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PS4 – Prestressed Concrete I Beam Using BrDR LRFD Engine 

 

Topics Covered 

• Prestressed concrete I beam with debonded strands input as girder system. 

• Prestressed loss calculation methods 

• AASHTO Refined, AASHTO Approximate, Pre-2005 Interim methods. 

• Prestressed multi-span modeling options. 

• Multi-span continuous 

• Multi-span continuous and simple span 

• Export of prestressed concrete beams to the BrDR LRFD analysis engine 

• BrDR LRFD specification checking 
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Prestressed concrete I beam with debonded strands input as girder system. 

From the Bridge Explorer create a new bridge and enter the following description data. 

 

 

 

Click OK to apply the data and close the window. 



PS4 – Prestressed Concrete I Beam Using BrDR LRFD Engine 

Last Modified: 2/13/2024  5 

Bridge Materials 

To enter the materials to be used by members of the bridge, open the Components tab, and click on the  button to 

expand the tree for Materials.  The tree with the expanded Materials branch is shown below. 

 

To add a new concrete material, in the Components tab of the Bridge Workspace, click on Materials, Concrete, 

and select New from the Manage group of the WORKSPACE ribbon (or right mouse click on Concrete and select 

New).  The window shown below will open.  

 



PS4 – Prestressed Concrete I Beam Using BrDR LRFD Engine 

Last Modified: 2/13/2024  6 

Enter the values shown above the Compute button and click the Compute button to compute the remaining values 

below them.  

 

Click OK to apply this data and close the window. 
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Add concrete material for the deck, using the same techniques.  Enter the data for deck concrete as shown below.  

 

Click OK to apply this data and close the window. 
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To add a new reinforcement material, in the Components tab of the Bridge Workspace, click on Materials, 

Reinforcing Steel, and select New from the Manage group of the WORKSPACE ribbon (or right mouse click on 

Reinforcing Steel and select New).  The window shown below will open.  

 

 

Add the reinforcing steel material by clicking the Copy from library… button. The following window opens. 

 

Select the Grade 60 material and click OK. The selected material properties are copied to the Bridge Materials – 

Reinforcing Steel window as shown below. 

 

Click OK to apply this data and close the window. 
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Add the prestress strand 1/2" (7W-270) LR using the same technique as above. The window is populated as shown 

below. 

 

Click OK to apply this data and close the window. 

 

Beam Shapes 

To enter a prestress beam shape to be used in this bridge expand the Beam Shapes node and Prestress Shapes node 

in the Componenets tree as shown below. 
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Click on the I Beams node in the Components tree and select New from the Manage group of the WORKSPACE 

ribbon (or right mouse click on I Beams and select New or double click on I Beams in the Components tree).  The 

window shown below will open.  

 

 

Select the Top flange type as Wide and click the Copy from library… button.  Select AASHTO Type VI and 

click OK.   
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The beam properties are copied to the Prestress I Beam window as shown below. 

 

Click OK to apply this data and close the window. 
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Bridge - Appurtenances 

To enter the appurtenances to be used within the bridge expand the tree branch labeled Appurtenances.  To define a 

parapet, select Parapet and click on New from the Manage button on the WORKSPACE ribbon (or double click on 

Parapet in the Components tree).   

 

Enter the parapet details as shown below. 

 

Click OK to apply this data and close the window. 

The default dynamic load allowance and default LRFD factors will be used.  
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The partially expanded Bridge Workspace is shown below. 

 

 

Superstructure Definition 

Returning to the Bridge tab of the Bridge Workspace, double click on SUPERSTRUCTURE DEFINITIONS (or 

click on SUPERSTRUCTURE DEFINITIONS and select New from the Manage group of the WORKSPACE 

ribbon or right mouse click on SUPERSTRUCTURE DEFINITIONS and select New from the popup menu) to 

create a new structure definition.  The window shown below will appear. 

 

Select Girder system superstructure, click OK and the Girder System Superstructure Definition window will 

open.  
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Enter the data as shown below. 

 

Click OK to apply this data and close the window. 

 

Load Case Description 

Double-click on the Load Case Description node in the Bridge Workspace tree to open the Load Case Description 

window. Click on the Add default load case descriptions button to create the following load cases.  

 

Click OK to apply this data and close the window. 
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Structure Framing Plan Detail – Layout 

Double-click on Framing Plan Detail in the Bridge Workspace tree to describe the framing plan in the Structure 

Framing Plan Details window.  Enter the data as shown below. In this example, enter all data to 4 significant digits. 

For example, enter the girder spacing of 9’-8” as 9.6667. 
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Structure Framing Plan Detail – Diaphragms 

Switch to the Diaphragms tab to enter diaphragm spacing.  Click the Diaphragm wizard… button to add diaphragms 

for the entire structure. Select the desired framing plan system and click the Next button.  Enter the following data 

on the window shown below. 

 

 

Click the Finish button to add the diaphragms.  The Diaphragm Wizard will create diaphragms for all the girder 

bays in the structure.  
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The diaphragms created for Girder bay 1 are shown below. 

 

Click OK to apply this data and close the window. 
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Schematic - Framing Plan Detail  

While the Framing Plan Detail is selected in the Bridge Workspace tree, open the schematic for the framing plan 

by selecting the Schematic button on the WORKSPACE ribbon (or right click on Framing Plan Detail in the Bridge 

Workspace and select Schematic from the menu). 

 

The following schematic will be displayed. 
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Structure Typical Section - Deck 

Next define the structure typical section by double-clicking on Structure Typical Section node in the Bridge 

Workspace tree. Input the data describing the typical section as shown below. 

 

 

Structure Typical Section – Deck (cont’d) 

The Deck (cont’d) tab is used to enter information about the Deck concrete and the Total deck thickness.  The 

material to be used for the deck concrete is selected from the list of bridge materials. Enter the data as shown below. 
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Structure Typical Section – Parapets 

Add two parapets as shown below. 

 

 

Structure Typical Section – Lane Positions 

Select the Lane position tab and use the Compute… button to compute the lane positions.  A window showing the 

results of the computation opens. Click Apply to apply the computed values.   

 

 

  



PS4 – Prestressed Concrete I Beam Using BrDR LRFD Engine 

Last Modified: 2/13/2024  21 

The Lane Position tab is populated as shown below. These lane positions are used by BrDR to compute the LRFD 

live load distribution factors. 

 

Click OK to apply this data and close the window. 

 

Schematic – Structure Typical Section  

While the Structure Typical Section is selected in the Bridge Workspace tree, open the schematic for the structure 

typical section by selecting the Schematic button on the WORKSPACE ribbon (or right click on Structure Typical 

Section in the Bridge Workspace and select Schematic from the menu). 
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The schematic of the Structure Typical Section is shown below. 

 

 

Superstructure Loads 

Double click on the Superstructure Loads node in the Bridge Workspace tree to open the Superstructure Loads 

window. Navigate to the DL distribution tab in this window. Select options in this window as shown below. The 

BrDR LRFD engine does not support the transverse continuous beam analysis option. 
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Concrete Stress Limits 

A Stress Limit defines the allowable concrete stresses for a given concrete material.  Double click on the Concrete 

Stress Limits node in the Bridge Workspace tree to open the Stress Limit Sets – Concrete window.  Enter the data 

shown above the Compute button and select the Beam Concrete material from the drop-down menu of the Concrete 

material. Click the Compute button. Default values for the allowable stresses will be computed based on the 

Concrete material selected and the AASHTO Specifications.  A default value for the Final allowable slab 

compression is not computed since the deck concrete is typically different from the concrete used in the beam.   

 

Click OK to apply the data and close the window. 
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Prestress Properties 

Double click on the Prestress Properties node in the Bridge Workspace tree to open the Prestress Properties 

window. Select the loss method as Pre-2005 AASHTO Refined. The losses will be computed by the BrDR LRFD 

engine using the refined method in the Third edition, 2004 without interims. Define the prestress properties as 

shown below. 

 

Click OK to apply the data and close the window. 

 

Prestressed loss calculation methods 

The following loss methods are available in the BrDR LRFD engine. 

• AASHTO Approximate 

• AASHTO Refined 

• Lump Sum 

• PCI 

• Pre-2005 AASHTO Refined (AASHTO Refined, Third edition, 2004 without interims) 

The AASHTO Approximate and refined loss methods correspond to the AASHTO LRFD Specifications, Ninth 

edition, by default in BrDR 7.5.0. Another feature for prestress loss calculations in the BrDR LRFD engine is the 

ability to include elastic gains and losses due to dead load application. 
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Shear Reinforcement 

Define shear reinforcement to be used by the girders.  Expand the Shear Reinforcement Definitions on the Bridge 

Workspace tree, select the Vertical node and click on New from the Manage group of the WORKSPACE ribbon 

(or double click on Vertical).   

 

 

Define the stirrup as shown below.  Click OK to apply the data and close the window. 
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Defining a Member Alternative 

Double-click on MEMBER ALTERNATIVES in the Bridge Workspace tree for member G2 to create a new 

member alternative.  The New Member Alternative window shown below will open. Select Prestressed 

(pretensioned) concrete for the Material type and PS Precast I for the Girder Type. 

 

Click OK to close the window and create a new member alternative.   

 

The Member Alternative Description window will open.  Enter the data as shown below.   
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Navigate to the Control options tab in this window. The BrDR LRFD engine allows the selection of either gross or 

transformed section properties to be used in the loss and stress calculations. Note that the gross section properties are 

always used in structural analysis. Under LRFD section, select the Use gross section properties option for Loss & 

stress calculations, and the Continuous option for the Multi-span analysis as shown below. 

 

Click OK to close the window and create a new member alternative.   

 

Prestressed multi-span modeling options 

The BrDR LRFD engine allows the user to model prestress beams made continuous for live load in two ways: 

• The Continuous analysis method considers multi-span structures to be simply supported for beam self-

weight and uncured deck and continuously supported for composite dead and live loads. This method takes 

advantage of the continuity connection to reduce the maximum positive moment at mid-spans. 

• The Continuous and Simple method analyzes the structure as simply supported for beam self-weight and 

uncured deck and both continuously and simply supported for composite dead and live loads. The maximum 

effects from the two analyses are then used in the specification checking. This method accounts for the 

condition where full continuity is not provided at the interior supports and does not reduce the maximum 

positive moment at mid-spans. 
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Beam Details 

Next describe the beam by double clicking on the Beam Details node in the Bridge Workspace tree.  Enter the data 

in each tab of the Beam Details window as shown below. 
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Click OK to apply this data and close the window. 
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Shrinkage Time 

Double-click on the Shrinkage Time node in the Bridge Workspace tree to open the Shrinkage/Time window. 

Enter the data as shown below. 

 

Click OK to apply this data and close the window. 
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Strand Layout 

Expand the Strand Layout node in the Bridge Workspace tree and open the Span 1 window.  Use the Zoom buttons 

on the right side of this window to shrink/expand the schematic of the beam shape so that the entire beam is visible. 

Select the Description type as Strands in rows and the Strand configuration type as Straight/Debonded.  Define 

the following strand layout at midspan. 

 

Now select the Left end radio button Under the Debonding section, select New to enter a left debonded section 

location as 273 inches. This distance is measured from the left end of the precast beam. The strands can be defined at 

the left end of the span by selecting strand locations in the right hand schematic.  Define the following debonded 

strands at this location. 
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Similarly, add an additional debonding location of 129 inches and debond the following strands. 
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Close the window by clicking OK.  This saves the data to memory and closes the window. 

Repeat the procedure used in Strand Layout – Span 1 section to describe the same strand layout for Span 2. 
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Deck Profile 

Next open the Deck Profile window by double-clicking the Deck Profile node in the Bridge Workspace tree and 

enter the data describing the structural properties of the deck.  The window is shown below. 

The LRFD effective flange width is computed as follows: 

AASHTO LRFD Article 4.6.2.6.1 

 For interior beams, the effective flange width is taken as : 

• average spacing of adjacent beams = 9.67’ (12”/’) = 116” 

 

Navigate to the Reinforcement tab and enter the reinforcement data as shown below. 

 

Click OK to apply the data and close the window. 
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Haunch Profile 

The haunch profile is defined by double-clicking on the Haunch Profile node in the Bridge Workspace tree. Enter 

data as shown below. 

 

Click OK to apply this data and close the window. 

 

Shear Reinforcement Ranges 

Double-click on the Shear Reinforcement Ranges node in the Bridge Workspace tree to open the PS Shear 

Reinforcement Ranges window. Use the Stirrup wizard to create the following shear stirrups.  
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Then use the Copy to span button to copy the stirrups to Span 2. 

 

 

Click OK to apply this data and close the window. 
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Live Load Distribution 

BrDR will compute the live load distribution factors during analysis. No changes are required in this window. 

 

Schematic – I Beam Alt 

While the member alternative I Beam Alt (E) (C) is selected in the Bridge Workspace tree, open the schematic for 

the member alternative by selecting the Schematic button on the WORKSPACE ribbon (or right click on I Beam 

Alt (E) (C) in the Bridge Workspace and select Schematic from the menu). 

 

The member alternative schematic is shown below. 
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LRFD Design Review 

The member alternative can now be analyzed. To perform an LRFD Design Review, select the Analysis Settings 

button on the Analysis group of the DESIGN/RATE ribbon. The window shown below opens. 

 

Click the Open Template button and select the HL-93 Design Review template to be used in the design review and 

click Open.  

 

The Analysis Settings window will be populated as shown below. 
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Navigate to the Output tab of this window and click on the Select All button under the AASHTO engine reports 

and click OK. 

 

Click OK to apply this data and close the window. 

 

Next click the Analyze button on the Analysis group of the DESIGN/RATE ribbon to perform the design review.  

The Analysis window should be reviewed for any warning messages. 
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Export of prestressed concrete beams to the BrDR LRFD analysis engine 

The following steps are performed during a design review of a multi-span prestressed beam using the BrDR LRFD 

analysis engine: 

1. Finite element models are generated for the dead load and live load analyses.  A Stage 1 FE model is 

generated for the dead loads on the non-composite simple span prestressed concrete beam.  

For Continuous method of analysis:   

A Stage 2 FE model is generated for the continuous final span condition for composite dead load analysis.    

A Stage 3 FE model is generated for the continuous final span condition for the live load analysis.   

For Continuous and Simple method of analysis: 

Two Stage 2 FE models are generated: 

 Continuous final span condition 

 Simple span condition 

Two Stage3 FE models are generated: 

 Continuous final span condition 

 Simple span condition 

Stage 2 models contain section properties corresponding to the sustained modular ratio factor entered in 

BrDR (e.g., 2n).  Stage 3 models contain section properties corresponding to the modular ratio (n). 



PS4 – Prestressed Concrete I Beam Using BrDR LRFD Engine 

Last Modified: 2/13/2024  42 

The model generated by the export to the BrDR LRFD analysis engine will always contain node points at 

the middle of each simple span, at simple support locations, at harp points, at debond locations and at 

prestress strand transfer length locations so that the prestress force distribution can be computed. 

2. The Stage 1 and 2 FE models are analyzed for the dead load.  The prestress loss calculations are then 

performed along with determining the prestress forces at transfer and the restraint effects for the creep and 

shrinkage analysis for multi-span structures. 

 

3. The final analysis then takes place.  The prestress forces at transfer are applied to the Stage 1 FE model to 

determine the prestress camber in the beam.   They are not included in the load combination generation.   

Creep and shrinkage forces are applied to the Stage 2 FE model. 

The Stage 1 and 2 FE models are analyzed for the dead load.  The Stage 3 FE model is loaded with unit 

loads at each node to generate influence lines for the beam.  The influence loads are then loaded with the 

selected vehicles to find the maximum live load effects. 

4. Load combinations are generated for the loadings and specification checks are performed at each of the nodes 

in the finite element model.  For the Continuous and Simple method of analysis, the maximum force effects 

between the 2 sets of models are used to generate the load combinations. 

 

Engine Outputs 

Click the Engine Outputs button from the Results group of the DESIGN/RATE ribbon to open the following 

window.  

 

 

The window shown below will open. A summary and a detailed report of the computed live load distribution factors 

are available.  
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Double click on the Live Load Distribution Factors Calculation Summary option under the AASHTO_LRFD 

branch in this window. 

The following file opens. 
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BrDR LRFD Specification checking 

A summary report of the specification check results is also available. This summary report lists the design ratios for 

each spec article at each spec check location point.  The design ratio is the ratio of capacity to demand.  A design 

ratio less than one indicates the demand is greater than the capacity and the spec article fails.  A design ratio equal to 

99.0 indicates the section is subject to zero demand. 

Double click on the Stage 3 Spec Check Results option under the AASHTO_LRFD branch in this window. 
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The specification checks can be viewed by selecting the Specification Check Detail button from the Results group 

of the DESIGN/RATE ribbon. 

 

 

 

Open the spec check detail window for the flexural resistance at the middle of simple span 1.  The following is noted 

for this window, other spec articles are similar: 

1. For each spec check location, both the left and right sides of the point are evaluated.  The Deflection article 

is an exception to this since deflection must be the same between the left and right sides of a point. 

2. The design ratio is printed out for the article.  The design ratio is the ratio of capacity to demand.  A design 

ratio less than one indicates the demand is greater than the capacity and the spec article fails.  A design 

ratio equal to 99.0 indicates the section is subject to zero demand. 

3. The Strength-I, Service-I, Service III, and Fatigue limit states are the only limit states investigated.  For 

each limit state, the max and min force effect is checked. Thus, each limit state shows two rows of data. 
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4. The LL load combination is shown in this column.  If the location is not at a node in the FE model (e.g., the 

node is at a point where the rebar is fully developed), this column will list two load combinations separated 

by a comma.  The first load combination is the combination considered at the left end and the second load 

combination is the combination considered at the right end of the FE element that contains this location.  

The resulting load displayed is a linear interpolation between the two displayed load cases. 

 

 

 

The loads making up the Mu = 8114.1 k-ft for the maximum Strength-I limit state can be tracked down in Moment 

Summary report. 
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Report Tool – Moment Summary 

The Moment Summary report can be viewed by selecting the Report Tool button from the Bridge group of the 

TOOLS ribbon as shown below. 

 

Select the LRFD analysis output as the Report type. Select the Moment summary checkbox and click on the 

Generate button to populate the moment summary report as shown below. 
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The resulting maximum moment for Strength-I at the midspan is equal to (1.25 * (3509.02 + 128.49)) + (1.75 * 

2038.41) = 8114.1 kft. 
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Tabular Results 

To review the dead load and live load analysis results, click on the Tabular Results button from the Results group 

of the DESIGN/RATE ribbon as shown below.  

 

 

The Analysis Results window will open as shown below.  
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Note: These values include dynamic load allowance, distribution factors and any live load scale factor entered on 

the Analysis Settings window. 
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Method of solution 

A copy of the AASHTO LRFD engine Method of Solution manual is available for reference. To access this manual, 

click on the Bridge Workspace ribbon to open the Support window as shown below. 

 

 

From the leftmost column, click on the Help button. Select the AASHTO LRFD option from the Engine Help 

column. The Engine Help and Method of Solution for the selected analysis engine will be displayed in the Engine 

Help Configuration column. Double-click on the Method of Solution option to open the AASHTO LRFD/LRFR 

Superstructure Method of Solution as shown below. 
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