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-; Introduction to Prestressed
| l Girder Design

Overview

This workshop is an introduction to the design of prestressed concrete bridge beams with
LEAP Bridge. As this type of bridge is a widely accepted alternative to long-span bridges, the
solutions to be presented are widely used throughout the United States. Learn more about
the flexibility of the layout and design with 2008 LRFD code specifications.

Objectives

After completing this course, you will be able to:

= Use the ABC wizard in LEAP Bridge to quickly layout superstructure and substructure of
a bridge.

=  Apply LRFD loads to the beams.
= Analyze the superstructure based on user defined loads and limit states.
= Design beam strands and rebar based on analysis of loads.

= Export various views to MicroStation drawings.
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Create Bridge with ABC Wizard

Create Bridge with ABC Wizard

These steps will walk you through using the ABC Wizard in LEAP Bridge to create a 3D
model of a bridge including the super and substructure components.

=>» Exercise: Use ABC Wizard to create an 3-70’ span structure

1. Start LEAP Bridge.

2. Start the ABC Wizard.

to@y 5 53 0 © W # 2 = O

Mew ©Open Save  Prink ABC  Graphics  Help Bentley Sitke About Send E-mail Send ko FTP | User Manual  Tutarials

3. Select LandXML. Select C:\2009 RBC\Intro to Prestressed Girder
Design\us178r_chain.xml from the Browse button. Enable the Connect to Data source
toggle and select OK.

4. Expand the Alignments and Profiles toggles and toggle on the alignment and profile as
shown below. Select OK to import the geometry.

Project Tree - C:12009 RBCIntro to Prestresse... [Z”E”‘S__q

Praject Infarmatian
= Alignments

Bl Us178R
= Frofiles

il LS 173RF

k. ] [ Cancel
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Create Bridge with ABC Wizard

5

6.

. The bridge begins at station 379+90. Select Alignment and set the Begin Bridge
Station to 379+90. Select OK to accept this value.

The Cross slope of the structure is 6.1%. Select Cross Section... from the Step 1 of 3
dialog. Populate the Bridge Cross Section dialog as shown and select OK when
completed.

“~! Bridge Cross Section

Section Set; | [ Ho | Plane ‘Width Type Wwidth [321151] Vertical Type
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2| Distance 28,5000 Slope -6.1000
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Create Bridge with ABC Wizard

7. Populate the Step 1 of 3 dialog as shown below. Select Next when complete.

#= LLEAP Bridge - ABC: Step 1 of 3

SuperStructure D ata:
Superstructure Type: | Frestressed Girders v |
Mumber of Spanz: [ LandxmL || Frifile... |
Span Length: Support Skew:
MHa. | Length,ft | Mo | Skew,.deg |
» 1 70.000 1 0.on
] 2 70.000 ] 2 0.00
T a 70.000 ] ] 0.00
I ] 4 0.00
Girder Type: - Girder 1D |N-‘-.SHTD-III “ | Mumber of Girders: El
- Curb Width Left | 1.500 |kt Right {1.500 |t 1
_‘L "7 Ovwerall width | 47.000 gt
_L | ' Haunch
DB_Ck R Thickness
Thickness — 100 i
. in
! Girder
Owerhang Lefl 3 ft Spacmg Right 3 a0 ft
=)
- Eenﬂ.eu I Mexnt > ] l Cancel l

8. Click OK when prompted to the notice that the piers have been synchronized.
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Create Bridge with ABC Wizard

9. For Pier 1, complete the dialog as shown.

#= LEAP Bridge - ABC: Step 2 of 3

Substructure Data:
Pier | Mumber: |1 “ | | DropCapPier w Copy to: A
Cap Depth; |60.00 in
Cap Length; |47.000 ft
i
Cap Height
E0.00
- +._ in
Left Cal
Qim
o B o Gt
ft. £0.00 ’ (0
Cro in
Incular
Coluring
Murmber of Colurnn
Caluming Battam .
3 Elervation Fta Depth:
720,000 w00 g
Ext. Ftg. Length: Int. Ftg. Length: f Ext. Ftg. ‘width: [12.000 g
12000 it 12000 Jf Int. Fig. widthe | 12.000 [
Footing is File Footing
Piles: Shape: | Circular w Pile Length: 30.00 ft
Exterior |MO4P1 e Cina: 1200 ; Batter Slope:
Hener B gebes " [Haoriz. Afertical)
Interior | NO4PT g Edge Digtance; | 34.00 in
—
=4 Bentley [ <Back [ News ] [ Cancel
10. Set the Copy to: field to 2 and select Copy. Select Next to continue.
11. Select Next twice. Select Finish to complete the wizard.
12. Select the Geometry tab to view a 3D model of structure.
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Apply LRFD Loads to the Structure

Apply LRFD Loads to the Structure

The following steps will guide you through the process of applying LRFD dead loads and live
loads to the structure.

=>» Exercise: Apply dead and live loads to the structure

1. From the SuperStructure tab in LEAP Bridge, select CONSPAN.
2. Select the Geometry tab.
3. Select the Cross Section... tool.
4. Change the Deck Thick (sacrificial) value to 1 inch.
Cross Section Layout
Etidge Layout
Curb Data
fi
Left 1.5
Right 1.5
Lane Data
Humnber ’3—
Widkh 12, ft
Topping Data = “iew Optiong...
Deck Thick ’— Beam Type [ Location
E:ZEE'IF:;:IE > Span: |0t - Beam Ty¥pe: | 1_girder -
LR N Beam N Beam 1D Start Dist End Dist
':;EE;:SS 1. From Last Beam, ft From Last Beam, ft
HW?;'Phch 6. o T/ AASHTO-I = 35000 35000
2| BASHTOAI = &.0000 £.0000]|
[ Auto Set Haunch width = 3| BASHTOAI = £.0000 £.0000|
I 4 BASHTOAN - & 0000 | EXVi]
=l 5| AASHTOHI = 2.0000 £.0000
il B AASHTOAI = 8.0000| £.0000]
%]
Cancel | Add Row Delete Row Copy Raw Copy To Al Generate..,

5. Select the Loads tab.
6. Select the Wizard... button at the upper right.
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Apply LRFD Loads to the Structure

Fill out the Permanent Load Wizard using the following values. Enable the Keep Values
toggle. Select OK when completed.

Load Type Magnitude
Left and Right Barrier 0.3 klf each
Future Wearing Surface 0.035 ksf
Sacrificial Wearing Surface lin

= Permanent Load Wizard

Left Barrier Wigight Right Barrier Weight
0.3 . . ) 0.3
KF Left Curb Weight Right Curb wweight KF

03 kIf \
Future Wearing Surface [ | \

0.035 ksf

L

4

Right Sidewalk Il
KIF

Stay-in-Place Deck Forms

LA

Left Sidewalk I
KIF

v Keep Yalues Zancel |

This will populate the Permanent Loads section of the dialog.
Enable the Include LL Deflection toggle.

Select File > Save As... to save a copy of the current data to a CONSPAN file. Place the
file in the folder with the other workshop files and name the file US178-1.csl.

Oct-09

9 Introduction to Prestressed Girder Design

Copyright © 2009 Bentley Systems, Incorporated



Analyze the Superstructure

Analyze the Superstructure

The following steps will guide you through the process of analyzing the superstructure based
on the loads supplied in the previous section.

=>» Exercise: Apply dead and live loads to the structure

1. Select the Analysis tab.
2. Select Analysis Factors... to review the current values for load distribution, load factors
and modifiers.
3. OK the Analysis Factors dialog.
4. Select Run Analysis... . Review the analysis values for the various spans, beams and
limit states.
5. Select the Diagram icon to view the results graphically.
[ Diagram H=] B3
Span Beam Lirnit Type
|2 j |1 ﬂ IServiceI j IF'rec:ast b oment j [ Show All Spans Print... |
Precast Moment {Service 1}
hdorment [Kipf) Continuous Besrm: Total length = 210,00 f# [(Max: 577.3 Kipft, Min: 0.0 Kipft) Legand:
G00.00 Self Beam (M+)
— — Self Dedi(M+)
540,00 — Precast DG (W+)
— " Precast D (hd+)
420.00 —— Diaphragm (hi+)
20.00
360.00
200.00
240.00
180.00
120.00
50.00
000
.00 2107 4244 6321 8427 105324 12644 14748 16255 18962 21069
Location [ft]
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Beam Design

Beam Design

This exercise will walk through the process of designing the reinforcing strands and rebar
within a beam.

=>» Exercise: Design a beam and use as the template for the remaining beams.

1.
2.

N o g~ ow

Select the Beam tab.

Set the Span to 02 and Beam to 1.

Select Strand Pattern... to design the strands.

Select Auto Design to perform an initial design.

Review the resulting design status. The only failure is in the deck (Topping-top).
Copy this pattern to all other beams in all spans. OK the strand pattern dialog.

Select Rebar Pattern... . In the Auto Design section of the dialog, set the Size to US
#4[M13] and the Legs value to 4. Select Auto Design... .

Modify the Start and End distances to round values of feet. Review the Graph. Copy
the resulting reinforcing too all beams in all spans.
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Export Drawings to MicroStation

Export Drawings to MicroStation

Lastly, we’ll take a look at exporting various views in the LEAP products to MicroStation.

=>» Exercise: Export views to MicroStation drawings

1. From CONSPAN, select the Geometry tab.
2. Select Section. Right click the graphical view of the section and select Export View....
Set the Save as type to MicroStation DGN. Name the file Sectionl.dgn and click Save.
| A7 ft |
i
.r:3.52 ﬂ.-'r. aft " aft " aft " aft " aft .r|3.43 ﬁ;}
O O O | O O
§ . Superstructure Cross Section Stz 379-+31
“iew Options... |
3. Close CONSPAN. When asked to update the LEAP Bridge model, select Yes. When
prompted to generate reports, select No.
4. Select the Geometry tab in LEAP Bridge. Rotate the model to various angles.
5. Click the SOLID button at the lower left of the graphics window to view the model in a
transparent state. The tendons and rebar will be visible through the beams.
6. Using the right click menu, export this view to a DXF file called US178 3d.dxf.
7. Open MicroStation and review the drawings that have been created.
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Appendix A: Program Capabilities

Appendix A: Program Capabilities

Bentley Systems, Inc. LEAP CONSPAN is the first integrated AASHTO LRFD and Standard (LFD) program for
the analysis, design and load rating of single span and multiple span bridges, constructed with simple-span
prestressed girders made continuous by reinforcing the cast-in-place top deck with mild steel in regions of negative

moment. The following highlights some of CONSPAN’s main features:

Design Code and Units
= Dual design codes, AASHTO Standard and LRFD. You can switch between the two
specifications at any time during program execution.
= | oad Rating according to the Manual of Condition Evaluation of Bridges.

= | oad Rating according to the Manual for Condition Evaluation and Load and Resistance
Factor Rating LRFR of Highway Bridges.

= Dual units, U.S. and Metric. You can switch between the two units at any time during
program execution.

= State Specification drop-down: Select from Florida or Califoria to apply state specific
criteria.

Libraries

= Reduce input time using predefined library of prestressing tendon types, rebars, and beam
section types or modify/add custom libraries.

= Specify pre-defined strand patterns and use as manual input or during auto-generation.

= Select AASHTO Standard (LFD) design trucks from a predefined library (HS20 Truck,
HS20 Lane, H20 Truck, H20 Lane, Military, etc.) or define unlimited new loads
manually.

= Select LRFD design moving loads from a predefined library (Design Truck, Design
Tandem, Design Lane, Double Truck, Double Tandem, etc.) or define unlimited new
loads manually.

Span Type

= Increased input efficiency by selecting either the Simple-Span or Multi-Span option to
enable custom program input and output options.
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Appendix A: Program Capabilities

= QOption to analyze a multi-span structure as a series of simple spans (i.e. superimposed
dead and live loads are applied on simple beam model rather than continuous beam
model).

= Quickly specify project and job descriptions.

Flared Girder Geometry
= Specify flared (splayed) girder geometry. Program considers varying beam lengths in the
same span due to skew angle differences, or due to non-parallel arrangement of girders.

= Specify advanced geometric information including alignment information, abutment, pier
and deck information.

= Advanced Graphics show layout, cross section of bridge.

Analysis and Design

= Dead Load Wizard: makes input of common loads very simple

= Specify Negative Moment Continuity steel in deck slab. Compare required vs. provided
capacities.

= Copy beam strand patterns to other beams in same span or other spans.

= Specify variable span lengths, precast beam lengths, bearing-to-bearing lengths, and skew
angles for bridge.

= Specify different beam sizes in the same span and different beam types in each span.

= Retains previously designed strand patterns when changes are made to geometry,
materials, or loads information.

= |nput loads for DC and DW on precast, composite, or supplemental. Loads can be
specified as concentrated, area, or line loads.

= Specify supplemental topping/deck thickness and include superimposed dead loads on
supplemental.

= Automatically compute dead loads due to self-weight of girders, deck, haunches, and
supplemental.

= Have the capability to allow input of dead loads on composite as linear loads, e.g., to
simulate barrier loads.

= Specify an unlimited number of diaphragm loads. Use the copy feature to copy
diaphragm loads to all beams and/or all spans.
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Appendix A: Program Capabilities

= Analyze self-weight and dead loads assumed to act on the precast section being designed
using simple beam analysis.

= Analyze dead loads on composite sections using continuous analysis.
= Specify pedestrian loads.
= Choose whether or not to include LRFD live load deflection criteria.

= Perform automatic moving load analysis on simple-span or continuous multi-span
bridges.

= Select specific Standard (LFD) groups for analysis and design (1, 1/1A, and 1B).

= Select specific LRFD limit states for analysis and design (Service I, Service I1l, Strength
I, and Strength I1).

= Use refined methods of analysis (grillage models) to compute live load distribution
factors.

= Display distribution factors as contour graphs.

= Customize LRFD factors, including dynamic load allowance, distribution, gamma, and h
factors.

= Customize or select limiting stresses for concrete at release and final conditions.
= Customize or select length multipliers for transfer and development lengths.

= Easily customize variables that are automatically calculated by the program, such as live
load and dead load distribution factors and dynamic load allowance impact/factors.

= Automatically generate straight and draped strand patterns or manually input the pattern
for analysis.

= Specify transformed section properties.

= Customize the maximum number of strands that can be debonded, as the maximum
percentage of each row, or the total number of strands in each section.

= Specify end and midspan debonding (shielding) manually or have the program compute it
automatically. While using a draped/straight pattern, only the straight strands can be
debonded.

= Customize varying percentages of strand pull for various strand groups.

= Specify or have the program compute release and final prestress losses according to the
AASHTO LRFD and LFD Specifications.

= Automatically design top flange tension reinforcement at release.

= Check design status at critical points for release and final stresses as well as for ultimate
loads and cracking load criteria.

= Perform vertical, anchorage zone, and horizontal shear reinforcement design.
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Appendix A: Program Capabilities

= Auto design required vertical shear reinforcement.

= Report camber and deflection computations at tenth point locations along the beam,
including live load deflections.

= Automatically compute deck reinforcement required for continuity.

= Select among three methods whether to include restraint moments, including the PCA
Method, Ref. 7.

= Display and print moment, shear, and stress diagrams for either specific load cases and/or
load combinations.

= Optionally compute Moment Capacity by Strain Compatibility.
= Program provides option to consider composite loads in Horizontal Shear computations.

= Convert loading from LFD to LRFD on the fly and also apply different DF for different
dead loads.

= Consider the span lengths specified in Table C4.6.2.2.1-1 in the computation of LRFD
load distribution factors.

= QOption to distribute dead load equally to all beams or based on tributary fraction.

= Optionally, input Stirrup reinforcement schedules manually or use auto-design
algorithms.

= Store commonly used stirrup schedules in the library file, and reuse across projects.

General

= Use the save setting feature to minimize future input.

= Design standard or custom beam types using convenient section property editor and
visual strand pattern templates.

= Use wizards to quickly specify beam layouts.

= Save input data and/or results at any time. Save designs and check them for new loading
conditions. Strand pattern is automatically saved unless the beam itself is changed.

= Specify font for viewing/printing output.

= Send data file in an e-mail message from within the program.
= QOptions to specify the default working folder.

= Option to keep analysis factors input manually.

= Use wizards for generating strand templates.

= Toggle between LFD (Standard) and LRFD modes without losing the strand pattern or
dead load information.
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Appendix A: Program Capabilities

= Section Library Transfer Utility, allows for bulk transfer of section from old libraries into
new, or from different files, into a consolidated file.

= Link from within the program, from the Help menu, to the User manual in PDF format.
= Automatically check for updates from Web site.

= Detailed and separate reports of all input and output either in text form or in enhanced
report format.

= QOption to include 2D views (cross-section, elevation) and analysis/design graphs in the
enhanced report (HTML) outputs.

= Strand pattern Wizard now allows definition of straight/draped strands in an easy to use,
point and click graphical user interface. Get production quality printout showing strand
patterns graphically.

Load Rating
= Load Rating according to the Manual of Condition Evaluation of Bridges, in standard
specifications mode.
= QOperating and Inventory Rating

= | oad Rating summary and details at all tenth points for Moments (Flexure, positive and
negative), Shears and Stresses (concrete and prestressing steel).

= Select multiple trucks from predefined truck library or define your own rating vehicle.

= | oad Rating according to the Manual for Condition Evaluation and Load and Resistance
Factor Rating LRFR of Highway Bridges for Design, Legal and Permit Load Rating.

= Completely customizable input parameters including factors and allowable stresses.

= Run refined analysis to use live load distribution factors to model trucks non-standard
gage width (different than 6 feet).
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Appendix B: Program Boundaries

Appendix B: Program Boundaries

The following is a list of CONSPAN’s boundaries and conventions.

Width of bridge must be constant in all spans when flared girder option is not used.
Flared girder option is only available for I-girders, box-beams and U-beams.

Beam moment of inertia must be constant within a span, e.g., no change in beam
properties along the span.

Topping (slab) thickness must be the same for all spans and within a span.

All beams must be the same type but may be different sizes (e.g., you cannot use
AASHTO I-beams and box beams in the same span but you can use various sizes of
AASHTO I-beams in the same span).

Maximum number of axles that can be defined for a truck is 20.

All beams in a specific span should have the same length and should be parallel to one
another.

Pedestrian Load not considered in Load Rating Analysis.
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