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Chapter 1
Introduction

SAP2000/Bridge is an analysis and design program for bridge structures.
The ease with which complex bridge structures can be modeled has made the
SAP2000/Bridge  program the most useful bridge analysis and design pro-
gram in the industry.

Using SAP2000/Bridge , engineers can easily define complex bridge geome-
tries, boundary conditions and load cases. The bridge models are defined pa-
rametrically, using terms that are familiar to bridge engineers, such as layout
lines, spans, bearings, abutments, bents, hinges, and post-tensioning. The soft-
ware creates spine, shell, or solid object models that update automatically as
the bridge definition parameters are changed.

SAP2000/Bridge  Design allows for quick and easy design and retrofitting of
steel and concrete bridges. The parametric modeler allows the user to build
simple or complex bridge models and to make changes efficiently while main-
taining total control over the design process. Lanes and vehicles can be defined
quickly and include width effects. Simple and practical Gantt charts are avail-
able to simulate modeling of construction sequences and scheduling.

The SAP2000/Bridge  module runs within the SAP2000 Plus or Advanced
versions of SAP2000 . It includes an easy to follow Wizard that outlines the
steps necessary to create a bridge model.

1-1
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Completely integrated within the SAP2000/Bridge Design package is the
power of the SAPFire analysis engine, including staged construction, creep and
shrinkage analysis, cable tensioning to target forces, camber and shape finding,
geometric nonlinearity (P-delta and large displacements), material nonlinearity
(superstructure, bearings, substructure, and soil supports), buckling, and static
and dynamic analysis. All of these apply to a single comprehensive model. In
addition, AASHTO LRFD design is included with automated load combina-
tions, superstructure design, and the latest seismic design.

Organization

This manual is designed to introduce you to SAP2000/Bridge design when
modeling concrete box girder bridges and precast concrete girder bridges.
Chapter 2 describes basic steps involved in creating a bridge model. Chapter 3
explains how loads are applied, including the importance of lanes, vehicle
definitions, vehicle classes, and load cases. Chapter 4 touches on the analysis
and display of design output.

Recommended Reading/Practice

It is strongly recommended that you read this manual and review any applica-
ble “Watch & Learn” Series™ tutorials, which are found on our web site,
http://www.csiberkeley.com, before attempting to design a concrete box girder
or precast concrete bridge using SAP2000/Bridge. Additional information can
be found in the on-line Help facility available from within the software’s main
menu.

Organization
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Chapter 3
Load the Bridge Model

Lanes

This chapter describes the various bridge loading options that are available in
SAP2000/Bridge. This chapter focuses mainly on vehicular live loading. The
later part of this chapter describes application of temperature loads as well
other bridge related loads. Seismic loading is covered in the Seismic Design of
Bridges Using SAP2000/Bridge manual.

A moving load analysis can be used to determine the response of a bridge
structures as a result of the weight of vehicular live loads. SAP2000/Bridge
provides power and flexibility for determining the maximum and minimum
displacements, forces, and stresses due to multiple-lane loads on complex
structures, such as highway interchanges. The effects of vehicle live loads can
be combined with static and dynamic loads, and envelopes of the response can
be computed.

Lanes are required if vehicular loads are to be added to a bridge model. Lanes
represent the line or area where the live loads can act upon the superstructure.
Lanes may have width and can follow any straight or curved path. Multiple
lanes need not be parallel or of the same length, so that complex traffic patterns
may be considered. The program automatically determines how the lanes load
the superstructure, even if they are eccentric to a spine model. Conventional in-
fluence lines and surfaces resulting from the loading of each lane can be dis-
played for any response quantity. Vehicle live loads can be selected from a set
of standard highway and railway vehicles, or user-defined vehicle live loads



Introduction to SAP2000/Bridge

3-

2

can be created. Vehicles are grouped into vehicle classes, such that the most
severe loading of each class governs.

Two methods can be used to calculate the effects of vehicular live loads,
namely, influence-based enveloping analysis and step-by-step analysis with
full correspondence. The basic steps required for these two types of analysis
are as follows:

Influence-based enveloping analysis:

Vehicles move in both directions along each lane of the bridge. Using the in-
fluence surface, vehicles are automatically located at such positions along the
length and width of the lanes to produce the maximum and minimum re-
sponse quantities throughout the structure.

Each vehicle may be allowed to act on every lane or be restricted to certain
lanes. The program can automatically find the maximum and minimum re-
sponse quantities throughout the structure resulting from placement of differ-
ent vehicles in different lanes. For each maximum or minimum extreme re-
sponse quantity, the corresponding values for the other components of re-
sponse also can be computed.

Step-by-step analysis:

Any number of vehicles can be run simultaneously on the lanes, each with its
own starting time, position, direction and speed. Step-by-step static or time-
history analysis can be performed, with nonlinear effects included if desired.

For most design purposes, the enveloping-type analysis using Moving-Load
Load Cases is most appropriate. For special studies and unusual permit vehi-
cles, the step-by-step approach can be valuable.

For the example model, moving live loads will be analyzed using the influ-
enced-based enveloping method. The steps that are necessary to define this
type of load case are described in the text that follows and begin with lane
definitions.

Lanes
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3.1

Lanes

A traffic lane is defined with respect to a reference line, which can be a bridge
layout line or a line (path) of frame elements. The transverse position of the
Lane center line is specified by its eccentricity relative to the reference line.
Lanes are said to “run” in a particular direction, namely from the first location
on the reference line used to define the lane to the last. A width for each lane
can be specified, which may be constant or variable along the length of the
lane. When a lane is wider than a Vehicle, each axle or distributed load of the
vehicle is moved transversely in the Lane to maximum effect. If the lane is nar-
rower than the vehicle, the vehicle is centered on the Lane and the vehicle
width is reduced to the width of the lane.

As an example, two 12-foot-wide lanes, each having an offset of 8’-0” from the
centerline of the sample bridge, are added as follows.

1. Click Item 9.1 Lanes and the Define/Show Lanes button on the Bridge
Wizard or the Bridge menu > Lanes command to access the Define
Lanes form shown in Figure 3-1. Lanes can be added along the reference

line or along
Lanes Click to:

Add Mew Lane Defined From Layout Line...

Add Mew Lane Defined From Frames...

Caticel |

Figure 3-1 Define Lanes form

2. Click the Add New Lanes Defined from Layout Line button to add the
lane along the layout line defined in Chapter 2. The Bridge Lane Data
form shown in Figure 3-2 will display.

Lanes 3-3
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Bridge Lane Data

Coordinate System Units
Lane Name |LANET |GLOBAL | |Kip. ft, F =l
F awirium Lane Load Discretization Lengths Additional Lane Load Discretization Parameters Along Lane
&long Lane 10. [v Dizcretization Length Mat Greater Than 1/ 4. of Span Length
Across Lane 10. [v Discretization Length Mot Greater Than 1/ 10. of Lane Length
Lane Data
Bridge Station Centerline Dffzet Lane Wwidth M L
Layout Line ft ft ft ave Lane...
|BLL1 |2nu
BLL1
Insert
M odify
Delete
Flan Yiew [#-7 Projection] Objects Loaded By Lane
Layaut Line f«  Program Determined
Station ® EEy
STl Bearing
Fadius Lane Edge Type
Grade Left Edge Interior -
b Right Edge Interior -
¥ N
N = Dizplay Calor .
* Snap To Layout Line
4 ﬂ ™ Shap ToLane oK I Cancel |

Figure 3-2 Bridge Lane Data form

3. Click the Add New Lanes Defined from Layout Line button to add the
lane along the layout line defined in Chapter 2. The Bridge Lane Data
form shown in Figure 3-2 displays.

4. Enter data to match that shown in Figure 3-2. Note that the Lane data in-
cludes two lines that define the start and end stations, centerline offset
and lane width. The lane display color also can be selected.

5. Define a second lane as described in Steps 3 and 4, except use the lane
offset distance set at 8 feet.

Use the Display menu > Show Lanes command to view the lanes as shown in
Figure 3-3.

3-4 Lanes
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3.2

Figure 3-3 3D view of bridge model and lanes

When skewed abutments exist, the layout lines should extend beyond the
length of the bridge by a small amount. This way the lanes can start and end a
small distance from the abutments such that the lanes will completely cover
(and load) the deck areas near the skews. This was not completed in this exam-
ple model.

Vehicles

Any number of vehicle live loads, or simply vehicles, may be defined to act on
the traffic lanes. Standard types of vehicles known to SAP2000/Bridge can be
used or the general vehicle specification can be used to create user-defined ve-
hicle types. All vehicle live loads represent weight and are assumed to act
downward, in the —Z global coordinate direction. Each vehicle definition con-
sists of one or more concentrated or uniform loads, or both.

Axle loads act at a single longitudinal location in the vehicle. Uniform loads
may act between pairs of axles, or extend infinitely before the first axle or after
the last axle. The width of each axle load and each uniform load is specified
independently. Those widths may be fixed or equal to the width of the Lane.

Vehicles 3-5
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Longitudinally, axle loads are similar to a point load. Transversely, axle loads
may be represented as one or more point (wheel) loads or as distributed (knife-
edge) loads. Knife-edge loads may be distributed across a fixed width or the
full width of the lane. Axle loads may be zero, which can be used to separate
uniform loads of different magnitude.

Longitudinally, the uniform loads are constant between axles. Transversely,
these loads may be distributed uniformly across the width of the lane, over a
fixed width, or they may be concentrated at the center line of the lane.

6. Click Item 9.2 Vehicles and the Define/Show Vehicles button or the
Bridge menu > Vehicles command to access the Define Vehicles form
shown in Figure 3-4.

Define Vehicles

ehicles Chooze Yehicle Type to Add

Click, to:

AddVehicle.. |

(] | Cancel |

Figure 3-4 Define Vehicles form

Use the form to add Standard or General Vehicles definitions. The Standard
Vehicles available in SAP2000 represent vehicular live loads that are specific
to various design codes. A more complete description of the standard vehicle
types and properties is available in the Analysis Reference Manual.

The general vehicle may represent an actual vehicle or a notional vehicle used
by a design code. Most trucks and trains can be modeled using the SAP2000
General Vehicle. The General Vehicle consists of n axles with specified dis-
tances between them. Concentrated loads may exist at the axles. Uniform loads

Vehicles
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may exist between pairs of axles, in front of the first axle, and behind the last
axle. The distance between any one pair of axles may vary over a specified
range; the other distances are fixed. The leading and trailing uniform loads are
of infinite extent. Additional “floating” concentrated loads may be specified
that are independent of the position of the axles.

7. On the Define Vehicles form, set the Vehicle Type to “Standard Vehicle”
and click on the Add Vehicle button. This accesses the Add Standard
Vehicle form shown in Figure 3-5.

Standard Yehicle Data

Wehicle Marme

Data Definition

Wehicle Type

Scale Factar

Dynamic Allowance |337
Conversion

Convert To General Vehicle |

[ Wehicle Remainz Fully In Lane
[In Larne Longitudinal Direchion)

kK | Cancel |

Figure 3-5 Add Standard Vehicle form

8. Select the desired vehicle from the Vehicle Type drop-down list. For the
example model, added the HL93S, HL93M and HL93K vehicles.

If the desired vehicle is not part of the list, return to Step 7 and select the Gen-
eral Vehicle type option.

View the specific properties of a vehicle definition by clicking the Mod-
ify/Show button on the Define Vehicles form. Using the Modify/Show button
to view the properties for the ASHTO LRFD HL93-S vehicle displays form
shown in Figure 3-6.

Vehicles 3-7
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General Yehicle Data

I Vehicle &pplies To Shadd Jacent] Lane Straddle Reduction Factar

Wehicle name Units

[HL 335 |Kip, 1. | '
. Floating Axle Loads : _

Yalue ‘width Tupe Aule Width Laoad Plan

For Lane Moments | | bl _“
i T _

[~ Double the Lane Moment Load when Calculating Megative Span Moments Load Elevation

Uszage- Idin Dist Allowed From éxle Load - Length Effects
¥ Lane Megative Moments & l Lane Exterior Edge Ale G v 5t
I e HEal IR ; Lane Interior Edge Unrifaim 16t /5t
Loads .
Load Minimurn M aximurm Urifarm Unifarm Urifarm Axle Ale bdle
Length Tupe Distance Distance Load ‘wWidth Tupe Wwidth Laad ‘wiidth Type width
Leading Load j] = | ] [ Fimed ‘Widt J] : | e J] 1
Fixed Length . 0.576 Fixed Width 0. 38.304 Fiwed ‘width Line 10.
Fixed Length 14. 0.576 Fixed Width 0. 38.304 Fiwed ‘width Line 0.
“ariable Length 50. 0. (Infinite]  |0.576 Fixed Width 0. 9576 Fiwed ‘width Line 10.
Fized Length 14 0.576 Fixed Width 10 38.304 Fized “Width Line 10.
Fixed Length 14. 0.576 Fixed width 0. 38.304 Fiwed 'width Line 0.
Trailing Load Infimite 0.576 Fixed Width 10.

3.3

3-8

Figure 3-6 General Vehicle Data form

Vehicle Classes

Vehicle classes must be defined to analyze bridge modelfor vehicle live loads
using a moving load case. A vehicle class is simply a group of one or more ve-
hicles for which a moving load analysis is performed (one vehicle at a time).

9. Click Item 9.3 Vehicle Classes and the Define/Show Vehicle Classes
button or the Bridge menu > Vehicle Classes command to access the
Define Vehicle Classes form. Click the Add New Class button to access
the Vehicle Class Data form shown in Figure 3-7.

Vehicle Classes
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Vehicle Class Data

Yehicle Clazz Name |H|-|

Define Yehicle Class

Wehicle MName Scale Factar

HL-935-1 >l

HL-93K.1 1

HL-53#-1 1 Add

b odify

Delete

RkE

(] | Cancel

Figure 3-7 Vehicle Class Data form

10. Select the Vehicle Classes and scale factor as shown in the figure. Speci-
fying this data is necessary to be able to define a Moving Load Case.

Load Patterns

A load pattern is a specified spatial distribution of forces, displacements, tem-
peratures, and other effects that act upon the structure. A load pattern by itself
does not cause any response in the structure. Load patterns must be applied in
load cases to produce results. Use Item 11 Load Pattern Definitions and the De-
fine/Show Load Patterns button on the Bridge Wizard or the Define menu >
Load Patterns command to define the load pattern.

The “Bridge Live” load pattern can be used to specify that one or more vehi-
cles move across the bridge. For each vehicle, specify a time that the vehicle
starts to load the bridge, the initial vehicle location, the direction of travel, and
the speed. When used in a multi-step static or multi-step dynamic (direct inte-
gration time history) load case (see Section 3.5), this type of load pattern is
useful in evaluating special vehicle loads.

Load Patterns 3-9
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3.5 Load Cases

A load case defines how loads are applied to a structure (e.g., statically or dy-
namically), how the structure responds (e.g., linearly or nonlinearly), and how
the analysis is performed (e.g., modally or by direct-integration). Any load case
type can be used when analyzing a bridge model. Static, response spectrum,
and time history load case types are useful for seismic analysis. Pushover
analysis can be performed using a nonlinear static load case. Staged construc-
tion analysis also is performed using nonlinear static load cases.

Several analysis options are available that are specialized for analysis of vehi-
cle live loads. Moving load cases compute influence lines for various quantities
and solve all permutations of lane loading to obtain the maximum and mini-
mum response quantities. Multi-step static and multi-step dynamic (direct inte-
gration time history) load cases can be used to analyze one or more vehicles
moving across the bridge at a specified speed. These multi-step load cases are
defined using special bridge live load patterns that define the direction; starting
time and speed of vehicles moving along lanes (see Section 3.4).

3.5.1 Moving Load Case

11. Click Item 12.2 Load Cases and the Define/Show Load Cases button on
the Bridge Wizard or the Define menu > Load Cases command to ac-
cess the Define Load Cases form shown in Figure 3-8. The Dead and
Modal load cases are default load cases.

Define Load Cases

Load Cazes Click ta
Load Caze Mame Load Caze Type Add Mew Load Caze...

DEAD Linear Static
Add Copy of Load Caze...

Modifp/Show Load Case. .
ﬂ Delete Load Casze

ﬂ Digplay Load Cagzes
Show Load Case Tree... |

Cancel

Figure 3-8 Define Load Cases form

3-10 Load Cases
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12. Click the Add New Load Case button to display the Load Case Data
form.

13. Scrolling down the Load Case Type drop-down list and click on “Mov-
ing Load.” The form will adjust to appear similar to that shown in Figure
3-9. Select the lanes to be loaded and the vehicle class (vehicle or group
of vehicles) with which to load them. No specific data has been identi-
fied for this example model.

Load Case Data - Moving Load

Load Casze Mame Motes Load Caze Type
MOVET Set Def Name | Modiy/Show... | | | [Maving Load x| Design..
Stiffness to Use MultiLane S cale Factors
(¢ Zero Initial Conditions - Unstressed State Mumber of  Reduction
Lahes Secale Factar
- Loaded hi
2 L Modify
Loads Applied Lanes Loaded for Assignment 1
Min Max
Wehicle Scale Factor  Loaded  Loaded Lizt of Lare Selected Lane
Agzign Class Lanes Lanes  Lanes Definitions Definitions
Hurmnber HL J |1 |D Loaded
Modify | Delete <- Hemaove
ok I Cancel |

Figure 3-9 Load Case Data - Moving Load form

3.5.2 Other Load Cases

When other load patterns types have been defined, such as earth pressures,
temperature, braking, and so forth (see Section 3.4), additional load cases can
be defined to analyze these load pattern types. Combinations of the load cases
can be made automatically in accordance with the supported codes using the
Define menu > Load Combinations command and then selecting the Add
Auto Load Combinations option. This step is described in greater detail in the
SAP2000/Bridge — Superstructure Design Manual, Chapter 2.

Load Cases 3-11



Chapter 4
Analysis and Results of a Bridge Model

4.1

This chapter describes the various steps necessary to analyze a bridge model
and observe the analysis results. When a bridge model is loaded with an influ-
ence-based moving vehicle load case, the user may select the type of bridge re-
sponses and the calculation refinement level used to determine the responses.
After the analysis of a Linked Bridge model has been completed, several dis-
play options can be used to observe the analysis results, described in this chap-
ter.

Bridge Responses

Analysis of moving load cases involves calculations that are computationally
intensive and can take a significant amount of time in larger models. The De-
fine menu > Bridge Loads > Bridge Responses command can be used to se-
lect the response quantities to be saved. Only the results specified will be cal-
culated and saved by the program. The Moving Load Case Results Saved Pa-
rameters form can be used to explicitly specify the analysis results to be gener-
ated from a moving load case.

Bridge Responses 4-1
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Moving Load Case Results Saved

Results Saved for All Moving Load Cases

Select Group Conezpondence
v Dizplacements ALL - | |
v Reactions ALL - | |
¥ Frame Forces ALL - | |
v Shell Besultants ALL - | |
¥ Shell Stresses ALL - | |
v Planelszolid Stresses ALl - I
v Solid Stresses ALL - | |
I Link Forces/Deformations  |ALL - I

v Section Cutz
Method of Calculation

" Refinement Level

[ Allow loads ta reduce response severity.

ak. I Cancel |

Figure 4-1 Moving Load Case Results Saved options form

If Correspondence is selected to be considered, for each maximum or minimum
response computed, the corresponding force, moment, or stress quantities that
occur at the same time as the maximum or minimum value also are reported.
For example, in a frame object, when the maximum M3 moment is calculated,
if correspondence is specified, the P, V2, V3, T and M2 values that occur at the
same time as the maximum M3 value also are reported. Including correspon-
dence increases the program calculation time and the quantity of response out-
put.

Run Analysis

After the bridge model geometry, load patterns, and load cases have been de-
fined, the bridge model is ready for analysis. Use the Analyze menu > Run
Analysis command to activate the analysis. That command produces the Set
Load Cases to Run form shown in Figure 4-2.

Run Analysis
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4.3

43.1

Set Load Cases to Run

Click to:
Caze Mame Type Status Action |
DEAD Linear Static Mot Run Run
MODAL Modal Hot Fun Fiun |

MOVET Moving Load Mot Bun Run |

Run/Do NatFun &1 |
Delete Al Resulks |

Show Load Case Tree... |

Analyziz Monitor Options ™ Model-Alive
" Always Show | I
™ Mever Show -

{* Show After |4 seconds oK. Canee] |

Figure 4-2 Set Load Cases to Run form

Use the Run/Do Not Run button to select the load cases to run, and the Run
Now button to start the analysis.

Displaying Results

The user may choose to display the analysis results graphically or digitally.

Graphical Displays

When a bridge model is developed using the SAP2000/Bridge module, the
Display menu > Show Bridge Forces/Stresses command can be used to dis-
play force and stress results, an example of which is shown in Figure 4-3.

Graphically the shell member forces or stresses may be displayed when the
bridge models have been modeled as area object models. A sample of the
graphical display is shown in Figure 4-4.

Displaying Results 4-3
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Bridge Object Response Display

[~ Show Selected Girder

i~ Select Bridge Object Bridge Model Type—— ~ Show Tabular Display of Current Plot Units

[6oa ] { [Erea Object Shaw Table... | | [ Kip. f,F -]
—Select Display Component ~ Load Case/Load Combo tultivalued Options

Show Forces Faor ;Enlile Bridge Section _V] et Eombn & Envelope Max/Min

" Force { Shess g

~ Bridge Responge Plat
120

|Long|tud|na| Stress - Top and Bottom -

Center [511] ~]|

" Envelope Max
" Envelope Min

]

BOBJ1 - Entirs Bridge Section [Combo COMB1] Longitudinal Stress - Top and Bottom - Center [511)

-65.0006

-120.

44 976
Digtance = 163.9171
Max Yalue = 60.0958  Min Value = -105.6552
< [ d
~ Mousge Pointer Location ' Snap Optione il

Distance From Start of Bridge Object !153 7 ¥ Shap to Computed Riasponse Points

Response Quantity Just Before Current Location i Seroll Along Im
Response Quantity Just After Curent Location I

Figure 4-3 Bridge Object Response Display

Figure 4-4 Graphical

Results

Displaying Results
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4.3.2

Point to a shell object of interest and right click on the shell object to view an
enlarged area force or stress result as shown in Figure 4-5:

I Stress Diagram §|

Area Object 290
Area Element  290-2

value 35.639595 Kip/ft

Figure 4-5 Shell Element Force Results

Moving the pointer over the selected area object will display the stress varia-
tions.

Output Tables

The analysis results may be displayed in tabular form using the Display menu
> Show Tables command, which accesses the form shown in Figure 4-6.

Use the various options on the form to select the input or output quantities and
specify the tables to be displayed. All of the tables that are available for display
also can be exported and reported as part of a user-defined custom report. The
report writing features are explained further in the code-oriented SAP2000/
Bridge — Superstructure Design manual.

Displaying Results 4-5
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Choose Tables for Display

Edit

# [ System Data
# O Property Definitions
# [ Load Pattern Definitions
# [1 Other Definitions
# [ Load Case Definitions
= [ Bridge Data
# [ Lane Data
# [ Vehicle Data
# [ Bridge Preferences
# [ Bridge Layout Line Data
# [ Brdge Component Data
#-[ Bridge Object D ata
# [ Bridge Design Request - Superstructune
# [0 Connectivity Data
# O Joint Assignments
# [ Frame Assignments
# [ Tendon Assignments
# [ Area Assignments
# O Link Assignments
# [0 Dptions/Preferences Data
# O Miscellaneous Data
= [0 ANALYSIS RESULTS [0 of 22 tables selected)
# O Joint Output
= [ Element Dutput
#- [ Frame Output
# O Area Output
#-[ Link Dutput
# [ Objects and Elements
= [0 Structure Output
# O Base Reactions
# [0 Modal Infarmation
#- O Other Output ltems

Table Formats File... | Curent Table Formats File: Program Default

v

Load Patterns [Model Def.]

Select Load Patterms..

1 of 2 Selected

Load Cases [Results]

Select Load Cases...
41 of 41 Selected
Madifp/Show Optians. ..

Options

© Sele:
™ Show Unformatted

[ Mamed Setz

Show Mamed Set...
Delete Mamed Set...

l:l Cancel

Figure 4-6 Choose Tables for Display form

Displaying Results
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