice Points, 17
Steel Bridge Module, 7
supports, 11
transverse offset
Appendix, 105
Girders, Cross Frames, and Splice Points, 17
tub girder
Appendix, 105
Girders, Cross Frames, and Splice Points, 17
utility loads, 39
wind load, 39
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		Girder Number		Skew Angle		Begin Station (ft)		End Station (ft)		Transverse Offset @ Start (ft)		Transverse Offset @ End (ft)		Haunch Thickness  (in)		Web Depth (in)		Web Thickness (in)		Top Flange Width (in)		Bottom Flange Width (in)		Top Flange Thickness (in)		Bottom Flange Thickness (in)		Alignment

		1		0		0		116		-16.5		-16.5		4		84		0.5625		15		16		1		1		Default

		1		0		116		140		-16.5		-16.5		4		84		0.625		21		21		1.25		1.5		Default

		1		0		140		160		-16.5		-16.5		4		84		0.625		21		21		2.5		3		Default

		1		0		160		179.0909		-16.5		-16.5		4		84		0.625		21		21		2.5		3		Default

		1		0		179.0909		202		-16.5		-16.5		4		84		0.625		21		21		1.25		1.5		Default

		1		0		202		328		-16.5		-16.5		4		84		0.5625		15		18		1		1		Default

		1		0		328		350.9091		-16.5		-16.5		4		84		0.625		21		21		1.25		1.5		Default

		1		0		350.9091		370		-16.5		-16.5		4		84		0.625		21		21		2.5		3		Default

		1		0		370		390		-16.5		-16.5		4		84		0.625		21		21		2.5		3		Default

		1		0		390		414		-16.5		-16.5		4		84		0.625		21		21		1.25		1.5		Default

		1		0		414		530		-16.5		-16.5		4		84		0.5625		15		16		1		1		Default

		2		0		0		116		-5.5		-5.5		4		84		0.5625		15		16		1		1		Default

		2		0		116		140		-5.5		-5.5		4		84		0.625		18		19		1.25		1.5		Default

		2		0		140		160		-5.5		-5.5		4		84		0.625		18		19		2.5		3		Default

		2		0		160		179.0909		-5.5		-5.5		4		84		0.625		18		19		2.5		3		Default

		2		0		179.0909		202		-5.5		-5.5		4		84		0.625		18		19		1.25		1.5		Default

		2		0		202		328		-5.5		-5.5		4		84		0.5625		15		17		1		1		Default

		2		0		328		350.9091		-5.5		-5.5		4		84		0.625		18		19		1.25		1.5		Default

		2		0		350.9091		370		-5.5		-5.5		4		84		0.625		18		19		2.5		3		Default

		2		0		370		390		-5.5		-5.5		4		84		0.625		18		19		2.5		3		Default

		2		0		390		414		-5.5		-5.5		4		84		0.625		18		19		1.25		1.5		Default

		2		0		414		530		-5.5		-5.5		4		84		0.5625		15		16		1		1		Default

		3		0		0		116		5.5		5.5		4		84		0.5625		16		18		1		1		Default

		3		0		116		140		5.5		5.5		4		84		0.625		20		21		1.25		1.5		Default

		3		0		140		160		5.5		5.5		4		84		0.625		20		21		2.5		3		Default

		3		0		160		179.0909		5.5		5.5		4		84		0.625		20		21		2.5		3		Default

		3		0		179.0909		202		5.5		5.5		4		84		0.625		20		21		1.25		1.5		Default

		3		0		202		328		5.5		5.5		4		84		0.5625		15		20		1		1		Default

		3		0		328		350.9091		5.5		5.5		4		84		0.625		20		21		1.25		1.5		Default

		3		0		350.9091		370		5.5		5.5		4		84		0.625		20		21		2.5		3		Default

		3		0		370		390		5.5		5.5		4		84		0.625		20		21		2.5		3		Default

		3		0		390		414		5.5		5.5		4		84		0.625		20		21		1.25		1.5		Default

		3		0		414		530		5.5		5.5		4		84		0.5625		16		18		1		1		Default

		4		0		0		32.24		16.5		16.5		4		84		0.5625		20		21		1		1		Default

		4		0		32.24		116		16.5		16.5		4		84		0.5625		20		21		1		1.5		Default

		4		0		116		140		16.5		16.5		4		84		0.625		28		27		1.25		1.5		Default

		4		0		140		160		16.5		16.5		4		84		0.625		28		27		2.5		3		Default

		4		0		160		179.0909		16.5		16.5		4		84		0.625		28		27		2.5		3		Default

		4		0		179.0909		202		16.5		16.5		4		84		0.625		28		27		1.25		1.5		Default

		4		0		202		328		16.5		16.5		4		84		0.5625		17		21		1		1.5		Default

		4		0		328		350.9091		16.5		16.5		4		84		0.625		28		27		1.25		1.5		Default

		4		0		350.9091		370		16.5		16.5		4		84		0.625		28		27		2.5		3		Default

		4		0		370		390		16.5		16.5		4		84		0.625		28		27		2.5		3		Default

		4		0		390		414		16.5		16.5		4		84		0.625		28		27		1.25		1.5		Default

		4		0		414		446.24		16.5		16.5		4		84		0.5625		20		21		1		1.5		Default

		4		0		446.24		530		16.5		16.5		4		84		0.5625		20		21		1		1		Default




		Cross Frames - Type Input Data																Cross Frames - Sections Input Data								

		Station (ft)		Type		Dist. from Bot. of Top Flange (in)		Depth (in)		Skew (deg)		Location		Bays				Station (ft)		Bracing Top Chord Section		Bracing Bot. Chord Section		Bracing Diagonal Section		Diaphragm Thickness (in)

		0		K Type (2)		10		64		0		External		ALL				0		Area:  .03472		Area:  .03472		Area:  .03472		0

		20		X Type		0		0		0		External		ALL				20		None		None		Area:  .03472		0

		40		X Type		0		0		0		External		ALL				40		None		None		Area:  .03472		0

		60		X Type		0		0		0		External		ALL				60		None		None		Area:  .03472		0

		80		X Type		0		0		0		External		ALL				80		None		None		Area:  .03472		0

		100		X Type		0		0		0		External		ALL				100		None		None		Area:  .03472		0

		120		X Type		0		0		0		External		ALL				120		None		None		Area:  .03472		0

		140		X Type		0		0		0		External		ALL				140		None		None		Area:  .03472		0

		160		K Type (2)		0		0		0		External		ALL				160		Area:  .03472		Area:  .03472		Area:  .03472		0

		179.09		X Type		0		0		0		External		ALL				179.09		None		None		Area:  .03472		0

		198.18		X Type		0		0		0		External		ALL				198.18		None		None		Area:  .03472		0

		217.27		X Type		0		0		0		External		1,3				217.27		None		None		Area:  .03472		0

		236.36		X Type		0		0		0		External		 2-3				236.36		None		None		Area:  .03472		0

		255.45		X Type		0		0		0		External		 1-2				255.45		None		None		Area:  .03472		0

		274.55		X Type		0		0		0		External		ALL				274.55		None		None		Area:  .03472		0

		293.64		X Type		0		0		0		External		ALL				293.64		None		None		Area:  .03472		0

		312.73		X Type		0		0		0		External		ALL				312.73		None		None		Area:  .03472		0

		331.82		X Type		0		0		0		External		ALL				331.82		None		None		Area:  .03472		0

		350.91		X Type		0		0		0		External		ALL				350.91		None		None		Area:  .03472		0

		370		K Type (2)		0		0		0		External		ALL				370		Area:  .03472		Area:  .03472		Area:  .03472		0

		390		X Type		0		0		0		External		ALL				390		None		None		Area:  .03472		0

		410		X Type		0		0		0		External		ALL				410		None		None		Area:  .03472		0

		430		X Type		0		0		0		External		ALL				430		None		None		Area:  .03472		0

		450		X Type		0		0		0		External		ALL				450		None		None		Area:  .03472		0

		470		X Type		0		0		0		External		ALL				470		None		None		Area:  .03472		0

		490		X Type		0		0		0		External		ALL				490		None		None		Area:  .03472		0

		510		X Type		0		0		0		External		ALL				510		None		None		Area:  .03472		0

		530		K Type (2)		0		0		0		External		ALL				530		Area:  .03472		Area:  .03472		Area:  .03472		0



