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Introduction

About This Manual

This tutorial provides an overview for using LARSA 4D for the analysis of a three-span continuous straight composite
steel I-girder bridge.

The example bridge in this guide consists of an I-shape cross-section. It has three spans of 100 feet each. The bearings
at the abutments and at Pier 2 are fixed in elevation and transverse directions. The bearings at Pier 1 are fixed in
translation in all directions.

| 100 ft | 100 ft | 100 ft |

Abutment 1 Pier 1 Pier 2 Abutment 2

A Three-Span Bridge

The bridge cross-section consists of four girders spaced at 12 feet with 3 feet overhangs. The deck slab thickness is
9 inches.

9"Deck Slab j

\ \
] A N A

|_3I'0“ 12'-0" I 12'-0" I 12'-0" I 3I'OII_|

The Cross-Section of the Bridge

The cross-section of the girders is an I-shape as given below:
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b=16.

tf=1.5¥'_'_ii

Girder Cross-Section (units: inch)

Key Concepts

In the first half of this guide we will create the LARSA 4D model by:
* Setting project units
* Importing materials and custom parametric sections
» Creating joints in the spreadsheets
* Drawing members and creating members in the spreadsheets
» Refining the model using Break Members
* Creating shells using the Generation Tool
* Creating bearings using rigid members
» Creating structure groups
* Creating a self-weight load case

* Viewing the results of a linear static analysis with graphical results and results spreadsheets

In the second half of this guide we will cover several analysis techniques:
* Live load analysis for AASHTO LRFD with influence surfaces

* Drawing Loads
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» Temporary Loads

* Setting up construction stages
» Time Effect on Modulus

+ Staged Construction Analysis

* Compound Element Forces

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@larsad4d.com.
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Using LARSA 4D

Screen Overview

The LARSA 4D screen looks like the window in the figure below. In addition to the usual components of a Windows
application, like the menu bar and the tool bar, LARSA 4D has a window bar at the bottom of the screen to switch
between open windows — such as graphics windows and spreadsheets — and what we call Explorers on the right
side of the screen.

Eile View Graphics Selection Draw Modify Input Data Analysis Results Design Jools Window Help Menu Bar
DEH 83 5 43

PRI SPEL L QA @ S[B] k m-m-in HE
EI@ Model Load Group Stage  Results

= ]
| Model Data

W Graphics View 1
Foom 9.313%

Joints ~

Graphics 9
16 Joints selected =

ID & Location [ft) A
1n] I 190,191,192,193.. |

X

hd

z -B.3750

Restraints
Trans. ¥
Trans. ¥ =
Trans. 2 =
Rat ¥ O
O
O

Rat. v
Rat. Z

Miscellaneous

Disp UCS Global |

Geomety | Loads]

- l N
| Grid | [JRender Out of Scale [ alue Labels # Decimals: Legend Min Auto? [2g

| Graphics View 1 |Window Bar I

Done. Undo File: 0. MB

LARSA 4D

The Input Data menu on the menu bar is one of the most commonly accessed menus, containing commands for
accessing all of the input spreadsheets, importing properties, changing units, connecting databases, etc.

The Explorers are docked on the right-hand side of the screen. The Model Data Explorer is shown above. This explorer
is a rapid way of editing the geometry of a project. The other explorers are used to create load cases, structure groups,
and construction stages, and to view results.
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LARSA’s Terminology

Here are some of the special terms LARSA 4D uses:

» “Properties” refer to the project input that defines the behavior of the elements in the model, including
material properties, cross-sectional properties, etc.

» “Geometry” refers to the joints and elements that make up the structure.

» “Joints” are connection points, or nodes, between elements. Joints have 6 degrees of freedom (DOF), three
directions in translation and three in rotation.

* “Members” are 2-node elements, including beams and beam-columns, cables and trusses.

Basic Modeling Procedure

LARSA 4D users normally follow these steps when creating a new model:
* Set project units from Input Data — Units .
» Import material properties from Input Datal — Materials .
» Import section properties from Input Data — Sections .

* Create the geometry, either by drawing, using the spreadsheets ( Input Data. — Geometry ), the Model Data
Explorer or Generation Tools.

* Create load cases and load combinations, either using the spreadsheets ((Input Data — |Load Cases &
Combinations ), or the Load Cases Explorer.

* Running an analysis.

* Inspecting results graphically and numerically ( Results — Spreadsheets ).

The rest of this manual will illustrate these steps.

10
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We will now begin the tutorial.
=% Open LARSA 4D, or if LARSA 4D is already

=% Save the project, such as with the name “basic

Units in LARSA 4D come in six categories: coordinates, sections, materials, loads, springs/isolators, mass elements.
Each category can make use of different units for convenience. Coordinates are often entered in meters or feet, while
sections are often specified in inches or centimeters. The Units window is arranged in a grid, with the unit categories
arranged vertically and the unit types (length, force, temperature) horizontally.

Getting Started

open start a new project.

bridge example”.

=% Set the units to be used in the project with the | Input Data — Units command.

LARSA 4D - basic bridge exarmple.lar
File View Graphics Selection Draw Modify

NECH O3 E
@O PPpL s QAR

Input Data | Analysis Results Design Tools Window Help

5@ Properties
Ell Geometry
B Structure Groups

WY Graphics View 1
Zoom 1,000

i) Load Cases & Combinations
i Loads

i#H Construction Stages
HH Construction Stage Activities

o

& Construction Stage Editor

Materials...

Sections...

Ctrl+F1
Ctrl+F2
Ctrl+F4

Ctrl+F3

| Units...

Coordinate System...
1= Construction Grids

Universal Restraints...

?| Connect Databases...

"V: Edit Databases...
Integrity Check...
Auto Load Combinations...

Time History for Live Load...

Input Data Menu

The units should be as indicated in the figure below.

11
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Units
Input Units.
Length Unit Force Unit Temperature Unit M tric
Coordinates: feet [ft) w | |
_I mperial
Section: inches (in] V | |
Material: inches (in] ~ | |Pound[Ib] ~| | Fatvenheit ['F] e Apely Conversion
Loads: feet [ft] ~ Kipz [kips] ~ Fahrenheit [°F] ~ Change Labels
Springs/lsolators: | oy iy ~ Kipsz [kips] ~
Cancel
Mass: feset [ft) ~ Kips [kips) ~
Help

Units

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 will use Change Labels to set the project's units without applying a unit conversion.

m% Click Change Labels| button.

=% Set up initial visual display options in the Graphics| — Show command, which controls which aspects of the
project model are included in the graphics view. Be sure Joints, Members, Shells, Lanes, and Supports under
Display Objects are turned on.

LARSA 4D - basic bridge example.lar
File View | Graphics | Selection Draw Modify |nput Data Analysis Results Design Toc

=] 7 Redraw i 2

@ @ (- Show.. la ¢ @ @£ o1
3 Named Views... Shift+F7

ﬂGraphi "

Shrink
Hide Unselected

Q, Find...

HY Measure Distance

Foom 1.

Orthegraphic Projection
O Perspective Projection
<. Simple Rendering

E Complete Rendering

Graphics Menu

12
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Graphics Display Options

Dizplay Objects ] Dizplay Icons] Labels]

Geometry e Mizcellanzous Ok
Jaints Joinks .
- Supports Coordinate Systems m
Plates [ SlaveMasters Input Loads —

Co
L] Springs [ Analyzed Loads
[lsolatars Members
e

[ tdasses [J5pans BAAress
[ Tendons Offgets Construction Grids

Lanes/Surfaces Transparency

Members w ﬁ

The Show Command

13



LARSA 4D Introductory Training Manual for Steel Bridges

14



LARSA 4D Introductory Training Manual for Steel Bridges

Properties

Before starting on the geometry of the project, we will bring in material and section properties to assign to the girder
and the deck.

Material Properties

=% [n the Input Data menu, choose the Materials tool. It is shown below.

Standard Materials x
steel b A709-50
4529 ~ e :
R Modulus of Elasticity: 2 9e7 Ibfin?
A572-G50 Shear Modulus: 1.12e7 Ibfin®
ART2-GRO . . -
ABT2.GES Unit Weight: 0.28357 Ibfin?
A588 Thermal Expansion: 6.5 1/°F*10™-6
AE15-G40
#E15-GED ield Stress: 50.000. Ibfin®
ABT5-G75 Fu or fc28: 70,000. Ibin?
v a0 Tendon GUTS: o
AT03-70
A2 v Cement Hardening Type: Not Concrete

Open Custom D atabaze Help Cancel

Importing Standard Materials

The materials tool presents a database of common material properties. They are not available for use until they are
imported into the project.

=% Select the Steel category and choose a steel material appropriate for the girders, such as A709-50. Click the
material so it is checked.

=% Change to the Concrete category and choose a material appropriate for the deck, such as Fc_4. Click the
material so it is checked.

m% Click OK to import the materials.

=% (o to | Input Data — Properties and review the materials added to the project.

15
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o

ﬂ Properties: Material Properties EI@
Materials Sections \ cs \ Spring Properties \ lzolator Definitions \ k4 aterial Time Effects \ Temperature Curve \

Basic Properties  More Properties

. f Shear q A Thermal ~
Name Mndulu(slbc}finl-illastlcuty Pglasézn ";I';ﬂ:::g]s Un[lltb:"ir:-"l]ghl E"E?T?Em Assigned
1 JAT09-50 29,000,000 0.2946 11,200,000. 0.2836 6500000 No
2 |Fc 4 3,605,000. 0.1697  1,541,000. 0.0868 5500000 No
3
< Flw

Show Only Selected Objects

Materials Spreadsheet

Cross-Section Properties

We will use a parametric cross-section shape for the I-section, which comes in LARSA 4D’s custom section shape
library.

=% Go to | Input Data — Sections .

=% Click the Custom tab.

=% Find the | Beam group, expand the group by double-clicking it, and choose Symmetrical I-Beam.
The shape is customized by setting its name and four dimension parameters.

=% Set the name and parameters according to the figure below.

Standard / Custom Sections

Standard CuSton [in] Symmetrical I-Beam el Member +7
- —
+ Plate Bog Giders Section Name ) === 4

#-B asic Shapes Girder |-Section

#-Columnz
#-Box Beams
#-Box Girders
#-T Beam

t 1.000
L Beam by 0,560

Py
AASHTO Type L 1L 1V

SASHTO Type V. VI i
Symmetrical |-Beam B e e e e e
Unzprmmetrical |-Beam drpezz Member +Z
‘washington State Type 120
‘Washington State Type LILILY

#-Steel Box Girders

Depth [d)
@ Import Cancel

Shaow dimension linez

Importing a custom I-shape section

16
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mr% Click Import to bring the section definition into the project.

LARSA 4D will ask whether it is OK to create a new parametric section database for the model in which to put the
section definition.

=% Click OK and save the file along with your project. You may use the file name “basic bridge example sections”.

=% Go to Input Data — Properties and change to the Sections| tab.
You will see that the Girder I-Section is added to the project.

Because the torsion constant can take a long time to compute, it is zero by default.

=% To calculate the torsion constant for the section, right click the row of this section definition in the spreadsheet
and select Calculate Properties .

g Properties: Sections EI@
Materials *  Sections ' UCSY_  SpringPropeties ™, lsolator Defiriions % Material Time Effects % Temperature Curve

Properties Stress Recovery Paints ‘ Section Dimensions ‘

Section Area| Shear Area | Shear Area
Hame [ire)

Torsion - - Plastic Plastic - - Residual )
inyy () | inzz r) | Comstent e | e s Fery " | i fhacy | Dustiity Sl | At
1 _|Girder I-Section 64 4800 644800 64 4800 0.0000 36,955.8933 683.5155 0.0000 0.0000 1828800 (NONE) 0 0 No
2 Cut
Copy
Paste

Insert Rows

Delete Rows

Surn Selected Cells
Apply Formula
Generate Graph

Calculate Properties
Edit Section

Edit Parameters

Edit Yield Surface
Rebars

Moment(y) Curvature

Moment(z) Curvature

< 3| v

Show Only Selected Objects

Sections Spreadsheet

For More Information, please refer to the following documentation.

* Properties in LARSA 4D Reference Manual.

17
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Geometry

Because this model is of a straight bridge, we will lay out the geometry along the global x-axis starting at 0. The piers
will be at 100 feet and 200 feet. The final abutment will be at 300 feet. The elevation axis will be the global z-axis.

There are several ways to enter geometry in LARSA 4D: using spreadsheets, the Model Data Explorer, drawing the
geometry graphically with the mouse, the generation and transformation tools, and importing geometry from other
programs such as Excel or CAD software. We will start by using the spreadsheets in this tutorial.

Model geometry in this tutorial consists of three types of objects: joints, members, and shells. Joints represent
connection points between elements and have six degrees of freedom. Members are two-node line elements. They will
be used to represent the girder. Shells are planar elements with constant thickness, either triangular or quadrilateral
in shape, with isotropic material properties. They have both plate bending (out-of-plane action) and plane stress
(membrane actions, in-plane action) stiffness.

Joints

We will begin the model by creating the first span. After we complete the first span, we will use generation tools to
clone it into the second and third spans.

=% Open the geometry spreadsheets using Input Data — Geometry . The Joints spreadsheet is the first
spreadsheet that opens in the Geometry group.

=% In the blank row, enter the coordinates (0, 0, 0). After the first value is entered, the row becomes initialized as a
joint.
Spreadsheets always have a final blank row which is used to enter more data.

=% Repeat this to enter another joint at (100, 0, 0).

Wi Joints [l
Joints Members \ Flates \ Springs \ Maszs Elements \\ lzolators \ Tendons \\ Lanes/Surfaces \ Bricks \\‘

Jaints SlaveMasters | Rigid Links |

1D [ﬁ] [;';] [ﬁ] T'aBT:Il?_—lmn HCE;E‘;:U" Displacement UC5 | Assignment
1 1 0.0000 0.0000 0.0000 all free all free Global Mo
2 2 I 100.0000' 0.0000 0.0000 all free all free Global Mo
3
£ > w
1 Show Only Selected Objects

Joints Spreadsheet

Members

To create the girder, it is also possible to use a spreadsheet. We will instead use the drawing tool to show more of the
capabilities of LARSA 4D.

19
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e Change to the Graphics View window by clicking the window button at the bottom of the screen.

=% Click the Zoom Extents tool on the tool bar to properly position the joints on the screen.

R ¥ @ @ P
Zoom Extents
Zoom Extents
The drawing command allows us to click the joints where members should go.

=% Inthe Draw menu, activate Geometry — Members .

LARSA 4D - basic bridge example.lar
Eile ¥iew Graphics Selection | Draw | Medify Input Data Analysis Results Design Jools Window Help

NEH aa A Draw k
@@ I T <> o (| Geomety b % Joints
Loads 4 |'\. Members
¥ Graphics View 1
B4 Graphics View From Selected Members b |™~ Spans
Zoom 1.000K _ B Plates D
Generation...
Mesh... !‘ Springs
Templates.. Isolators

+HY4 Measure Distance

Mesh Plates from Members

Mesh Plates From Existing Joints...

Define Loads On Deck

Draw Menu

=% [n the Model Data Explorer on the right-hand side of the screen, choose the appropriate section (“Girder I-
Section”) and material (“A709-50”) for the girder under the Properties heading. Also set orientation angle to
90 degrees, which is the usual convention for horizontal members.

No other fields in the Model Data Explorer need to be set now.

=% Click the left joint (and then release the mouse button) to start drawing a member from that joint. Then click the
right joint to complete drawing the member for the first span.

The member is created with the section, material, and orientation angle we chose.

20
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Wy Graphics View 1
Fonra A QNN

2D Plane Y
Global>Z 0 oflf
Faint Ta Paint ~
[ Length 10.00 ()
[ Diirection 45"
Increment: 0.00 [Fe)
Break 1

e

(=2 s

L ] L ]
LocallICs
‘ Grid Render Out of Scale [J%alue Labels # Decimals: | -1 Legend Min Auto P aer

Model Load Group  Stage Results
B i}
Model Data

Members i

Drrawing Members using the properties =

below.

ID & Span Joints ~
0
Start Joint
End Jaint

Properties
Type Beam -
Section Girder |-Section -

End Section  [zame as start) -
M aterial A709-50 -
Angle 30,0000

Rigid Zone [x/L)

From Start 0.0000
Fram End 0.0000

Miscellaneous(kips]

Prestress Forc 0.0000

End Releases
|-Fx Fixed -

BEH Fixed -
|-bdy Fixed -
|-kz Fixed -
JFx Fixed -
J-p Fixed -
Lkd Cinma v

Geometry | Loads J

Drawing Members

=% To end the drawing operation, close the floating Draw Members window by clicking on its X close button.

=% Check that the member has been set up correctly by going to the geometry spreadsheets using Input Data —
Geometry . The Members spreadsheet is the second spreadsheet that opens in the Geometry group.

m% Return to Graphics View 1 window. Go to Graphics — Complete Rendering to view the model in complete

rendering. You may want to use the graphics rotation tools to get a better view.

21
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i Members (o [O]nSa]
Joints \ Members \ Plates \ Springs \ Mass Elements \ |solators \ Tendonz \ Lanes/Surfaces \ Bricks \

I Members  Member End Offzets I Member End Releases | Spanz I Member End Nonlinear Springs I

h
1D I-Joint | J-Joint | Span Type Section at S5tart | S5ection at End Material FuPrl::l{E?:s] Length [ft)
1 1 1 2 - Beam Girder I-Section  (same as start) A709-50 0.0000 100.0004
2
< 3w

[ Show Only Selected Objects

ﬂ Graphics View 1 E\@

Loom 5960

i

I Grid | [ Render Out of Scale [+ alue Labels #t Decimals: | -1 Legend Min Auta| Legend Max ko

Y
LDCE‘E"JCS Axe
?

Graphics Wiew 1 ” Members

Members spreadsheet and complete rendering of the model

m® Turn off complete rendering using Graphics — Simple Rendering| and if necessary return the graphics view to

side view by clicking Front Plane button on the toolbar.

Refining the Model

We will break members before adding other girder members and the deck to the model.

Before running an analysis, it is important to break up long member elements into small pieces. Displacements are
computed only at the locations of joints in the model, so it is necessary to put joints at intermediate locations on each

span.

We will use the Break Members tool to break the existing member into smaller pieces. The Break Members tool

operates on selected geometry (only).

=% Go to Modify — Break Members .
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LARSA 4D - basic bridge example.lar
File View Graphics Selection Draw | Modify | Input Data Analysis Results Design Toels Window Help

DEH @S9 &g Unde oz By v

T 1a Ra! CP CP%G .4@ Redo Ctrl+¥Y -
&/ FErase [

ﬂ Graphics View 1 "

o Translate..,
Zoom 1.000% Rotate...

Mirrar...
IE Scale...

Skew...

= Sag Cable..

Make Joints Collinear...

| Break Members...
EE‘ Break Plates...

Break Intersecting Members

Slice Plates with Members

Merge Joints...

Join Members

Delete Loads
Joints 4
Mermbers 4
Renumber...

Transform Members to Plates..,

Slave B Master

Modify Menu

=% Enter 20 for the number of segments and then click OK|.
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ﬂ Graphics View 1 EI@

Zoom 1.563% @

Apply Transformation

Break Selected Members
# Segments
Break Pointz [0.0 b 1.0, from start
|IJ.IJSDDD 010000 ;015000 ; 0.20000 ;

Loads will be zplit amang broken
mernbers

Help Caticel

I 0o
Ii_-)( iy

LDC?IIIFCS A

I Gnd | Render Dut of Scale [J%alue Labels # Decimalz: . -1 Legend Min At Legend Max Auto ?

Breaking Members

By breaking the span into 20 segments with 5-foot segment length, we make it possible to create cross frames, girder
section transitions, and other things that align with that interval. For example, if there is a cross frame every 15 feet,
a 5-foot segment length will be convenient for adding cross frames.

Generation Tool and Composite Section

We will generate the model using generation tools which quickly generate new structural elements by copying,
extrusion, and meshing.

The below figure shows the procedure that we will follow. First, we will use the Extrusion command to extrude the
existing member into shells that make up the deck. Then, we will use the extrusion command second and third times to
generate deck overhang shells. Finally, we will use the Repeated Copy command and generate other spans by copying
the first span.

3 extrusion

1 extrusion

2 extrusion

Generation

=% Open the Generation Tool using Draw — Generation .

24
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=% Select the Extrusion command by clicking on its name in the listing on the left of the window.

Extrusion will extrude selected joints into members or selected members into shells along the given direction, by also
repeating the joints or members. Since we have 12 ft girder spacing, we can use 3 repetitions to generate 4 girders and
the shells in between. Instead of this, we will use 6 ft spacing with 6 repetitions in order to mesh deck shells. As a
result, some extra members will be generated but we will remove them from the model afterwards.

=% Select element type as Shells (and make sure Members is unchecked), enter Delta Y as 6 ft with 6 repetitions.

Generation

5 =
B 77

Extrusion

=

Framework

—>

==\

Repeated Copy

Span Meshing

x

Extrusion

Generation Coordinate System

Global Coordinate System v @ He.c:tar?gular
[Global Coordinate System) O Cylindrical
() Spherical

# Fepetitions: E Element Type

Dielta = 0 Members
Delta " B ft
Delta Z: 0
Merge Duplicate Joints oK
[ Copy tendones, lanes, and surfaces with members
|:| Update Exizting Groups with the Mew Elements Cancel
Help

Generation Tool - Extrusion

=% Switch to top view by clicking Top Plane on the toolbar. Press [\l twice in order to see the member IDs and
verify that vertical lines do not have a number. After verifying, keep pressing | until the numbers disappear.

25
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Wil Graphics View 1 =R IR

Zoom 1.563% @

1. }

I Giid Fiendsr Dut of Scale [Jvalue Labels #Decimals:| 1| Legend Min o] Legend Max o 2

Extrusion

Now we will extrude the exterior girders to create shells for the overhang.

=% Unselect all elements using Selection — Unselect Objects| — Unselect All .

LARSA 4D - basic bridge example.lar

File View Graphics |Selection | Draw Meodify |nput Data Analysis Results Design Toels Window Help
RE=2" I (j“!? Select Previous L-3c3= 2] 21| «
(L, Select Next - u
@@OT <R ~Tet | J
Select Objects 4
B4 Graphics View 1 [ Uncelect Objects Y | Unselectal  shifteFs |
Zoora 10007 Select Special... = All Joints v
Select by Plane... 7 Al Members
Select by Polygon... 1 All Plates
Invert Selection ~ All Springs
Include Element Joints zas AllIsolators
Select Joints of Selected Objects All Loads
L* Graphically Select: Al >

Selection Menu
=% Using the toolbar, activate the graphical selection tool.

The mouse can now be used in the graphics window to select elements.

m% Click-and-drag a window around the first girder to select the joints and members that make up the girder.
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@ROT <P ELE L Qaaad a$f |z
Y Graphics View 1 E=N(EE

Foom 1.563%

e e e L A e~ e G
A A A A T A A A A A A S A A
1 1 1 1 | | 1 1 1 1 | 1 | | 1 1 1 1 1 1 1
S AP R PR SRR D SRS S S AR AP QUM QS SRS S SH SR QU QR
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Select Graphically

Like in other CAD software, drawing windows from right to left and from left to right are different. If you drag from
right to left, make sure you do not include any other girder in your selection window. If you drag from left to right,
make sure all of the girder is contained within the window you draw.

=% Open the Generation Tool again and extrude the selected member by entering Delta Y as -3 ft with 1 repetition
(make sure Members is unchecked).

=% Unselect all elements and repeat the same procedure for the last girder by entering Delta Y as 3 ft.
m% After extrusion, select all elements using Selection — Select Objects — Select All.

=% Using the toolbar, change graphics view to the Side Plane, and turn on Local Axis icons from Graphics —
Show — Display Icons .

Graphics Display Options

Dizplay Dbiectsl Dizplay lcong ] Labels]

| Si ok
Digin con Size

() Smal
Local Axes @) Large Help

0 Member Qrientation,
Rigid Zones. Releazes

Turn on Local Axes in Graphics Display Options
27



LARSA 4D Introductory Training Manual for Steel Bridges

The local axes of shells that are extruded in -Y direction are different from the others.

WY Graphics View 1 =N(En =

Zoom 3.052%

J<T<T<T<T<T<Eg

1 .

LocalfUCs Axes

| Grid Fender Dut of Scale Walue Labels # Decimals: Legend kin Auto| Legend Max Auta 7

Local Axes of Shells

=% Go to Modify — |Shells and choose Put Local Axes in Same Direction .

m% After seeing the local axes in the same direction in the graphics view, turn off local axes icons in Graphics —
Show — Display Icons .

=% Go to | Input Data — Geometry — Shells to open the shells spreadsheeet.
m¢ Click the column header for the Thickness column to select the entire column.

=% In the spreadsheet edit tool in the toolbar, which we call the Edit Bar, enter 9 inches, then click the checkmark
to apply the change to the selected cells.

=% Using a similar process, set the material of all of the shells to Fc_4.

At this step, the extra members that are generated as a result of repetitions can be clearly seen in the Complete
Rendering.
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Wi Graphics View 1 [E= BB 5

Zoom 3.815% @

N

I Grid | [ Render Dut of Scale [Cdvalue Labels # Decimals: 1 Legend Min Auto| Legend Max Auto Fl

v

Local/UCS Axes

Extra Members in Complete Rendering

=% Using the selection tools in the menu, unselect all elements. Then using the graphical selection tool, select the
extra members graphically. Go to Modify and Erase| the selected members. A total of 100 members should be
deleted.
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W4 Graphics View 1 E=8 E=R )

Zoam 1.5663X
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Iy

Local/lUCS Axes

Model After Deleting Extra Members

The last step for modeling the girders and deck is using member end offsets to position the centroid of the girder
members half of the girder depth plus half of the deck thickness below the centroid of the deck shell elements.

=% (o to Input Data — Geometry — Members and switch to Member End Offsets| tab.

¢ Click on the I-Offset Z column header to select all cells in the column. In the Edit Bar in the toolbar, enter
-2.875 ft, and then click the checkmark to update the selected cells. Do the same for J-Offset Z column.
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DEH Og 9 $ Ba@ Ldd do-3aie 4] 2] o~ 2875

<5} [

(| ===
Jaints \ Members Flates \ Springs \ Mazz Elements \ lzolators \ Tendons \ Lanes/Surfaces \ Bricks \
Members Member End Dffsets Member End Releases | Spanz | Member End Manlinear Springs |
1-Offset 1-Offset 1-Offset J-Offset J-Dffset J-Offset R
D X Y z X Y z
(ft) (ft) (ft) (ft) (ft) [ft)
1 1 0.0000 0.0000 -2.8750 0.0000 0.0000 -2.8750
2 2 0.0000 0.0000 -2.8750 0.0000 0.0000 -2.8750
3 3 0.0000 0.0000 -2.8750 0.0000 0.0000 -2.8750
4 4 0.0000 0.0000 -2.8750 0.0000 0.0000 -2.8750
£ AR
[] Shaw Orly Selected Objects
(| ===
Zoom 3.818%
hl 7Y
LocallUCS Axes
| Grid | []Render Out of Scale Walue Labels # Decimals: Legend kin Auto) Legend b ax Ao 7
Member End Offsets

Abutments and Piers

To model the actual location of bearings at abutments and piers, joints will be created at the bottom of the girders.
Rigid members will be added between the center of the deck and the new bearing joints.

We will create a new material sharing similar properties with girder steel and also a new section with section properties
10 times larger than the girder section (When creating a rigid section, making its properties 10 times larger than or even
equal to the largest section present is usually sufficient). These properties will be used to create rigid line elements.
Note that the Unit Weight of the rigid material is zero so that LARSA 4D does not automatically apply any self weight
loading for those elements.

=% Go to | Input Data — Properties and enter properties as seen in the below figure.
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¥l Properties: Material Properties

Materials Sections \ UES\ Spring Properties \ lgolatar Definitions \ Material Time Effects \ Ternperature Curve \

Basic Properties tore Properties | Orthatropic Properties |

Hame E"I‘:sc:::!_::; FI-!] Puﬁs:t?:'s Mugl:}z:rlﬁl Unflthwr?]ght W= Ej;par_]smn et Assigned
[Ibfin?) [Ib4in®]
1 |AT09-50 2.90e7 0.2946 1.12e7 0.2836 6.500000 Yes
2 |Fc 4 3,605,000.00 0.1697|1,541,000.00 0.0868 5.500000 Yes
3 |Rigid Material 2.90e7 0.2946 1.12e7 0.0000 0.000000 Yes
4

Rigid Material

W4 Properties: Sections
Materisls %, Sections . UCSY,  GpingPropeties % leolator Definitions * Material Time Effects %, Temperatus Curve

Propetties _Sliess Fiecovery Foints | _Section Dimensians |

! Torsion ! Plastic Plastic ] . !
Section Area| Shear Area | Shear Area Inertia Izz | Inentia lyy Perimeter | _Material - Residual
Name (i) inyy i) | in 2z (i) '3“.“*.‘"]"’ (in"4) (in"4) ‘ ”“di‘i'r“‘;; e "‘“";‘i'n,“i Zzz (in) Time-Effect | Ductility ‘ Strength (%] | Assianed
1 _|Rigid Connection 644.8000 644.5000 644.5000 133.9420 3.6945e5 3.6955e5 0.0000 0.0000 0.0000 (NONE) 50. 0. Yes
2 |Girder I-Section 64.4300 64.4800 64.4800 13.3942 36,955.8933 683.5155 0.0000 0.0000 162.8800 (NONE) 0. 0. Yes
3
Rigid Section

=% Switch back to Simple Rendering. Unselect all elements, and then select the joints at the beginning and end of

the girders.
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| Grid Fender Out of Scale []*alue Labels # Decimalz: | -1|  Legend Min Auto| Legend Max Auto bl

Bearing Locations
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=% Go to Input Data — Geometry, and in the Joints spreadsheet check the Show Only Selected Objects
checkbox below the spreadsheet.

=% Copy the coordinates of the eight selected joints. Then uncheck the Show Only Selected Objects checkbox.

i foins = s
Joints Members \ Plates \ Springs \ Maszs Elements \ Isolators \ Tendons \ Lanes/Surfaces \ Bricks \
Jaints Slave/Masters | Rigid Linkz |

D = Y Z Translation | Rotation | Displacement Assi t »
[ [[i]] (] DOF DOF ucs sSsighmen
1 1 0.0000 =l Sl “_IDbaI Yes
2| 2 Cut lobal Yes
3| 43 Copy lobal Yes
4 44 Paste lobal Yes
5 85 M lobal Yes
neel OWS {
6 86 lobal Yes
7| 127 Delete Rows lobal Yes
8 | 128 Sum Selected Cells lobal Yes
E Apply Formula
Generate Graph
Select Joints
< Unselect Joints > w
Renumbering Setup...
Show Only Selected Objects

Copy Data From Spreadsheet

m% Paste the coordinates into the last row of Joints spreadsheet. Using the Edit Bar in the Toolbar, update the Z
coordinate of the new joints to -5.375 (that is the half of the deck thickness plus the girder depth).
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DEH B3 90 & ad @ay da-e= gl i [gsm
4 soints (o ]lE )

Joints Members\ F'Iates\ Springs\ Mazss Elements \ lzolators \ Tendons\ Lanes/Surfaces \ Bricks\

Jaints SlavesM asters | Rigid Links |

. _ sl
1] [?:] [:;] [ﬁ] T'agﬁ?:lmn H?;aul;:nn Digplacement UCS5 | Assignment
187 | 187 85.0000 39.0000 0.0000 all free all free Global Yes
188 | 188 50.0000 39.0000 0.0000 all free all free Global Yes
183 | 189 95.0000 39.0000 0.0000 all free all free Global Yes
190 190 0.0000 all free all free Global MNo
191 13 100.0000 all free all free Global MNo
192 192 0.0000 all free all free Global MNo
193 | 193 100.0000 all free all free Global Mo
194 | 194 0.0000 all free all free Global Mo
195 | 195 100.0000 all free all free Global MNo
196 | 196 0.0000 all free all free Global MNo
197 | 197 100.0000 all free all free Global MNo
1aa
< > w

1 5how Only Selected Objects

Using the Edit Bar

=% Change to the |Graphics View| window, and click the graphics toolbar buttons for 3D View and activate
Graphics' — Hide Unselected .

=% [n the Draw menu, activate Geometry — Members .

=% In the Model Data Explorer on the right-hand side of the screen, choose the appropriate section (“Rigid
Connection”) and material (“Rigid Material”) for the rigid member.

=% Draw eight rigid members from the joints on the girders to the new joints below the girders where the bearings
will be placed.
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Model Load Group  Stage Results

Model Data
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Diawing Members using the pioperties below, =l

ID & Span Joints -
D 288
StartJaint
End Jaint
Properties
Type Beam hd
Section FRigid Connection hd
End Section  [zame as start -
Material Finid haterial -
Angle 0.0000
Rigid Zone [x/L)
Fram Start 0.0000
Fram End 0.0000

Miscellaneous[kips]

Prestress Force 0.0000
End Releases
|-Fx Fixed -
-l Fixed -
|-bdy Fiwed -
|-tz Fixed -
JFx Fixed -
ARGHS Fixed -
J-bp Fiwed -
J-Mz Fixed v | v
Geometry | Loads

Graphics View 1

Rigid Members

=% To end the drawing operation, close the floating Draw Members window by clicking on its X close button.

=% Deactivate Graphics — Hide Unselected to show all elements and using the selection tool or the keyboard

shortcut [§], select all elements.

Second and Third Spans

Next we will use the Generation Tool to make copies of the first span, which will become the second and third spans.

=% To avoid the generation of overlapping members, switch the view to Front Plane and unselect the rigid

members on the left.

@@OTSPPEL QRQUOGE @ H L ;'

L/

Zoom 1.563%

[=[®][=]

L.

Auto| Legend bax Auto

# Decimals: Legend kdin

Walue Labels

‘ Grid Render Out of Scale

Avoid Overlapping Members
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=% Open the Generation Tool using Draw — Generation . Select the Repeated Copy command, enter Delta X as
100 ft with 2 repetitions and click OK.

!‘ Generation x

@%@/ 3]’ Repeated Copy

Repeated Copy

Generation Coordinate Syztem

f\ / Global Coordinate System e @ Rectangular
() Cylindrical

[Global Coordinate System)

Extrusion O Spherical
# Fepetitions: 2 oK
Delta > 100
Cancel
Framework Delka ™y o
Delta Z: o

—
@ terge Duplicate Joints
[ Copy tendons, lanes, and surfaces with members

Span Meshing [] Update E wisting Groups with the New Elamants

Help

Generation Tool - Repeated Copy
The last step to complete the bridge geometry is adding restraints to the joints representing bearings.
=% Using the selection tool or the keyboard shortcut , unselect all elements.

=% Select the bearing joints graphically, and using the Model Data Explorer assign appropriate restraints to the
joints: The first, third, and fourth sets of bearings are restrained in Translation Y and Translation Z directions,
and the second set of bearings are restrained in all three directions of translation.

Changes are applied to the model after clicking the checkmark button in the Model Data Explorer.
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Y Graphics View 1
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Joints ~
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v
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For More Information, please refer to the following documentation.

* For model geometry reference, see Geometry in LARSA 4D Reference Manual.

* For more on using spreadsheets, see Using the Model Spreadsheets in LARSA 4D User’s Manual.

* For help with drawing commands, see Drawing Geometry and Loads in LARSA 4D User’s Manual.
* Generation Tools in LARSA 4D User’s Manual.

LARSA Section Composer in LARSA Section Composer Manual.
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Structure Groups

Structure groups provides quick access to particular parts of the structure.
Before moving forward to the loading, we will create Structure Groups in the project.

=% Using the Selection Tools, unselect all elements and select all shells in the model.

=% Go to Selection and Select Joints of Selected Objects .

m% Click the Group button above the Model Data Explorer to activate the Structure Groups Explorer.

=% Click the  Add Group button in the Structure Groups Explorer to create a new structure group with the selected
elements.

=% Right-click the group and rename it as Deck.

ek :{_ - ’f_'E B I? oy :.:- - ‘f_'{ £ Model Load Group Stage Results
A # g n
| Unselect All Shift+F6 | Select All Shift+F3
| Structure Groups

s All Joints s All Joints
# Al Members A All Members £ Add Folder §8; Add Group| B Aute
T AllPlates (e All Plates I (P Deck
~F All Springs 5 All Springs
== Alllsolators t=a Alllsolators

All Loads All Loads

Structure Group for Deck
=% Click the Add Folder button in the Structure Groups Explorer, and then click it and rename it to Girders.

Ensure the Girders folder is selected before creating the groups in the next step so that the groups are created with
the girders folder.

=% Using the Selection Tools, unselect all elements in the model.
The Select Special tool will be a fast way to select the girder members.
=% Go to |Selection — Select Special .

=% Set the filters to select members whose material is A709-50.
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Select Special

Select/Unselect
L Select Objects Cloze

Geometm w
Retain Selection
tembers ~

Unzelect Objectz

W alue Tolerance

e ateial v |= v | 470850 ~

MOre... 2>

Selecting all members for which Material = [4705-50]
Select Special

m% Go to Selection and Select Joints of Selected Objects .

=% Click the Hide Unselected button in the toolbar to show only selected elements.
In addition to clicking on their icons, there are shortcut keys to quickly switch between the tools:
Unselect All —

Select All —

=% Press [[§) key on your keyboard to unselect the currently visible girder members.

=% Use the Graphical Selection Tool to select individual girders and create structure groups named Girder 1, Girder
2, Girder 3 and Girder 4.

Y Graphics View 1 o 5 et
L I NN I RN B R I I B B R B I B B R R RN B B B BB BB R RN RN RN N AN N BN BN N R R R RN R N N BN I I A BN BN RN
L e e e e e e e e e e e e e e e e e o B o B o o Sl e B B B o B oo o o o o o
L el e e e e o o o S D o o o o o
ks Lo A Bn B Do B B B B Ba B Do B B Do B Bn o B B B B B B B ol Bl e B o Bn B B B B B o o o B B R an B B B B o o B Bh AL B S e B ]
ﬁ """ =
Grid tende of 5¢ O ¥alus Labels: ® Decimal: Lagand Mi Auto Legend Ma 2

Structure Groups for Girders

We will also create a group for the rigid members together with the bearing joints.

m% Click the empty area in the Structure Groups Explorer to inactivate the Girders folder so that the next group we
add is not added within this folder.

Click Hide Unselected button to show all elements.
Press |8] key on your keyboard to unselect all elements in the model.
Go to |Selection| — |Select Special .

Set the filters to select members whose material is Rigid Material.

S S .

Click |Select Objects .
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=% Go to Selection and |Select Joints of Selected Objects .

=% Click Add Group in the Structure Groups Explorer to create a structure group for the rigid members and name
it Rigid Members.

Model Load Group Stage Results
B m

Structure Groups

= Add Felder I8 Add Group Bl Auto

s, Deck

"7 Girders
I, Girder 1
I, Girder 2
I, Girder 3
I, Girder 4

I, Pigid Memnbers

Structure Groups

For More Information, please refer to the following documentation.

+ Structure Groups Explorer in LARSA 4D User’s Manual.
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Self-Weight Dead Load

In this section we will create a static load case for self-weight only. The Load Cases Explorer is the primary way to
create load cases.

=% Click the Load button above the Model Data Explorer to activate the Load Cases Explorer.

The Load Cases Explorer will take the place of the Model Data Explorer.
=% Add a new load case by clicking the Add Load Case button at the top of the explorer.

=% Right-click the load case and choose Properties. Change its name to “Self Weight”. Then enter -1 in the
Weight Factor Z field to indicate that gravity applies in the negative-z direction with a factor of one. (The —Z
button enters this value for you.)

=% Set the Load Class of this load case to Dead Load later to use in Staged Construction Analysis together with the
loads from other load classes.

=% Click OK to finish changing the properties of this load case.

| Load Cases

37 8dd Load Case 4 Add Combo X BB
[E3 Load Cases

=} Selfweight
Self 'Weight: 1.2
=7 Load Combinations
!‘ Load Case Properties x
Properties Wwieight Factor
Mame:  Self Weight e 0
T 1]
Twper | Static o
Z: 1

Load Class: Dead Load i

Active o -z =
Help
Self Weight Load Case

For More Information, please refer to the following documentation.

+ Self Weight in LARSA 4D Reference Manual.
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Linear Static Analysis

At this point we will run a linear static analysis. The analysis will compute the effects of the self-weight load case
created in the previous section.

=% From the Analysis menu, choose |Linear Static / P-Delta Analysis .
=% There are no options for this analysis type. Click |Analyze . You will be prompted to save the project. Do so.

=% Once the analysis completes successfully, close the analysis window.

The Analysis Results Explorer will be automatically opened on the right side of the screen.
=% Set the results units to the Imperial defaults (inches for displacement and kips for forces) in Results — Units .

=% Open the Load Cases group and select the Self Weight result case from the Analysis Results Explorer.

Select result cases o view from the list below.
= Load Cazes
Se ight

Load Combinations
Conztruction Stages

Moving Load Cazes

Time History Caszes

Pushover Cazes

Combo with Moving Load Cazes
Stage Analyziz Scenariols]

F5A tadal

Select the Self Weight Result Case

There are several ways to examine analysis results in LARSA 4D, including graphics and spreadsheets. We will
demonstrate graphical results first.

=% Turn on Deformed Model graphical results either from the Results menu or the toolbar.
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RﬁuH5|Duign Jools Window Help
| Graphical g
Spreadsheets 3

Mene

Deformed Model

Minimum / Maximum... Member Forces

I3 O

a Graphs... Member Stresses
% Tendon Results...
&£ Tendon Results E”:'E Plate Deformations
Linear Combination... E,'::i Plate Forces
Group for Extreme Effect... M Plate Stresses
A, Influence Line/Surface Case... .
1T Animate Result Cases
Response Spectra Case... A |
ncrementa
Post-Analysis Case Spreadsheets [BETA] P L o Coefficients
nfluence Coefficien

Live Load Whzard..,

ools Window Help
Graphical Results Toolbar

s R P ot W | A

Graphical Results Menu and Toolbar
mé Select all elements using Selection — Select Objects — |Select All .

Results are only shown for selected elements.

=% Drag up the scale factor slider until you can see deformation. The slider is at the bottom of the Analysis Results
Explorer.

| Scale Factor: 128

A

Graphical Results Scale Factor

=
-

- e
Deformed Model

Reaction labels can also be turned on from the floating Graphical Results Options tool window.
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e Turn off graphical results by choosing None in the graphical results menu or toolbar.

=% Open the stresses spreadsheet using Results — Spreadsheets — Member — | Stresses .

The stresses spreadsheet shows stresses at pre-set locations on the perimeter of the cross-section called stress recovery
points. Four stress recovery points have been pre-set for the I-shape at the four extreme corners.

Stresses are shown at segments within each member element. The number of segments to divide each member into is
controled in Results| — Results Display Settings .

5'-25']- ﬂ Member Stresses
Min/Max for | None ~ | Incremental Fesults
[PrA) @ |N | Stress | M I Stress | N | Stress |N | Stress
Member | Station Result Case Centroid @ Point 1 @ Point 2 @ Point 3 @ Point 4
[kips/in?) (kips/in?) (kips/in?) (kips/in®) (kips/in?)
1 1 0 Load Cases: Self Weight 0.3659 0.1428 1.8296 0.5890 -1.0979
L2 | 1 1 Load Cases: Self Weight 0.3659 0.0358 1.0316 0.6360 -0.2999
L3 | 1 2 Load Cases: Self Weight 0.3659 -0.0691 0.2357 0.8009 0.4960
o N - L4 1 3 Load Cases: Self Weight 0.3659 -0.1718 -0.5580 0.9036 1.2898
| 5 | 1 4 Load Cases: Self Weight 0.3659 -0.2724 -1.3496 1.0042 2.0814
| & | 1 5 Load Cases: Self Weight 0.3659 -0.3709 -2.139 1.1027 2.8709
L7 2 0 Load Cases: Self Weight 1.0505 0.1682 1.0463 1.9328 1.0548
| 8 | 2 1 Load Cases: Self Weight 1.0505 -0.0349 0.4625 2.1360 1.6386
9 | 2 2 Load Cases: Self Weight 1.0505 -0.2360 -0.1192 2.3370 2.2202
| 10 | 2 3 Load Cases: Self Weight 1.0505 -0.4349 -0.6987 2.5359 2.7997
L1 2 4 Load Cases: Self Weight 1.0505 -0.6316 -1.2760 2.7326 3.3771
15-4] |12 | 2 5 Load Cases: Self Weight 1.0505 -0.8262 -1.8513 2.9272 3.9523

Member Stresses

=% Close the spreadsheet window before going on.

For More Information, please refer to the following documentation.

* Linear Static Analysis in LARSA 4D Reference Manual.

* Analysis Results Explorer in LARSA 4D User’s Manual.

* Viewing Results Graphically in LARSA 4D User’s Manual.
* Results Spreadsheets in LARSA 4D User’s Manual.
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Influence Surface Live Load
Analysis

Live load analysis with LARSA 4D can be performed in three ways, using the basic Moving Load Analysis, using
Influence Lines, or using Influence Surfaces.

In the basic Moving Load Analysis, a vehicle load pattern is moved along a predefined path, called a lane, and at each
position along the lane a linear elastic static analysis is performed. This type of analysis however, is too limited under
modern bridge design codes which introduce more variables besides vehicle position, such as axle spacing, and when
multiple vehicles are loaded, vehicle spacing.

The general influence method can be used to avoid this problem and to comply with bridge design codes, such as
the AASHTO LRFD, which requires finding the worst case scenario out of more possibilities than can be analyzed
individually.

With influence lines, a linear path along the model is created, usually along the centerline of the bridge deck, along
which unit loads will be placed at regular intervals. Influence surfaces work similarly. Rather than creating a linear path
over a series of members, with influence surfaces the user defines a surface on which a grid of unit loads are applied.
Influence surfaces are used when the bridge deck is modeled with shells, rather than members. Note that the live load
analysis with influence surfaces is a refined method of analysis that eliminates the use of girder distribution factors.

This tutorial will use the influence surface method to compute live load results for this model.

Preparing the Influence Coefficients: The Surface

The first step for any live load analysis is to create a definition specifying where the loading will be applied. In moving
load and influence analysis, the load pattern applied to the structure follows a defined path, starting at one end of the
path and moving toward the other end. This path is defined by 3D control points along the centerline of the path. For
influence surface analysis, we additionally specify a width.

If the design code calls for two or more traffic lanes on the bridge, an influence surface has many advantages over
influences lines. With influences lines a separate lane definition must be created for each design lane. But with influence
surfaces, a single surface can be created for the entire bridge deck. The influence surface solver will find the optimal
locations of the design lanes within the surface. Additionally, the influence solver will apply multiple presence factors
as needed, which in an influence line analysis is left to the user.

For any roadway surface geometry (straight, curved, skewed at ends), the influence surface definition can be created
in Path Spreadsheets by defining a set of geometry control points.

=% Open the Lanes/Surfaces panel of the Model Data Explorer.
=% Click the plus sign to create a new surface.
=% Right-click the new surface and choose Rename . Rename it as “Roadway”.

=% Right-click the surface and choose Edit Path & View .

Two new windows will open. On top will be the path spreadsheet where geometry control points are entered.
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Surface Centerline

The centerline path of a surface is determined by geometry control points given as coordinates relative to shells in the
model. The path is generally fit as straight line segments between the control points, and so for a straight bridge as few
as two control points may be used (one at the start and one at the end).

We will establish a line through the shells that represents the centerline of the deck. We need a point at the start of
the deck and a point at the other end.

The geometry control points on the path are at the origin of each shell’s local coordinate system, which is at the shell’s
I-joint. So, we will take shell 61 at the start of the bridge and shell 400 at the end of the bridge, as a reference. (The
shell IDs may be different in your model.)

You can Add, Insert or Delete Rows using the buttons in the toolbar.

=% Add points for the shells 61 and 400 and set the Offset X of the second shell to 5 ft, which is the side length of
the shell, to move that point from the origin of the shell to the edge of the shell at the end of the deck surface.

ﬂ Lane Path <Roadway> EI@
Lane/Surface Path Geometry
- Reference Ll
Paint Type RE'E'E{-'CEEDhIECI Dbiject or D"[:f?]t & D"[?:]l v D"[?:ll Z * Ref Y Ref Z Ref Curvature Type D
e Range

1 geometry plate 61 0.0000 0.0000 0.0000 {Local at KJoint) (Local Directions) (Local Directions) No Curve

2 geometry plate 400 5.0000 0.0000 0.0000 {Local at I-Joint) (Local Directions) (Local Directions) No Curve

3
< v

Shaw Onlp Selected Objects

Zoom 1.563%
Lane <Roadway>

L -
T Fa

LocalflUCs Axes

| Grid Fender Out of Scale [ %alue Labels #Decimals: | 1| Legend Min At Legend Max Auto ]

Roadway Path

Span Break Markers

AASHTO LRFD and other design codes call for certain loading to be placed at most once per span to produce maximum
force effects. You need to use “span break markers” to indicate the start and end of each span when this is necessary.
A span break marker indicates that the previous geometry point in the spreadsheet marks the end of a span.

To add span break markers to this model, we will first need to add geometry points at the two supports. We will then
add span break markers after those geometry points. The geometry points will be placed (at the origin of) the two
shells immediately to the right of the two supports.

=% [nsert two rows in the appropriate place in the path spreadsheet to create geometry points on shells 221 and
381.
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=% Insert additional rows to make span break markers after the geometry points for shells 221 and 381. A row is
turned into a span break marker by changing the Point Type to span mark.

Span break markers are indicated in the path graphics pane as small circles at the location of the previous geometry

point.

g Lane Path <Roadway>

Lane/Surface Path Geometry

oo s

. Relference £
Point Type Relele_lr_lceel]bwcl Object or U"[Sf?]l 3 l:lﬂ[is:]l v l:lﬂ[is:]l Z X Ref Y Ref Z Ref Curvature Type i
P Range
1 geometry plate 61 0.0000 0.0000 0.0000 (Local at l-Joint) (Local Directions) (Local Directions) Mo Curve
2 geometry plate 21 0.0000 0.0000 0.0000 (Local at l-Joint) (Local Directions) (Local Directions) Mo Curve
3 | span mark
4 geometry plate 381 0.0000 0.0000 0.0000 (Local at l-Joint) (Local Directions) (Local Directions) Mo Curve
5 | span mark
[ geometry plate 400 5.0000 0.0000 0.0000 (Local at l-Joint) (Local Directions) (Local Directions) Mo Curve
7 1
< 3w
Show Only Selected Objects
Zoom 1.618x
Lane <Roadway>
JI
E R S
= Iy
[ Local/lUCs Axes
| Grid Fender Out of Seale Walue Labels # Decimals: Legend Min Auto Legend Max Auto 7
Span Break Markers

=% Close the path spreadsheet window. The graphics window below it will also close.

Surface Width
=% (o to the lanes/surfaces spreadsheet in Input Data — Geometry — Lanes/Surfaces .

=% Enter the width of the surface: 39 ft.
The surface is centered about the path we specified above.

It is possible to enter here a skew at the start and end of the surface if the start and end edges of the deck are not
perpendicular to surface centerline, but it is almost never necessary. It is okay if the surface falls off the edge of the
shells, so the customary way to deal with skewed edges is to simply extend the surface definition beyond the edge so
that it encompases the corner, as well as some dead space. If the skew fields are used, they must have the same value
at start and at end for influence surface analysis.

=% Close the Lanes/Surfaces spreadsheet.
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Y Graphics View 1 (=N )
Zoom 1 BBOX
! # i {
| . t b
H . I t
A
b s ! '
.
- Fa
LocalllICS Axes
‘ Grid | || Render Out of Scale Valuelabsls  #Decimals | P| Lemendbin  Auo LegendMax  Aue E

Roadway Surface

mr% [f you cannot see the lane, open |Graphics — Show and ensure Lanes/Surfaces is checked.

Graphics Display Options

Dizplay Objects ] Dizplay Icons] Labels]

Geametry Join Miscellaneous Ok
Joints oints '
o
Memmbers Supports Coordinate Systems i
Plates [ SlaveMasters Irput Loads —
L] Springs [ Analyzed Loads
[ lsolators Members
o
[N tasses [ 5pans M Areas
[ Tendons Offzets Construction Grids
LanesfSuraces TS N
Members v =

Graphics > Show

Preparing the Influence Coefficients: The Load Case

The load case setup specifies additional options for how the lane is loaded, including the grid spacing of influence
coefficients.

=% Go to the Load Cases Explorer.
=% In the Load Cases Explorer, add a new load case. Open the properties of the load case by a right-click.

=% Name it as “Influence Coefficients”, set the type of load to Moving and the Load Class to Live Load.

The selection of a load class does not impact the analysis. It only affects the use of load class tracking tools such as
extracted results.
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Load Case Properties *
Froperties ‘Wheight Fachaor
Mame:  Influence Coefficients X o
Y 1
Type: b aving o
£ n
Load Clazs: Live Laad »
Active 0 =2 ][=¥
Help

Load Case Properties

=% Open the spreadsheets for the load case by double-clicking the load case. Then go to the Moving Loads tab,
and then choose Influence Loads| beneath the tabs.

=% Add a new row to the spreadsheet indicating that LARSA 4D should load our surface with unit loads at a given
grid spacing. Change the lane column to Roadway.

The choice of the forward increment and the transverse increment for the infuence-surface analysis depend on the
required accuracy of the results. However, smaller increment size may result in longer analysis time. The engineer
needs to decide on the increment size of the unit load in order to balance the analysis time and the level of accuracy.

See the below screenshot showing the difference between strong axis bending moment (minimum and maximum)
diagrams along a girder resulting from the influence-based live load analysis with two different forward increment

inputs.

Unit load increment =1 ft

Max = 1214 kip-ft

Min = -711 Kip-ft

Unit load increment = 20 ft

Max = 1193 Kkip-ft

Min = -686 Kkip-ft

Effect of Increment Size

The unit load increment of 4 to 6 ft for the preliminary design and 1 to 3 ft for the final design is typically adequate.

=% Set the Forward Increment to 5 ft and Transverse Increment to 3 ft.
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ﬂ Influence Coefficients: Influence Loads

=R ==

Jairt Loads \ Support Disp \ Member Loads \ Plate Loads \ Moving Loads Time History \ RS54 Loads \\
B asic Moving Loads Influence Loads
Applied Load Forward Transverse
Lane/Surface Direction Increment [ft) Increment [ft) Load Factor
1 |Roadway - Global -Z 5.0000 3.0000 1.0000
2
L4
[ Show Only Selected Objects

Influence Load

Since the bridge is 300 ft long and the roadway surface width is 39 ft, the 5 ft forward increment will generate 61
coefficients lengthwise. LARSA 4D will always adjust the transverse spacing so that the rows of coefficients are
equally spaced from the roadway center. The 3 ft transverse increment will be adjusted to 3.25 ft having 13 rows, and

Wi Graphics View 1

Zoom 1.75EX
Load Case Influence Coeficients {units: kips,

1056t

0ft

-19.5ft

H:\
i
Y

this will yield 793 influence coefficients in total.
(ol =]
0ft 300 ft
1 ]
1 ]
I ]
S N N O N N A N I S I S O ) S
| |
f |
1 ]
1 ]
]
(300 ft/ 5 ft) + 1 = 61 coefficients
(39 ft/3.25 ft) + 1 =13 rows 7Y
Total = 793 coefficients
Local/lICS Axes
‘ Grid Render Out of Soale [A Value Labels #Decimals: | 2| Legend Hin Autto] Legend Max Auto 7

Influence Coefficients

=% Close the Influence Loads spreadsheet.

Analysis

=% Run a Moving Load Analysis ( Analysis' — Moving Load Analysis (Static/Dynamic) — Analyze)).

The result cases will be generated for the unit load applications throughout the deck surface.

After the analysis, you can see in the Analysis Results Explorer under the Moving Load Cases group there is a group
of results called “Influence Surface - Influence Coefficients”.

Within this group are the linear static results for each influence unit load that applied to the structure on a grid
throughout the lane surface. They are organized by offset, indicating transverse offset from the lane centerline, and
station, indicating distance along the lane from the start.
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Connecting a Vehicle Database

We need to connect a moving load pattern database file to the project. This database will have the vehicle load patterns
that you will apply to the structure later on.

=% Go to Input Data — Connect Databases .
e Next click Connect Standard Database .

m% Open the file “AASHTO Vehicle Patterns.dml”, which is a database of standard vehicle patterns that comes
with LARSA 4D. It includes various vehicle patterns needed for AASHTO LRFD live load analysis.

Connected Databases *

Connect databazes to your project to use load patternz, time histary and responze spectra curves, parametnic sections, and
other esternal data in wour analysiz.,

Linked Databases:

Records Dizconnect

—
I F\LaRSA\Section lpsx Parametric Sections 1 Edit

Connect
User
Database

Connect
Standard
Database

Al how full datab th
[ Alvays show full database pa Help

AASHTO LRFD Vehicle Patterns Database

=% Click OK to close the Connected Databases window.

=% Use Input Datal — Edit Databases to see what the vehicle load patterns look like. Close the Database Editor
when you are done.

Vehicle Load Setup

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.
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i ]
gl
Le-0",

AASHTO LRFD HL-93 Design Truck

The uniform load (UDL) is specified separately from the vehicle type.

We now create an influence-based result case that has all of the additional configuration needed to get results for
AASHTO LRFD.

=% Go to Results| — Influence Line/Surface Case and name the result case as “Influence Surface”.

General Options

If the model had more than one surface, you would choose which one to load in the Influence Coefficients field.
=% Set the Design Lane Width to 12 ft.

=% Ensure that the Load for Extreme Force Effects option is turned on, which ensures that vehicles and wheels are
only placed if they contribute to the extreme effect under consideration.

The extreme force effect option does not apply to lane loads, which are always applied as patch loading.

Multiple Presence Factors

Multiple presence factors are applied to the results depending on the number of lanes actually loaded (which depends
in turn on the multiple presence factors).

=% Click the Edit button under Multiple Presence Factors.

m% Enter the factors per AASHTO LRFD Table 3.6.1.1.2-1, and then click OK.
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!‘ Curve Editor bt
~ )
Lanes Loaded Factar o+ Multiple Presence Factors
Ein 1.20
1.000a0 1.20000 . G
2.000a0 1.0a0a0 J
3.000a0 (1.85000 0.80
4.000a0 I [.65000 N
£ 080
i
0.40
0.20
0.00
1 2 3 4

Lanes Loaded

0] Cancel

Multiple Presence Factors for Influence Surfaces

The final set of general options are shown below:

W] Influence Analysis X

Result Caze Mame:
|Influence Surface | Standard Solution Method w

General Ophions ]Eehicular Loading] Uniform/Patch Loading]

Influence Coefficients:
Influence Surface - Influence Coefficients ~
[esigh Lane 'width: Owerall Factar: Multiple Presence Factors:
f 1.2;1;0.85; 0ES
Tranzverse Dffset: Centrifugal Whesl Factars (+zide]:
0 f Edit [hone)
Load for Extreme Force Effects Longitudinal Factars:
[] Complete Pattems Only Edi Inore)
[] Coefficients are Signless
Help Cancel 0K,

Influence Surface Result Case General Options

Vehicular Loading

=% Change to the Vehicular Loading tab.

In this tab you will configure the vehicle loading that will be applied to the structure. (Uniform patch loading is
specified on the next tab.)

=% Click Add Lane Type.

=% On the right, where it reads (Select Pattern) , click it and choose HL-93/HS20-44 2D Design Truck (make sure
you click the one with 2D in its name).
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Another advantage of the influence surface method over the influence line method is the ability to apply "two-
dimensional" load patterns. In these load patterns, each wheel is treated as a separate point load with an appropriate
transverse offset. “2D” load patterns are named with “2D” in their name in the LARSA standard database. It is always
recommended to use "2D" vehicle load patterns when using influence surfaces. The 2D load patterns model the width
of vehicles, which is used to determine the area on the design lane applicable for vehicle loading and is used for the
option for excluding the uniform lane load under vehicles.

We will come back to the other HL-93 live loading conditions a little bit later on in this tutorial. For now, we will save
these settings and look at the results so that you can see what these settings mean so far.

=% Close Influence Surface Case properties window by clicking the OK| button.

Live Load Results

Graphical Results

The new influence-based result case can provide results in the same manner as any other load case: through the
spreadsheet, graphically, or using any of the tools on the Results menu. The results from an influence-based result case
are the positive and negative worst-case scenarios for the application of the live load as configured in the result case.

We will start by looking at reactions.

=% [n the Analysis Results Explorer, click the plus sign next to "Influence-Based" and click the new result case
"Influence Surface" to activate it .

=% Back in the graphics window, put the display in a 3D perspective so the deck surface is clearly visible.

2

Make sure supports are visible in Graphics — |Show .

m% Turn on deformed model graphical results. No results will display because deformed model cannot show
enveloped results, and envelopes are required when accessing influence-based results.

e% [n the floating Graphical Results Options tool window, click the fourth icon from the left which turns on
Influence Coefficients View.

=% Also in the floating results options window, change Translation Tx to Reaction Fz.

2D Al

I Envelope Max
Reaction Fz .

View Full Cumulative Results . =

Turning On Influence Coefficient Graphical View
=% Activate the Pointer Tool from the toolbar.

P & T
g
Pointer Tool

Pointer Tool

The pointer tool is used to pick items in the graphics window.
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=% With the Pointer Tool, click the outer support at Pier 2 location.

The graphics window will show the influence coefficients as a graph over the surface of the deck. The coefficients
represent reaction forces at the support we chose caused by point loads at different locations on the surface.

odel Loa o Sge  Reauts
[ o] i i

Wi Graphics View 1

Zoom 3815%
Deformed Model - Influence Surface - Influence Coeficients ~ Joint 378
Scale Factor: 128

Kips per

0,507

0393

0278

0.164

v

Influence Based: Inflience Suface

Influence Suface - Inflvence Coeffcients
HL3/H520-44 2D Design Trick
12111 851 85

LocallUCS Axes

#
2’ A

i
| Gia | [ RenderOuotScoe  ClvaueLaboke  #Decins Dislay Sze: 1

HL-93 Design Truck

The large purple arrows above the deck represent the critical vehicle position. Loading one lane with HL-93 Design
truck near the chosen support produces the maximum vertical reaction at this support.

Note that in case of one lane loaded, the multiple presence factor of 1.2 is applied.

Spreadsheets

Accessing results in the spreadsheets works as usual, except you must choose an envelope column. In this case, you
would choose the Fz column to envelope on in the Joint Reactions spreadsheet. The rows of the spreadsheet then show
the min and max Fz values for the supports, plus corresponding forces in the other directions.

In addition to graphical results, you may check where LARSA 4D decided to place the truck and lane load to produce the
extreme effect by looking at the Result Case column on the spreadsheet. It indicates the station number (in coordinate
units) from the start of the surface and transverse offset from the surface centerline (negative is on the right side,
following the right hand rule) at which each vehicle is placed (refering to the front of the vehicle). “mp” indicates the
multiple presence factor applied.

ﬂ Joint Reactions [Envelope]

(=2 =]
Min/Mas for | Foros - 2 - (kips] Wi ~ [Japs Simorementa Resibs e Rt -
[ Report In Local UCS
Force Force Force Moment HMoment Moment |~
Joint Result Case
[kips) [kips] [kips] [kips-ft] [kips-ft] [kips-ft]
L1 190 Influence Surface: 5159.5/t4 227/d1.; s159.5416.5/d1. 0.0000 -3.0319 -4.7623 0.0000 0.0000 0.0000
2 190 Influence Surface: s28.-16.5/d1. * 1.2 (mp) 0.0000 -1.9058 61.2311 0.0000 0.0000 0.0000
13| 191 Influence Surface: 5260 5/t-16.5/d1.; 5263 /t-4 464/d1_; 5158 3/16./d0. * 0.850 (mp) -65.0490 0.7556 | -11.3872 0.0000 0.0000 0.0000
4 191 Influence Surface: $109.7/4-16.5/d0. * 1.2 (mp) 27134 -0.8655 706927 0.0000 0.0000 0.0000
< 3w

Spreadheets
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Finishing Vehicle Loading and Adding Uniform Lane Loading

Finishing Vehicle Loading

We now modify the “Influence Surface” result case so that it has all of the additional configuration needed to get
results for AASHTO LRFD.

Per AASHTO LRFD Article 3.6.1.3, the extreme force effect shall be taken as the larger of the following:
» The effect of the design tandem combined with the effect of the design lane load, or

» The effect of one design truck with the variable axle spacing specified in Article 3.6.1.2.2, combined with the
effect of the design lane load, and

» For negative moment between points of contraflexure under a uniform load on all spans, and reaction at
interior piers only, 90 percent of the effect of two design trucks spaced a minimum of 50.0 ft between the
lead axle of one truck and the rear axle of the other truck, combined with 90 percent of the effect of the
design lane load. The two design trucks shall be placed in adjacent spans to produce maximum force effects.

We will also apply a dynamic load allowance of 33% to increase the static effects of the design truck or tandem for
vehicular vertical load, per AASHTO LRFD Article 3.6.2.1.

=% [n the Analysis Results Explorer, right-click the Influence Surface case and choose Properties .
=% Go back to Vehicular Loading tab one more time.
=% Click the existing vehicle loading and set the factor (just below the vehicle type selection) to 1.33.

=% Click Add Lane Type . Set the vehicle for this lane to HL-93 Design Tandem 2D and apply the 1.33 factor.

A Lane Type refers to the way a design lane may be loaded. The influence surface solver will choose the lane type for
each loaded lane that produces the most extreme effects. The next lane type will be for the two trucks condition.

m% Click Add Lane Type a third time. Set the (first) vehicle for this lane to HL-93/HS20-44 2D Design Truck and
apply a 1.197 factor (which is 0.9 times 1.33).

=% Click | Add Vehicle. A second HL-93/HS20-44 2D Design Truck with the same factor is added into this lane
type.

=% Set the UDL Factor to 0.9. This applies to the current lane type. (We have not yet set the UDL magnitude.)
=% Set the minimum back-to-front spacing to 50 ft.

=% Turn on the option One Load Pattern Per Span.

Per AASHTO LRFD Article 3.6.1.3, the design truck or tandem shall be positioned transversely such that the center
of any wheel load is not closer than 2 ft from the edge of the design lane.

=% Set the design lane vehicle margin to 2 ft.

The LARSA 4D lane positioning algorithm also determines the transverse placement of the vehicle to produce extreme
effects.
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~C—Design Lane -
" Placed Automatically
C!
?\a\e ve Lane Load
Placed Automatically

Blaced | |[—Surface
Surface Covers Roadway Loading Area S 4

{“‘*-fDeck

~Design Lane

Marginsé

Margin  Design Lane Width Margin
Transverse placement of the vehicle

=% Verify that your screen looks like the following figure:

Influence Analysis

Result Caze Mame:

|Influence Surface |

Standard Solution Method ~

General Dplions. Wehicular Loading ]Qniformx’Patch Loading]

Add Lane Type Add Yehicle b4
Lane Type Wehicle Load Pattem
i -t g ft
HL-33/H5 2044 2D Design Truck (Factor: 1.33) HL93/HS20-44 20 Design Tuck, ~| - BackdoFiont Spacing
Lane Type Desigh Lane Vehicle Margin: ft
HL-93 Dresign Tand-em 2D [Factor. 1.33) Factor | 1197 Max # Min Sideo-Side Spacing 0k
Lane Type, UDL Factor: 0.9
HL-33/H520-44 2D Design Truck [Factor; 1.137) Orne Load Pattern Per Span Wehicle Direction: | Any ~
HL-93/H520-44 2D Design Truck [Factor: 1.197)
Lare Options Lane Transverse Constraints:
Max Lanes UDL Factor Min: I:l I
No Limit v 039 Max [ |1t

Help Cancel

Influence Surface Vehicle Configuration

UDL Setup

Per AASHTO LRFD Article 3.6.1.2.4, the design lane load shall consist of a load of 0.64 klf uniformly distributed
in the longitudinal direction. Transversely, the design lane load shall be assumed to be uniformly distributed over a
10.0 ft width.

=% Change to the Uniform/Patch Loading tab.

=% Enter a UDL magnitude of 0.64 kip/ft.

% Set the UDL Width per Design Lane to 10 ft.
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Wy Influence Analysis X

Result Caze MName:

|Influence Surface | Standard Solution Method ~

General Dptions] Yehicular Loading. Unifarm/Patch Loading]

Load Magnitude

Simple v kipsft
UDL "width per Design Lane: ft

[] Exclude Under Yehicles

Influence Surface Patch Loading Configuration

=% Click OK.

AASHTO LRFD Results

Now, we will look for the critical vehicle position to maximize the major axis bending moment in a member.
=% Turn on member force graphical results using the toolbar.
=% [n the floating Graphical Results Options tool window, choose Moment Mz and Envelope Max.

=% With the pointer tool, choose member 153 on Girder 1 (which is midspan, the fifth member from Pier 1). When
asked, enter station 0.
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Graphical Results Options X

= View Full Cumulative Results | =

Girder 153

DA
" Moment Mz -
Envelope Max ,
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ﬂ Graphics View 1

Zoom 5960
Member Forces - Moment Wz - Influence Surface - LL: VWehiculariWedicinfluence Coefficien - Mermber 153 Station 0

e ; 45D I -
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ﬂ Member Sectional Forces [Envelope] E@
Min/Max for | Moment - Z - (kips-ft) ~ | MaxOnlp ~ [JABS []Incremental Results Wiew Full Cumulative Resulks ~
Force Force Force Moment Moment Moment |~
Member | Station Result Case X Y Z X h Z
(kips) [kips) (kips) [kips-ft] [kips-ft) [kips-ft)
| 153 0 Influence Surface: s119.6/t-14.5/d1.; s149.6/t-2.227/d1.; $152.1/t10.05/d0.; UDL * 0.850 (mp) 1242179 | 4.3329 -0.4221 -0.0351 0.7904 261.9140
10 163 1 Influence Surface: $139.6/t-14.5/d0.; 5154 6/t-2.227/d1.; UDL 954572 | 554926  -2.0556 -0.0126 -5.1662 391.2952
< 3w

Positive Flexure

A combination of the single HL-93 Design Truck and the HL-93 Design Tandem governs for positive flexure.

=% [n the floating Graphical Results Options tool window, change Envelope Max. to Envelope Min.

W Graphics View 1

Zoom 2.708X 16,28,
hdember Forces - Moment Mz - Influence Surface - Influence Coefficients - Member 153 Station O J6.28,¢ oo

W Member Sectional Forces [Envelope] =N ==
Min/Mas o | Moment -2 - [kips-] ~ [Mindny ~ 1485 [ incremental Resuts | View Full Cumulstive Fissults v
Foce | Foce | Force | Moment | Moment | Moment |+
Member | Station Riesult Case ® ¥ z H z
tkips) | (kips) (kips) | (kipsft) | (kips-t) | [kipsy
£l 153 0 Influence Surface: $65./t-14.5/d0.; 5179.5/4-14.5/d1.; 564.61/-2.227/d0.; 565./t10.05/d0.; 5250.7/t11.77/d0.; UDL * 0.850 (mp) |-136.7194  36.1408 0.6268 0.0345 -1.6897 | -354.3260
0] 183 1 | Influence Surface: s64.814-14.6/d0 ; 565 /-2 227/d0.; 5258 14-0 894/d1; s65.410.05/d0; s263.10.05/d1; UDL - 0.850 (mp) 1254035 50361 02857 00067 05626  -260.0779
< 2w

Negative Flexure

A combination of the single HL-93 Design Truck and two HL-93 Design Trucks governs for negative flexure.

=% Turn off graphical results before going on.

64



LARSA 4D Introductory Training Manual for Steel Bridges

Girder Distribution Factors (GDF)

In this section of the manual, we will illustrate how the live load analysis with influence surfaces eliminates the use
of girder distribution factors (GDF).

The midspan of Girder 2 is taken as the reference to extract the results from the model.

First, we will calculate the factor for the distribution of live loads per lane for moment in interior beams, per AASHTO
LRFD Bridge Design Specifications. Then, we will approximately calculate the moment in Girder 2 using the girder
distribution factor and compare it with the current results.

One Design Lane Loaded S = girder spacing (3.5 ft <5 < 16 ft) =12 ft
04 ¢ 03 K, 0.1 L = spanlength (20 ft <L < 240 ft) = 100 ft
GDF = 0.06 + (ﬁ) (E) (IZLt 3) t, = structural concrete deck thickness (4.5in <t, < 12in) =9in
5

- 2
Two or More Design Lanes Loaded Ky =n(l+ Aeg")

§ 106 5, 0.2 K, 0.1 — odular rati _Es 29000kip/in27804
GDF — 0.075+(7) () ( ) n=mo uar?aw_Ec_73605kEp/inz_ :

9.5
= moment of inertia of the stel girder = 55476 in*

L

12Lt°

—~

A = cross sectional area of the steel girder = 81.6 in?

9in
e, = distance from centroid of the steel girder to the midpoint of the concrete deck = - +315in=36in

K, = 8.04(55476 + 81.6 * 36%) = 1.297 » 10° in*

12 0.6 12 0.2
One Design Lane Loaded GDF = 0.06 + (_) (_) (

1.297 « 108 \*
= 0.578 lanes
14/ \100

12 % 100 = 93

12 )0'2( 1.297 * 10°

01
95) (T51onvs7) ~oesslanes

0.6
Two or More Design Lanes Loaded GDF = 0.075 + (%) (

Calculation of GDF for Moment in Interior Beams

Per AASHTO LRFD Article 3.6.1.1.2, multiple presence factors shall not be used with the approximate load assignment
methods other than statical moment or lever arm methods because these factors are already incorporated in the

distribution factors.

m% [n the Analysis Results Explorer, right-click the influence surface case and choose Duplicate .
=% Right-click the duplicated result case and choose Properties .
=% Click the Edit button under Multiple Presence Factors.

=% Remove factors using the Remove Point button then click OK .
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!‘ Curve Editer

Lanes Loaded Factor
1.00000 1.20000
2.00000 1.00000
3.00000 0.85000
4.00000 0.65000

Multiple Presence Factors

Ii UL

60

1 2 3 4
Lanes Loaded

o | (o]

Remove Multiple Presence Factors

=% Rename the result case as “Influence Surface noMPF” and close the properties window.

We will extract the maximum strong axis bending moment in the bridge cross section (similar to a line girder model)
at 50 ft by using the Compound Element Forces tool which reports the combined forces and moments of a group of
elements about their combined centroid. The tool will be explained in detail at the end of the Staged Construction

Analysis section.

=% Make sure that all elements are selected in the model.

13181

the maximum.

:

Click the new result case “Influence Surface noMPF” to activate it in the Analysis Results Explorer.
Open the Compound Element Forces tool through the Results menu (Results' — |Compound Element Forces ).
Change the option of slicing the structure at certain intervals to a particular position .

Slice the structure at 50 ft from the start of Global Coordinate System and choose to envelope on Moment Y for

Click 'Show Compound Element Forces .
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1u’iew Compeound Element Forces x

Specily the position of the cut plane along the X axis of the selected system. Selected elements
list displays the elements to participate in the calculations. You can add/remove elements either

as a group or by individual member/plate 1D.

Slice the structure at | a particular pasition | in the YZ plane of | Global ~

Slice the structure at 50.0000( feet [ft]) from the start of Global coordinate system.

Compound Element Forces Envelops: N v
[T R ~| MinMo o .
Elements 30, P50, PFO, PA0, P10, P130, F' [JIncremental m -
Coar. Sps. Global x Auxis
Station 50 Group ~ | to be added
Result Case 894./41.; 564 81,/4110.05,/d1.: UDL
Centroid 0.000 Selected Elements Add || Remove
Centroid ' 18.00 memger 12 ~
: I ember
Centroid 2 0.302 Membar 1
Member 4
Fu 2e-f Member 5
Fy -5.684 Member &
. Member 7
:-;12 311 gg tember 8
8 - Member 3
My | B.653 | Member 10
Mz 2042 Member 11 W
Show Compound E lement Show Detaled
Capture a3 : Input L oad Case or Result Case Forces Repaort

Compound Element Forces - Slice at a Particular Position
The maximum strong axis bending moment in the bridge cross section at station 50 ft is found as 6653 kip-ft.

In order to maximize the strong axis bending moment in the middle of the first span, the critical vehicle configuration
would be all three lanes are loaded by single HL-93 Design Truck:

W4 Graphics View 1 [r=fer =]

Zoom 1563

2128 21,08, 32 . ..

| L—g&;’H E—A&ZDDeswgnTru

| el e

. 11— -8 B—% 5—8 S8 -—% 8—% B8 H—8 5 N8 E—1 - - 1
S48 20" Desigh Truc]

-

28

(=44 2100 Tesign Trick

b
T

| Gid | FendeOutofScale  [AValelabels  # Decimal: Legend Min Legend Max Fiotale Disgram: 180 ?

Three Lanes Loaded by Single HL-93 Design Truck

If you click Input Load Case command in the bottom left of the View Compound Element Forces window, a new load
case will appear in the Load Cases Explorer, which contains the analyzed shell loads for vehicle axles and lane load
of the corresponding vehicle configuration. You can review the load case to see that all three lanes are loaded.

On a side note, Result Case command in this window is used to create a new result case from the corresponding
critical vehicle position. It allows you to review all results at that instant.
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Model Load Group Stage Reszults
[m| B B
Model Load Group Stage Results

Analysis Results | | Load Cases

Select result cages to view from the list below.

3*2dd Load Case ¥ Add Comba 3¢ R

¥ Load Cases
Load Combinations
# Construction Stages
¥ Moving Load Cases
Time History Cases
Pushover Cases
Combao with bMoving Load Caszes
Stage Analysiz Scenarniols)
RS54 Modal
® Mode Shapes
= Influence-Bazed
Influence Surface
Influence Surface_notPF

++Captured framm |kl

Uzer-Created Result Cazes: ++Captured from -~
Influence Suface_notPF

Influence Surface - LL: Wehiculaerticlnfluence
Coefficien: Offset: -9.75 Statior: 60.00 hd

e

I "7 Load Cases

§ selweight
SelfWeight: -1. 2
‘ Influence Coefficients
2 |rfluence Loads [1)
‘ Railingz
A Jaint Loads [122]
‘ Future Wearing Surface
™™ Plate Loads (480]
& Deck weight
L1 tMember Loads (240)
& wind Load Pos
L1 Member Loads (60)
4§ wind Load Neg
23 tember Loads (50)

++Captured from |

™ Plate Loads (441]

I"7 Load Combinations

Capture From Influence-Based Result Case

=% Close the View Compound Element Forces window by clicking on its X close button.

Now, we can approximately calculate the moment in the composite section of Girder 2 at station 50 ft:

Mgirder2 = 0.858 lanes x (6653 kip-ft / 3 lanes) = 1902.758 kip-ft

The influence-surface based live load analysis eliminates the use of live load distribution factors and this moment can

be determined directly and more accurately from the “Influence Surface” result case:

=% Using the toolbar, change the graphics view to the Top Plane.

=% Using the selection tools in the menu, unselect all elements.

% Click-and-drag a window from right to left around the second girder. Members of Girder 2 and deck shells on

each side of the girder will be selected.
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W Graphics View 1 E=3 o8 =
Zoom 1.963% @
Load Case Influence Coefiicients funits: kips, f)

AR
%0
Local/lUCS Axes

I Grid Render Dut of Scale []Vslue Labels #Decimals: 1| Legend Min Auto| Legend Max Auto

Girder 2 Selected

=7 Add Folder $8) Add Group Bl Aute
i, Deck

77 Girders
1, Girder 1
i, Girder 2
i, Girder 2

I, Girder 4
I, Riigid Mermbers

I, Composite 2

Composite Structure Group

=% In the Structure Groups Explorer, add a new structure group and rename it as “Composite 2. We will use this
group in the next section of the manual.

m% Click the result case “Influence Surface” to activate it in the Analysis Results Explorer.

=% Following the similar steps, extract the strong axis bending moment in the composite section of Girder 2 at
station 50 ft:
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View Compound Element Forces x

Specily the position of the cut plane along the X axis of the selected spstem. Selected elements
list displays the elements to participate in the calculations. You can add/remove elements either

as a group or by individual member/plate ID.

Slice the structure at | a particular pasition | in the ¥Z plane of |Global ~

Shce the structure at 50.0000( feet [ft) from the start of Global coordinate system.

Compound Element Forces Envelope: N v
(T R ~| MinMa o -
Elements M50 P30, P50
y Incremental v
Coor. Sps. Global ¥ Axiz 0 (1
Station 50 Group ~ | to be added
Fiesult Case -84/t9.552/d0.; UDL = 0.850 [mp)
Centroid o.oan Selected Elements Add | | Remave
Centroid 12.00 memger 212 A
: J ember
Centroid 2 0.822 Membar 47
Member 44
Fx 8.373 Member 45
Fy 0.825 Member 46
F 2413 Member 47
Mz 1181 Member 48
8 - Member 43
My | 1,743 Member 50
Mz -19.91 Member 51 w
Show Compound E lement Show Detailed
Capture a3 : Input L oad Case or Besult Case Forces Report

Moment Without Using GDF

The strong axis bending moment is found to be 1783 kip-ft from the influence-surface based result case, without using
girder distribution factors.

For More Information, please refer to the following documentation.

+ Lanes in LARSA 4D Reference Manual.
* Influence Line & Surface Analysis in LARSA 4D Reference Manual.
+ Influence Coefficients Graphical View in LARSA 4D User’s Manual.

70


LARSA4D_ReferenceManual.pdf#input/geometry__Lanes
LARSA4D_ReferenceManual.pdf%23analysis__Influence%20Line%20&%20Surface%20Analysis
LARSA4D_UserManual.pdf%23using__Influence%20Coefficients%20Graphical%20View

LARSA 4D Introductory Training Manual for Steel Bridges

Staged Construction Analysis

Staged Construction Analysis is a “4D” analysis. What is meant is that the analysis models changes to the structure
over time. In this section we will create a basic setup for staged construction using construction and loading activities.

Before setting up the construction stages, we will define additional loads on the bridge.

Define Loads On Deck

In addition to self weight and live load, railing load at the edges of deck and future wearing surface load on the roadway
surface will be defined.

For these loadings, we can use a simple tool called Define Loads on Deck.
=% Go to Draw — Define Loads On Deck

=% Since we already have a roadway surface and live load case defined in the model, uncheck the Create Lane On
Deck| checkbox.

e Check the Barriers, Parapets and Bridge Rails checkbox and enter 0.5 kips/ft as its magnitude.

=% Check the Future Wearing Surface checkbox and enter 0.025 kips/ft® as its magnitude. Set 'Sidewalk Width' to
1.5 ft for both sides of the roadway.

e Click Generate .

Create Lane on Deck X

This tool identifies the deck composed of plate elements and creates a lane on the
surface of the deck. Then, an influence load case is automatically created making
the model ready for live load analysis. An AASHTOD influence based result case will

also be created. The influence based result case will be vizible after a moving load
analysis is performed.

Bridge Path
Gl i ot Bamiers, Parapets and Bridge R ails
oba e M agritude: 05| kips/ft
[ Create Lane on Deck Future ‘Wearing Surface
F agnitude: 0.025| kips/fE

Create Infl Live Load C - .
A INEnEs Live Load Lase [ Manalitic wWearing Surface

Sidewak Wwidth (v} [ 15 M agritude: 0.1 kips/fE

! ] ) [ Pedestriars
Sidewalk \width (+7]; ft o o

[] &dditional Load on Sidewalks

b agritude; 01 kips e
[ Utility Loads
Generate Cancel Define Ltility Loads
Define Loads On Deck

m% Review the generated loads on the Graphics Window by clicking on the railing and future wearing surface load
cases in the Load Cases Explorer.
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WY Graphics View 1

foom 10.04%
Load Case Railings (units: kips, ft)

Y
Local/lUCs Axe

‘ Gnd | [ Render Out of Scale Walue Labels # Decimals: Legend Min Auto) Legend Max Auto ?
Y Graphics View 1 E=R(ECE =
Toom 12.558%

Load Case Railings (units: kips, ft)

2.5

2.5
1.25 1.25
-1 .
LocalflCS Axe
‘ Grid | [ Render Out of Scale Walue Labels # Decimals: Legend Min At Legend Max Auta ?

Railing Load
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WY Graphics View 1

foom 10.04%
Load Case Future Wearing Surface (units: kips, ft

.

i
Local/lCS Axe

‘ Grd | [ Render Out of Scale Yalue Labels # Decimals: Legend Min At Legend Max Bata ?
4 Graphics View 1 E=8(EEE =X
Foom 12.55%

Load Case Future Wearing Surface (units: kips, ft)

-0.013 0.013

1 -~

LocalllJCs Axe
‘ Grid | []Render Out of Scale Walue Label: # Decimals: Legend Min futa) Legend Max Auto ?

Future Wearing Surface Load

Deck Weight and Wind Load

We will calculate the deck weight to be distributed across girders according to tributary deck widths. For Girders 1
and 4:

0.15 kip/ft3 (unit weight of concrete) x 9 ft (tributary deck width) x 0.75 ft (deck thickness) = 1.0125 kip/ft

And for Girders 2 and 3:

0.15 kip/ft3 (unit weight of concrete) x 12ft (tributary deck width) x 0.75 ft (deck thickness) = 1.3500 kip/ft

We will also create two wind load cases to be applied to exterior girders with a depth of 60 in (5 ft). The magnitude of
wind load is 0.05 kip/ftz. Therefore the magnitude of wind load to be applied as line load is:

0.05 kip/ft® x 5 ft = 0.25 kip/ft

=% I[n the Load Cases Explorer, add three load cases and rename them to “Deck Weight”, “Wind Load Pos”, and
“Wind Load Neg”.
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=% Go to Input Data — Load Cases & Combinations .

In the Class column, you will see that the load classes of load cases which are generated by the tool are already set.

=% Set the Load Class of Deck Weight to Dead Load.

=% Set the Load Class of wind load cases to Wind Load on Structures.

B Load Cases == ==
Load Cases Load Combinations \
- - - "~
1D Mame Analysiz Type Class Status ;:32:';( ;::l'g:"l( ;::l'g:'lz
1 1 Self Weight Static Dead Load Active 0.0000 0.0000 -1.0000
2 2 Influence Coefficients Maoving Live Load Active 0.0000 0.0000 0.0000
3 3 Railings Static Dead Load of Monstructural Components Active 0.0000 0.0000 0.0000
4 4 Future Wearing Surface Static Dead Load of Wearing Surfaces and Utilities | Active 0.0000 0.0000 0.0000
5 5 Deck Weight Static Dead Load Active 0.0000 0.0000 0.0000
[ 6 Wind Load Pos Static Wind Load on Structures Active 0.0000 0.0000 0.0000
7 7 Wind Load Neg Static Wind Load on Structures Active 0.0000 0.0000 0.0000
g
< 3w

Show Only Selected Objects

Load Classes

=% In the Structure Groups Explorer, click on the Girders folder and choose Select (Unselect everything else)

from the action menu.

=% Using the Graphics Tools, |Hide Unselected objects and change view to the Top Plane.

Now, we will define deck weight and wind loads graphically.

=% [n Load Cases Explorer, click on Deck Weight load case to activate it.

¢ Go to Draw — Loads — Member Loads

You will see the Model Data Explorer on the right.

=% Enter data to apply a uniform load of -1.0125 Kkip/ft in Global Z direction and drag window around the first

and last girders.

=% Change magnitude of the force to -1.35 kip/ft and drag window around the second and third girders.

=é Click Done.
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Model Load Group Stage Resuls
Wi Graphics View 1 [re]m =] =] s}
Zoom 1.879% Click. or window members to apply loads tothem. The
Loadl Dase Deck Weight (units: kips 4] members must already be selected. Set load properties ‘ Model Data
4 ps. in the Explorer before draning.
bember Loads bl
Drawing merber loads in load case =]
Done Deck Weight
Reep his uindoss open whie draima, Type & Member -
Memb
R R R R R R R R R R T N N R N S L RN R R RN T R e ) T;";E' [Tty iy
Ditection  Z Global Z‘
R R R R R R R R R N T N R Y A R R R R RN T T T e ) e ()
orce [kips]
Start -1.0125]
R R R R R R R N R R A R R R R E R T N B )
L N R R R R R R ) P;Sitin"[""‘”m'“’la" w000
it
/:\ End 1.0000
b FA
Local/lUCS Axes
v
‘ Grid | | Render 0t of Scale ValusLabels  #Decimak: | P| LegendMin | futo|LegendMax | Aulo, B
Geomelly Loads

Draw Loads

=% Apply Wind Load Pos only to Girder 1 (bottom girder in Top View) and Wind Load Neg only to Girder 4
(top girder in Top View) in a similar manner. This time the member load will be 0.25 kip/ft and -0.25 kip/ft
respectively in Y Projection direction.

Construction Stages and Steps

Now we are ready to set up the staged construction stages and steps. Construction activities are broken down into
stages, which each represent a day of construction, and steps which are analysis steps.

=% Click the side-by-side “Show Two Explorers” button in the panel above the open explorer. It is below the
Group and Stage buttons.

=% Change the left-hand explorer to the Construction Stages Explorer by clicking the upper Stage button above

the explorers. Change the right-hand explorer to the Structure Groups Explorer by clicking the Group button in
the lower row.

Model Load Group Stage: Results
m] =i =>[3] =}
Model Load Gl Show Two Explorers Results
Construction Stages | Structure Groups
£ 4dd Stage [T Add Step 5 3 £ Add Folder I &dd Group B duto
View Struc|Load| Activ | ENDO I, Deck
-7 Girders
I, Girder 1
I, Girder 2 4
I, Girder 3
I, Girder 4

I, Rigid Members
I, Composite 2

Mo Property

I

Stages and Groups Explorers Side-by-Side
In this example, we will have six construction stages.

=% Create a new Stage by clicking the Add Stage button in the Construction Stages Explorer.
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You will see a new Stage and a new Step created.

=% Click Add Step in the Construction Stages Explorer to add a second step in this first construction stage.

=% Using Add Stage and |Add Step buttons, create the configuration that you see on the left hand side of the

below figure.

It is also possible to rename construction stages and steps by a right-click.

=% Rename the stages and steps as you see on the right hand side of the below figure.

Model Load Group Stage Results Model Load Group Stage Results
a B B a B B
Model Load Group Stage Results Model Load Group Stage Results
| Construction Stages | | Structure Groups | Construction Stages | | Structure Groups
£ Add Stage 1 e 7 3 view £F AddFolder I8 Add Group Bt Auto £7 AddStage TaddStep < 3 £ Add Folder 183 Add Group Bt Auto
View struc|Load|Actv[ENDD MO i, Deck View Struc|Load| Activ[ENDO i, Deck
Stage 1, day 1 7 Girders -7 DC1.Dap 1 7 Girders
step 1 i, Girder 1 1 Girders i, Girder 1
Ilstep2 i, Girder 2 11 Pour Deck i, Girder 2
Stage 2, day 2 I, Girder 3 I"7 Deck Hardens, Day 2 1, Girder 3
I step 1 I, Girder 4 T Deck Hardens I, Girder 4
Stage 3, day 3 i, Rigid Members "7 DC2. Dap 3 i, Rigid Members
Il step 1 I, Compasite 2 TT Non-Structural {5 Composite 2
Stage 4, day 4 =7 DWW, Day 4
I step 1 I Wearing Surfaces
Stage 5, day 5 "7 LL, Day 5
I step 1 1 Wehicular[Vertical]
Stage B, day B =7 wind Load, Day B
Il step 1 Pos.
I step 2 1 Meq.
Ma Property e (el
I I

Construction Stages and Steps

The structure groups are put into steps to indicate the order in which the members should be constructed. All Structure
Groups that are contained in a Step will be constructed at the same time. In this example, we will construct all girders
at the first step.

m% Drag the Girders folder from the Structure Groups Explorer into the Constructions Stages Explorer, onto the
DCT1’s Girders Step.

=% Drag the structure group named Rigid Members from the Structure Groups Explorer onto the same construction
step.

=% Drag the structure group named Deck from the Structure Groups Explorer into the Constructions Stages
Explorer, onto the Deck Hardens Step.

In addition to constructing, we will also load the structure within Construction Stages.

=% Change the right-hand explorer to the Load Cases Explorer by clicking the Load button in the lower row.

We will instruct LARSA 4D to include the self-weight of members as they are constructed.
=% Drag the Self Weight load case by holding the blue arrow and drop it into Girders construction step.

=% Similarly, drag the Deck Weight load case to Pour Deck construction step.
Since we apply Deck Weight in the DC1 Stage, we will set the Deck group just to gain stiffness at Deck Hardens Step.
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=% Right-click Deck structure group and select Stiffness Only.

=% Add the remaining loads to be applied at the composite state as you can see in the below figure.

£ Add Stage Ti'addStep 3 3} view! §7AddLoad Case g Add Combo 3% BB
Mod

Iodel Load Group Stage Results Model Load Group Stage Results
[m| B =k jm] =] B
Iodel Load Group Stage Results Model Load Group Stage Results

£ Add Stage T AddStep < 1)

View 3truc| Load| Activ |[ENDO 7 Load Cases

1 DCT, day 1 < & Selfwaight

=11 Girders Self Weight: -1. 2
i, +Girders —— § Influence Caefficients

2 Influence Loads [1]
l Railings
A Joint Loads [122]
l Future Wearing Surface
™ Plate Loads (480]
4 Deckweight
L1 tember Loads [240)

I, +Rigid Members

& Self weight [i=1.00) T

=-I"T Pour Deck
§ Deck weight (i=1.00) =

|"7 Deck Hardens, day 2
=-I"1 Deck Hardens T

(7 DC2. day 3 Weight & Stiffness | & \rgd Load Pos
I7T NanStiug 8 Weight Only ] L Member Loads (60)
"7 D, day 4 E— & Wwind Load Neg
[T wearing C Stiffness Only | £ Member Loads (50]
"7 LL.dav 5 R G Load Combinations
4 emove Grou
T Wehicular E
"7 Wind Load, day
Pos.
I Meg.
Mo Property
I——

37 4dd Load Case #g* Add Combo

I, +Rigid Members
4 self weight (=1.00)
=-I"T Pour Deck

& Deck weight [i=1.00)

I=7 Deck Hardens, day 2
=-I"1 Deck Hardens

Q +Deck
7 DC2, day 3
=TT Mon-Structural

4 Railings (f=1.00)
"7 D, day 4
=1 Wearing Surfaces

l Future Wearing Surface (f=1.00]
7 LL, dap 5
=1 Wehicularlertical]

Influence Coefficients (f=1.00]

7 Wind Load, day 6
=11 Pos.

4 wind Load Pos (i=1.00]
=1 Meq.

4 wind Load Neg [f=1.00)

View 3truc| Load| Activ |[ENDO 7 Load Cases

7 DC1. day 1 < b Selfweight

=11 Girders Self Weight: -1. 2
i, +Girders —— § Influence Caefficients

2 Influence Loads (1)
= l Railings

A Joint Loads [122]
= l Future Wearing Surface

T Plate Loads [480)
< § Deck Weight

L1 tember Loads [240)
=— & wind Load Pos

L1 tMember Loads (60)
= § ‘wind Load Neg

£ Member Loads [60)
I=7 Load Combinations

Mo Property

I—

Construction Loads

Construction Attributes

In LARSA 4D, each Construction (or analysis) Step has default construction attributes such as Nonlinear Static as

the default Analysis Type.

We need to modify the analysis type of the Vehicular (Vertical) step in order to run Influence Based Live Load Analysis

at that step.

=% Right-click Vehicular (Vertical) step and choose Properties .

=% [n Construction Attributes window, set the analysis type to Static Moving Load/Influence .
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Construction Attributes

LL (Day b): Vehicular (Vertical)

(®) Constuct [Activate] Elements in thiz Step () Deconztiuct [Inactivate] Elements in this Step

Segmental Construction Method

(®) Cast in Place

Mo comections are made on joint coordinates.
This iz the default construction method.

() Hinged Cast

Mewly azzembled joint: take the defarmation of the
lazt joint in the previouzly azsembled seqment.

Last Loaded Hew Segment () Matched Cast
Segrment Before Loading : Mevaly azzembled joints are placed along the tangent
———=— Caztin Place ; e
.\\t [ ) of the previous segrment zuch that the original length
ST -8 Hinged Cast aof the segment iz preserved.
T Matched Cast N . .
Thiz option applies only to zegmental constuction.

Analyziz Type Impact Factor
Static Moving Load/Influehce W 1

Help Cancel

Construction Attributes

[ ] Auto-remove loads prior to nest step

You will see on the left hand side of the Analysis type, there is an option Auto-remove loads prior to next step which
is used for the temporary loads within Construction Stages.

% Check this box for the construction attributes of wind load cases.

=% Enable complete rendering and left click the steps one by one in order to visualize the construction sequence.

7

DC1 / Girders
s

DC1 / Pour Deck Deck Hardens

DC?2 / Non-Structural DW - Wearing Surfaces Wind Load / Pos.

Construction Sequence
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=% Click View Full Model button to reset the graphical view to show all elements, regardless of whether they
have been constructed or not.

Model Load Group Stage: Results
B m

Construction Stages

£f AddStage FFAddStep #C 3 [View Ful
Miodel

View Struc|Load|Activ |[ENDO

DC1. daw 1
=~ Girders
I, +Girders
i, +Rigid Members

The View Full Model Button

Include Time Effect on Modulus

LARSA 4D’s Time-Dependent Staged Construction Analysis is a more advanced version of the Staged Construction
Analysis that includes time-dependent effects including the effect on concrete elastic modulus, creep, shrinkage, steel

relaxation for tendons, and the effects of superimposed loads. In this training, we will only include the time effect on
concrete elastic modulus.

Before setting the material properties, we choose which time-dependent effects to include in the analysis.
=% Go to Analysis — Time Dependent Analysis Options .
=% Uncheck all other options and check the ' Include Time Effect on Modulus checkbox.

=¢ Click OK to close the window.

Time-Dependent Analysis Options

Creep & Shrinkage & Time Effect on Modulus

. 0K
n Include O Include Include Time

Creep Shrink age Effect on Modulus
Cancel

Code For Creep & Shiinkage:

Include creep of tensile
CEBFIFS0 ~ 0 awial farce for beams

Tendon Stress Losses

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

Time-Dependent Analysis Options

For the Time-Dependent Staged Construction Analysis, the day of each stage (which we will set) impacts the material
properties of the members and shells. Additionally, a casting day must also be set for each concrete member undergoing

time-dependent effects. The age of each concrete member is the difference between its casting day and the day of
the stage.

To illustrate how the casting day can be set, we will set the casting day of deck concrete to Day 1 using the spreadsheets.
% Go to Input Data — Geometry and change to Shells tab.
m% Click the column header for the Casting column to select the entire column.
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=% [n the spreadsheet edit tool in the toolbar enter 1, then click the checkmark to apply the change to the selected
cells.

m® Close the spreadsheet.

=% Go to Input Data — Construction Stages and modify the Construction Day of LL and Wind Load stages as
100 and 101.

Now, we will first indicate which material in the model is subject to time-dependent behavior. By default, no material
is subject to time effects. We will create a “Material Time Effect definition” and assign it to the deck concrete material
to indicate that it will undergo time effects.

Material Time Effect definitions may also be assigned to section definitions in the project if it is more convenient, but
a member should not have a Material Time Effect definition on both its material and section.

=% (o to | Input Data — Properties .

Note that the modulus of elasticity of concrete (Fc_4) material is 3,605,000 Ib/in’.
=% Change to the Material Time Effects tab.

% Add one row to the spreadsheet and change the name of the material time effect definition to “Concrete Time”.

£ o =] e
M aterials \ Sections \ UCs \ Spring Properties \ |zolator Definitions \ Material Time Effects Temperature Curve \
R 7 Congtant in Temp. . ~
Creep Shrinkage | Relaxation |Exponent of Creep ; Adiusted Steel Helaxation -
Name Factor Factor Factor Development Eqn. Devggl;r::rﬁeE o [:D:-::i;e Type Assigned
1 |Concrete Time 1.0000 1.0000 1.0000 0.3000 350.0000 No Improved(Class 2) Mo
2
£ > w

Show Only Selected Objects
Material Time Effects
m% Right-click the row and choose Edit Curve: Time VS Modulus of Elasticity .

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”.

For permanent loads:

Long-term modular ratio = Egjrger/(Egeck/3) = 3n where Egeci/3 = 3,605,000/3 = 1,201,666.67 Ib/in?

For short-duration loads:

Short-term modular ratio = Egjrger/Edeck = N Where Egeck = 3,605,000 Ib/in?

=% Enter time versus modulus of elasticity curve data accordingly.
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!._' Tirne V5 Modulus of Elasticity: Concrete Time

Coefficients Graph \
Modulus of
Age [Days] Elasticity
[Ibfin)

1 1.0000 1.2017e6
2 99.0000 1.2017eb
3 100.0000 3.6050e6
4 200.0000 3.6050e6
5 |

Time VS Modulus of Elasticity Coefficients

i Time Vs Modulus of Elasticity: Concrete Time

[E=5 BB =)
Cosfficients *,  Graph

Concrete Time Coefficients
3700
3600
3.500

3605
3605

Modulus of Elasticity (10°6)

B
M2
1.202

1.0 210 31.0 41.0 51.0 61.0 1.0 &1.0 1.0 101.0 111.0 121.0 131.0 141.0 151.0 161.0 171.0 181.0 191.0
Age (Days)

Show Only Selected Objects

Time VS Modulus of Elasticity Graph

m% Close the spredsheet and switch to Materials — More Properties| tab.

=% For the Fc 4 material, change the Material Time Effect column to “Concrete Time” and close the spreadsheet.

Running the Analysis

We can now run the Time-Dependent Staged Construction Analysis. The analysis will compute the state of the structure
after each construction step accounting for the effect of time on concrete modulus.

=% Go to Analysis — Staged Construction Analysis .
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=% Choose the Time-Dependent analysis type.

=% Open the Construction Stages options tab, and set Ending Construction Stage to the last stage, Day 101: Wind
Load.

Run 5Staged Construction Analysis

Select Analpsiz T .
FlEcl Analss 1ype Solution Convergence |

standard | | Corstruction Stages Staged Canstruction Options |
Time-Dependent Analyze
Starting Construction Stage
[ay 1: DC1 - Clase
Ending Construction Stage Cancel
Dray 1071: Wwind Load w
[ Keep Previous Results
Perfarm Quick Integrity Check Help

Description:

Ferforms & standard construction
analysis, butincludes
time-dependent material effects.

Staged Construction Analysis Options
=% Click Analyze .

=% After the analysis completes, close the analysis window.

Analysis Results

The Analysis Results Explorer will open automatically. This time the result cases are in the Construction Stages group.
Inside this group there will be a group for each construction stage, and inside that the results for each construction step.
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Analysis Results

Select result cazes to wiew from the list below.

# Load Cases
Load Combinations

= DC
DC: Giders
DCT: Paur Deck
= Deck Hardens
Deck Hardens: Deck Hardens
=DC2
DCZ: Mon-Stuctural
= D
[ Wearing Surfaces
LL
= ind Load
Wind Load: Pos.
Wind Load; Meq,
# Moving Load Cazes
Time History Cazes
Pushover Cases
Comba with Maving Load Caszes
Stage Analysiz Scenariofs)
RS54 Modal
# Mode Shapes
= Influence-Based
Influence Surface

Staged Construction Results

=% [n the Graphics Window, unselect all elements and select the outer support at Pier 1 location (joint 191) using

the graphical selection tools.

=% [n the result groups, right-click the result case DC1: Girders and select Joint Reactions.

You will just see the reactions of the selected support.

=% Holding the key on your keyboard, click all construction steps in the Analysis Results window.

= = |[=]

/|
Min/Max for | Mone ~ S E:;Z:‘:EI:TIOE:ISUI?S Wiew Full Curnulative Results ~
Force Force Force Moment Moment Moment
Joint Result Case X Y zZ
[kip<] (kips) (kips) (kips-ft) (kips-ft) (kips-ft)
191 DC1: Girders 0.0000 0.0000 241330 0.0000 0.0000 0.0000
2 | 191 DC1: Pour Deck 0.0000 0.0000 135.4955 0.0000 0.0000 0.0000
= 191 Deck Hardens: Deck Hardens 0.0000 0.0000 1354955 0.0000 0.0000 0.0000
4] 191 DC2: Mon-Structural -20.5161 -7.4401 198.8751 0.0000 0.0000 0.0000
L5 | 191 DW: Wearing Surfaces -16.5268 -6.2096 | 218.2604 0.0000 0.0000 0.0000
| & | 191 Wind Load: Pos. -18.9222 -13.9229 | 2191288 0.0000 0.0000 0.0000
7 191 Wind Load: Meg. -16.0794 -1.2701 | 2224156 0.0000 0.0000 0.0000

Results of Multiple Steps
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| Analysis Results

Select result cases to view from the list below

i Load Cases
Load Combinations
= Construction Stages
Elin|
DC1: Girders
DC1: Pour Deck
= Deck Hardens
Deck Hardens: Deck Hardens
=DC2
DC2 Mon-Stuctural
= DWW
D' Wearing Surfaces
LL
= Wind Load
‘Wind Load: Pos.
‘wind Load: Neg.
# Moving Load Cases
Time History Cases
Pushover Cases
Cambo with Moving Load Cases
Stage Analysis Scenariols)
RS54 Modal
# Mode Shapes
= Influgnce-B aged
Irfluence Surface
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The default results displayed are always the cumulative results. It represents step by step accumulating effects on the
structure.

m% At the top of the spreadsheet, turn on Incremental Results .

ﬂ Joint Reactions EI@
Minddas for | Mo - E:;Tﬁ:tiloi:lsaltcss Wigw Full Curnulative Fesults ~
Force Force Force Moment Moment Moment ~
Joint Result Case X Y Z
[kipg] (kips) (kips] [kips-ft) [kips-ft] [kips-ft)
1 191 DCA1: Girders 0.0000 0.0000 24.1330 0.0000 0.0000 0.0000
2 191 DC1: Pour Deck 0.0000 0.0000 111.3625 0.0000 0.0000 0.0000
3 191 Deck Hardens: Deck Hardens 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
4 191 I DGC2: Non-Structural I -20.5161 -7.4401 63.3797 0.0000 0.0000 0.0000
] 191 DW: Wearing Surfaces 3.9893 1.2306 19.3853 0.0000 0.0000 0.0000
g 191 Wind Load: Pos. -2.3953 -7.7133 0.8683 0.0000 0.0000 0.0000
7 191 Wind Load: MNeg. 0.4474 4.9395 41551 0.0000 0.0000 0.0000
< F|w

Incremental Results

The results that you see in the spreadsheet represent the incremental effects on the structure from various construction
steps.

Since we have set load classes to corresponding load cases, we will also be able to extract class-based results.

=% Now change View Full Cumulative Results to Extract Dead Load of Nonstructural Components .

ﬂ]oint Reactions EI@
. Incremental B esults
i/t ax for | Mone ~ ] Repart In Local LICS Extract Dead Load of Nonstructural Compaonents
Force Force Force Moment Moment Moment ]
Joint Result Case X Y Z Z
(kips) (kips] [kipz] [kips-ft) [kips-ft) [kips-ft]
1 13 DC1: Girders 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 191 DCA: Pour Deck 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 191 Deck Hardens: Deck Hardens 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
4 191 I DC2: Non-Structural I -20.5161 -7.4401 63.3797 0.0000 0.0000 0.0000
5 191 DWW: Wearing Surfaces -20.5161 -7.4401 63.3797 0.0000 0.0000 0.0000
5 191 Wind Load: Pos. -20.5161 -7.4401 63.3797 0.0000 0.0000 0.0000
7 19 Wind Load: Meg. -20.5161 -7.4401 63.3797 0.0000 0.0000 0.0000
£ >V

Class-Based Results

The results that you see in the spreadsheet represent the cumulative effects coming from the dead load of nonstructural
components on the structure for various construction steps. Recall that we only have the Railing load as dead load of
nonstructural components (load class) and it is applied at DC2: Non-Structural step within construction stages. This
is why we see the effects of the Railing Load on the structure starting from that step, and the cumulative results do
not change afterwards.

For this example, the incremental effects of DC2: Non-Structural construction step and the contribution from dead

load of nonstructural components class are the same. If there were more than one load case with different load classes
applied in a single construction step, these results would be different from each other.
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Compound Element Forces

The bridge design codes, such as AASHTO LRFD, require the values of the resultant section forces acting at the center
of gravity of the cross section. In LARSA 4D, Compound Element Forces tool is used to determine the section forces
at the center of gravity, in a girder or composite section modeled not as a single beam, but as a mesh of shells or as
a combination of beams and shells.

In the preceding chapter of the manual, we have illustrated the use of Compound Element Forces by slicing the structure
at a particular position.

The structure can also be sliced in a number of stations along the Global Coordinate System or the Bridge Path to be
used for computation of the compound element forces. At each station, a section plane is created laterally perpendicular
to the bridge path and perpendicular to the XY plane. This plane passes through elements in the model representing
the bridge girder or the composite section.

The analysis results present the forces and moments acting at each node of each element through which the section
plane passes. The forces at the nodes of each element are then proportioned to determine their values at the location
of the intersection with the section plane. This is done for each element intersection at every station along the length
of the girder. The forces and moments at each intersection point in the section plane are then used to compute the
equivalent forces and moments at the center of gravity of the cross section.

Now, we will review section forces in Girder 2 at certain intervals for non-composite and composite states.

Before using the tool, user needs to select the interested geometry graphically or the corresponding structure group in
the Structure Groups Explorer and also the interested result case in the Analysis Result Explorer.

=% In the Structure Groups Explorer, select “Composite 2” structure group.
=% [n the Analysis Results Explorer, activate “DC1: Pour Deck” result case under Construction Stages heading.

=% Go to Results — Compound Element Forces .

View Compound Element Forces *

The structure will be shiced at provided intervals. and then the compound element forces will be
computed at each shcing plane.

Slice the structure at | certain intervals | in the ¥Z plane of | Global ~

The interval unit system matches the coordinate unit gystem specified under ‘Input Data > Units'
and can be changed through the same menu.

Since the structure will be ghced along the X axig of the specified coordinate system, you may want
to exclude certain parts of the structure [Ex: I your bridge containg multiple girders, you may want
to include only one of the girders). Only selected elements are considered in compound element
forces. You can make zelections on the graphics window without cloging this dialog.

Once you have the partg of the structure selected, click below button to see the compound element
forces.

Slice Interval 1.0000| fest [f]

Show Compound Element Forces

Compound Element Forces Tool

=% Enter 1.0 ft for the slice interval.
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m% Click Show Compound Element Forces button.

(] [= ==
Foom 1.863%  Stage: DC1f Pour Deck

A"\L......u.......u...u................. o s0s0000000e0000000

= Y

Local/lUCs Axes

| Grid Render Out of Scale [~ Walue Labels # Decimals: Legend kin Auta| Legend Max Auta 7
!! Compound Element Forces EI@
Mindtax for Mane v | [ Incremental Results View Full Cumnulative Results ~
Station Centroid | Centroid | Centroid | Force Foice Force M M M 2
Elements Path i) Result Case X Y z ’ L F X Y Zz
[ft) [t [Ft) [kips] [kips] [kips] [kips-ft) [kips-ft) [kips-ft]
1 41 Global X Axis 0.0000 DCA: Pour Deck | 0.0000 | 12.0000 | -2.8750 = 0.0000 0.0000 | 62.7960  0.0000 0.0000 0.0000
2 | 41 Global X Axis 1.0000 DCA: Pour Deck | 0.0000 | 12.0000 | -2.8750 = 0.0000 0.0000 | 61.2266 0.0000 58.8725 0.0000
=N 41 Global X Axis = 2.0000 DCA: Pour Deck | 0.0000 | 12.0000 | -2.8750 = 0.0000 0.0000 | 59.6572 0.0000 117.7449 | 0.0000
L4 | 41 Global X Axis 3.0000 DCA: Pour Deck | 0.0000 | 12.0000  -2.8750 = 0.0000 0.0000 | 580877 00000 176.6174  0.0000
9] W41 Global X Axis | 4.0000 DCA: Pour Deck | 0.0000 | 12.0000 | -2.8750 = 0.0000 0.0000 | 56.5183 | 0.0000 2354898 | 0.0000
| B ] W41 Global X Axis 5.0000 DCA1: Pour Deck | 0.0000 | 12.0000  -2.8750 = 0.0000 0.0000 | 54.9489  0.0000 294 3623 | 0.0000
L7 42 Global X Axis 6.0000 DCA: Pour Deck | 0.0000 | 12.0000  -2.8750 = 0.0000 0.0000 | 53.3795 | 0.0000 3453877 | 0.0000
| 8] 42 Global X Axis 7.0000 DCA: Pour Deck | 0.0000 | 12.0000 | -2.8750 = 0.0000 0.0000 | 51.8101  0.0000 396.4130 | 0.0000
3 42 Global X Axis 8.0000 DCA: Pour Deck | 0.0000 | 12.0000 | -2.8750 | 0.0000 0.0000 | 502407 | 0.0000 4474384 | 0.0000
£ 2w

Non-composite State Section Forces

Even though the “Composite 2” structure group including the deck shell elements is selected, if we look at the cells
under Elements column, we see that since deck has not gained its stiffness in “DC1: Pour Deck” step yet, the section
forces are reported along the non-composite girder elements.

=% Without closing the spreadsheet, activate “DC2: Non-Structural” result case in the Analysis Results Explorer.
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L{] (= [=]=]
Zoom 1.563%  Stage: DC2 / Mon-Structural

o

Local/lUCE Axes

| Grid Render Out of Scale [ Value Labels # Decimals: Legend Min Auto Legend Max At 7
¥ Compound Element Forces EI@
Mindtax for | None ~ [ Incremental Results Wiew Full Cumulative Results ~
Station Centroid | Centroid | Centioid |  Force Force Force M t M t M LI |
Elements Path ) Result Case = Y Z ® Y Z X Y Z
[ft) (Ft) [ft) [kips) (kips) [kips) [kips-ft) [kips-ft) (kips-ft)
1 41 P21, P41 Global X Axis 0.0000 DC2: Mon-Structural| 0.0000 | 12.0000 -1.5686 -1.2012 = 3.4355  61.6370 -8.3144 2.0808 -9.7307
| 2 | Md41 P21, P41 Global X Axis 1.0000 DC2: Non-Structural| 0.0000 | 12.0000 -1.5686 -1.2012 34355 60.0676 -7.4246 59.7942 -6.2952
| 3 | M4t P21, P4 Global X Axis =~ 2.0000 DC2: Non-Structural 0.0000 | 12.0000  -1.5686 -1.2012 34355 584982 -6.5348 | 117.5077 @ -2.8597
| 4 | M4 P21, P4 Global X Axis 3.0000 DC2Z: MNon-Structural 0.0000 12.0000 -1.5686 -1.2012 = 34355 | 56.9288 -5.6450 | 1752212  0.5758
| 5 | M41 P21, P4 Global X Axis = 4.0000 DCZ: Non-Structural 0.0000 | 12.0000  -1.5686 -1.2012 = 34355 553593 -4.7552 | 2329346 4.0113
| B | M41 P21, P41 Global X Axis 50000 DC2: Mon-Structural, 0.0000 12.0000 -1.5686 -1.2012 | 34355 537899 -3.8655 | 2906481 7 4468
| 7 | W42 P22, P42 Global X Axis 6.0000 'DC2: Mon-Structural 0.0000 12.0000 -1.5686 -6.3650 = 7.7049 | 524754 -14.1484 | 3491860 @ -19.9425
| 8 | M42 P22 P42 Global X Axis 7.0000 DC2: Non-Structural 0.0000 12.0000 -1.5686 -6.3650 @ 7.7049 | 50.9060 -13.5155 | 399.3073 @ -12.2376
9 M42 P22, P42 Global X Axis §.0000 |DC2: Non-Structural| 0.0000 | 12.0000 -1.5686 @ -6.3650 | 7.7049 | 49.3366  -12.8826 | 4494286 4.5326
£ >|w

Composite State Section Forces
For composite state, deck shell elements are also included in the cross section when reporting the section forces.

The center of gravity is computed by the program for the respective cross sections at every station. If the section is
a composite section with steel girder and the concrete deck like our current model, composite centroid is computed
by transforming deck concrete into an equivalent amount of steel also taking into account the time effect on concrete
elastic modulus.

| In Global Coordinate 12 fi= 144 in
I'System |

Z=0ft Igin

Aga.tder =064.48 i.ﬂz
E girder = 29000 ksi
Egecx =3605 ksi

Compute Composite Centroid

deck centroid — Z =0 ft , _ [53.703 in? x (0 f1)] + [64.48in” x (- 2.875 f1)]
girder centroid — Z=-2.875 ft 60'in o 53.703in> + 64.48 in*
Transform Deck Z.=-15686 ft

Long-term modular ratio is used for
DC2: Non-Structural step

144 in x [(3605 ksi / 3) / (29000 ksi)] = 5.967 in

4
Ao = 0inx 5.967 in = 53.703in’

e L

A

Centroid of Composite Section
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A Final Note on Code-Based Stresses

In LARSA, Member Stresses are the internal stresses along the length of the member, in member local directions.
Reported normal stresses at stress recovery points include axial, longitudinal bending and lateral bending stresses (If’
exists, also the self-equilibriating stresses):

Normal Stress = Fx/Area + z*My/lyy + y*Mz/Izz

Shell stresses are the internal stresses of shells, either at the center of the shell, in the spreadsheet named Shell Stresses
on Center, or at the joint locations, in the spreadsheet named Shell Stresses at Joints.

For most cases, the member or shell stress analysis results reported in result spreadsheets are not compatible with the
code-based stresses required for design. For example, AASHTO LRFD requires the stress parameter fi,, which is the
flange longitudinal bending stress calculated without consideration of flange lateral bending.

For the calculation of fi,, parameter, instead of reading stresses directly from stress result spreadsheets, the design
moment at the section due to strong-axis bending should be extracted using the Compound Element Forces tool and
computed using the section properties of the cross-section under consideration.

For More Information, please refer to the following documentation.

+ Structure Groups Explorer in LARSA 4D User’s Manual.

* Loads in LARSA 4D Reference Manual.

+ Staged Construction Analysis in LARSA 4D Reference Manual.
* Compound Element Forces in LARSA 4D Reference Manual.
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