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SECTION 1: DESIGN AND DETAILING PRACTICES 
 
 1.1  Structure Design and Detailing 

 
1.1.1  Purpose of the Bridge Design and Drafting Manual  

1.1.1.1  Standard Specifications and Standard Drawing Manuals 
1.1.1.2  Use of Oregon Standard Drawing Details 
     Bridge Security Design Considerations – moved to 1.1.2.9.11 
 

1.1.2   Fundamental Decisions for Bridge Designs 
1.1.2.1  Review of Project Geometry 
1.1.2.2  Bridge Length 
1.1.2.3  Structure Layout:  Spans and Proportions 
1.1.2.4  Structure Types and Economics 
1.1.2.5  Substructure Choices 
1.1.2.6  Bridge Rail 
1.1.2.7  Bridge End Panels and Supports 
1.1.2.8  Slope Paving / Railroad Slope Protection 
1.1.2.9  Other Things to Keep in Mind 
 1.1.2.9.1  Structure Appearance and Aesthetics 
 1.1.2.9.2  Traffic Handling and Data 
 1.1.2.9.3  Bikeways 
 1.1.2.9.4  Protection of Recreational/Cultural Resources 
 1.1.2.9.5  Right-of-Way 
 1.1.2.9.6  Utilities 
 1.1.2.9.7  Use of Salvage Materials 
 1.1.2.9.8  Railroad Considerations 
 1.1.2.9.9  Bridge ID Markers 
 1.1.2.9.10  Permits 
 1.1.2.9.11  Bridge Security Design Considerations 
 1.1.2.9.12  Accelerated Bridge Construction (ABC) Guidelines 
1.1.2.10  Special Considerations for Federal-Aid Projects 
1.1.2.11  Type, Size, and Location (TS&L) Design 
1.1.2.12  Final Design, General 

 
1.1.3  Foundation and Hydraulic Considerations 

   1.1.3.1  Foundations and Hydraulics, General 
   1.1.3.2  Lateral Earth Restraint 
   1.1.3.3  Cofferdams 
   1.1.3.4  Hydraulics 
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1.1  Structure Design and Detailing – (continued) 
 
  1.1.4  Foundation Modeling (Foundation Springs) 
   1.1.4.1  General Modeling Techniques 
   1.1.4.2  General Procedures and Typical Values 
   1.1.4.3  Drilled Shaft Modeling (Fully Coupled) 
  1.1.5  Foundation Design 
   1.1.5.1  Foundation Design Process 
   1.1.5.2  Bridge Foundation Records 
   1.1.5.3  Spread Footing Foundation Design 
   1.1.5.4  Pile Foundations 
   1.1.5.5  Drilled Shafts 
   1.1.5.6  Seismic Foundation Recommendations 
   1.1.5.7  Overall Stability Evaluation 
   
  1.1.6  Underwater Construction 
   1.1.6.1  Underwater Foundation Design Considerations 
   1.1.6.2  Footing Embedment 
   1.1.6.3  Cofferdams and Seals 
 
  1.1.7  Loads and Distribution 

1.1.7.1  Dead Loads 
1.1.7.2  Live Loads 
1.1.7.3  Thermal Forces 
1.1.7.4  Ductility, Redundancy and Operational Importance 
1.1.7.5  Sidewalk Loading 
1.1.7.6  Shear Correction Factor for Skewed Girders 
1.1.7.7  Repair and Strengthening of Bridges 

 
  1.1.8  End Bents 
   1.1.8.1  Determining Bridge Length 
   1.1.8.2  Wingwall Location 
   1.1.8.3  Wingwall Design and Construction 
   1.1.8.4  End Bents 
   1.1.8.5  Strutted Abutments 
   1.1.8.6  Pile Cap Abutment Details 
   1.1.8.7  Abutment Details for Prestressed Slabs 
   1.1.8.8  Forming of Backwalls for End Beams 
   1.1.8.9  Bent Joint Details 
   1.1.8.10  Backwall Reinforcement for Post-tensioned Structures 
   1.1.8.11  Beam Seat Drainage 
   1.1.8.12  Reinforced Concrete End Panels 
   1.1.8.13  Bent Width Provisions with Precast Units 
 
  1.1.9  Interior Bents 
   1.1.9.1  Interior Bents, Design and Detailing 
   1.1.9.2  Interior Bent Details for Prestressed Slabs 
   1.1.9.3  Structure Widenings, Interior Bents 
   1.1.9.4  Columns in Slopes 
   1.1.9.5  Column Design, General 
   1.1.9.6  Spiral Reinforcing 
   1.1.9.7  Column Steel Clearance in Footings 
   1.1.9.8  Column Hoops 
   1.1.9.9  Vertical Bar Splices 
   1.1.9.10  Optional Hoop Detail at Bottom of Columns 
   1.1.9.11  Footing Reinforcing 
   1.1.9.12  Sloped Footings 
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1.1  Structure Design and Detailing – (continued) 
 

1.1.10  Seismic Design 
   1.1.10.1  Design Philosophy 
   1.1.10.2  Applications of AASHTO LRFD Bridge Design Specifications 
    1.1.10.2-1  General Considerations 
    1.1.10.2-2  Specification Interpretations and Modifications 
    1.1.10.2-3  Detailing 
    1.1.10.2-4  Structure Modeling 
    1.1.10.2-5  Footing/Pile Cap Design 
 
   1.1.10.3  Applications of AASHTO Guide Specifications for LRFD Seismic Bridge Design 
    1.1.10.3-1  General Considerations 
    1.1.10.3-2  Specification Interpretations and Modifications 
 
   1.1.10.4  Structure Modeling (moved to 1.1.10.2-4) 
   1.1.10.5  Footing/Pile Cap Design (moved to 1.1.10.2-5) 
   1.1.10.6  Liquefaction Evaluation and Mitigation Procedures 
   1.1.10.7  Costs 
   1.1.10.8  Instrumentation 
   1.1.10.9  Dynamic Isolators 
 
  1.1.11  Seismic Restrainer Design (New Designs and Retrofits) 
   1.1.11.1  Seismic Restrainer Design, General 
   1.1.11.2  Information for Restrainer Design 
   1.1.11.3  Longitudinal Restrainer Design 
   1.1.11.4  Transverse Restrainer Design 
   1.1.11.5  Hold-downs 
   1.1.11.6  Use of State Stockpile Wire Rope (Cable) for Seismic Retrofit 
 
  1.1.12  Concrete 

1.1.12.1  Concrete, General 
1.1.12.2  Concrete Finish 
1.1.12.3  Concrete Repair (Bonding Agents) 
1.1.12.4  Curing Concrete 
1.1.12.5  Permanent Strengthening of Reinforced Concrete Bridges 
 1.1.12.5.1  Flexure 
 1.1.12.5.2  Shear 
 1.1.12.5.3  Epoxy Injection 
 

  1.1.13  Reinforcement 
1.1.13.1  Reinforcement, General 
 1.1.13.1.1  Standard Bar Chart 
 1.1.13.1.2  Minimum Bar Covering 
 1.1.13.1.3  Reinforcement for Shrinkage and Temperature 
 1.1.13.1.4  Spacing of Shear Reinforcement 
 1.1.13.1.5  Negative Moment Reinforcement 
 1.1.13.1.6  Minimum Bar Spacing 
 1.1.13.1.7  Tension Development Length – Grade 60 – Uncoated Bars 
 1.1.13.1.8  Compression Development Length – Grade 60 – Uncoated Bars 
 1.1.13.1.9  Tension Development Length of Hooks – Grade 60 – Uncoated Bars 
 1.1.13.1.10  Minimum Column Bar Lengths in Footings 
 1.1.13.1.11  Welded Splices and Mechanical Connections 
 1.1.13.1.12  Lap Splices – Grade 60 
 1.1.13.1.13  Development of Flexural Reinforcement 
 1.1.13.1.14  Distribution of Flexural Reinforcement 
 1.1.13.1.15  Bundled Bars 
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1.1  Structure Design and Detailing – (continued) 
 

1.1.13.1  Reinforcement, General (continued) 
1.1.13.1.16  Headed Reinforcement 

 1.1.13.1.17  ASTM A706 Grade 80 Reinforcement 
1.1.13.2  Bar Lengths 

 1.1.13.3  Interim Reinforcement for T-Beams and Box Girders 
1.1.13.4  Additional Shear Reinforcement 
1.1.13.5  Diaphragm Beam Steel 

    
  1.1.14  Precast Prestressed Concrete Elements 

1.1.14.1  Design of Precast Prestressed Elements 
1.1.14.2  Design and Detailing of Precast Prestressed Beams 
 1.1.14.2.1  Stay-In-Place Forms 
 1.1.14.2.2  Diaphragm Beam Restraint 
 1.1.14.2.3  Beam Seat or Top of Crossbeam Elevation 
 1.1.14.2.4  Continuous Deck Reinforcement 
 1.1.14.2.5  Beam Stirrups 
 1.1.14.2.6  Structure Widenings, Precast Beam Bridges 
 1.1.14.2.7  Deck Pour Sequence 
 1.1.14.2.8  Diaphragm Beams 
 1.1.14.2.9  Earthquake Restraint Details 
 1.1.14.2.10  Fixed Girder Connections 
 1.1.14.2.11  Girder Spacing 
1.1.14.3  Stage Construction for Side-By-Side Precast Prestressed Elements 

 
  1.1.15  Cast-in-Place Superstructure 
   1.1.15.1  General Design 
   1.1.15.2  Interim Reinforcement for T-Beams 
   1.1.15.3  Diaphragm Beam Steel 
   1.1.15.4  Box Girder Stem Flare 
   1.1.15.5  Shear Keys and Construction Joints 
   1.1.15.6  Access Holes 
   1.1.15.7  Bottom Slab Details 
   1.1.15.8  Cross Beams 
   1.1.15.9  Fillets 
   1.1.15.10  Structure Widenings, Cast-In-Place Superstructures 
   1.1.15.11  Stay-in-Place Forms for Deck 
 
  1.1.16  Post-Tensioned Structures 
   1.1.16.1  General Design 
   1.1.16.2  General Details 
   1.1.16.3  Post-tensioned Deck Overhangs 
   1.1.16.4  Stress Rod Reinforcement of Bearing Seats 
   1.1.16.5  Segmental Construction 
   1.1.16.6  Support Tower Details and Notes 
   1.1.16.7  Reinforcement of Deck Overhangs 
   1.1.16.8  Post-tensioned Strand Duct Placement 
 
  1.1.17  Camber Diagrams 
   1.1.17.1  Camber Diagrams, General 

1.1.17.2  Precast Slabs and Box Beams 
1.1.17.3  Precast Girders 
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1.1  Structure Design and Detailing – (continued) 
 
 
  1.1.18  Pour Schedules 
   1.1.18.1  Pour Schedules, General 
   1.1.18.2  T-Beams Supported on Falsework 
   1.1.18.3  Box Girders on Falsework 

1.1.18.4  Drop-in Precast Prestressed Elements 
   1.1.18.5  Continuous Cast-in-Place Slabs on Falsework 
   1.1.18.6  End Bents 
   1.1.18.7  Steel Girders 
   
  1.1.19  Bearings 
   1.1.19.1  Elastomeric Bearing Pads 
   1.1.19.2  Proprietary Pot, Disc, Slide, Radial, or Spherical Bearings 
   1.1.19.3  Bearing Replacement 
   1.1.19.4  Reinforced Concrete Bearing Seats 
   1.1.19.5  Unreinforced Bearing Seats (P/S Slabs and Box Beams) 
 
  1.1.20  Decks 

1.1.20.1  Design and Detailing 
 1.1.20.1.1  Precast Concrete Deck Panels 
1.1.20.2  Deck Expansion Joint Seals 
1.1.20.3  Deck Drainage 
1.1.20.4  Deck Screeding 
1.1.20.5  Deck Overlays 
 1.1.20.5.1  Introduction 
 1.1.20.5.2  Latex Modified and Silica Fume Concrete 
 1.1.20.5.3  Polymer Concrete Overlays – General 
 1.1.20.5.4  Inspection Report Review 
 1.1.20.5.5  Warrants for Overlays 
 1.1.20.5.6  Corrosion Considerations 
 1.1.20.5.7  Design and Construction Considerations 
 1.1.20.5.8  Construction Scheduling 
 1.1.20.5.9  TP & DT / Stage Construction 
 1.1.20.5.10  Quantity Estimates 
 1.1.20.5.11  Preparing Plans and Specifications 
1.1.20.6  Deck Construction Joints 

 
  1.1.21  Bridge Rail 
   1.1.21.1  Rail Selection 
   1.1.21.2  Bridge Rail Retrofit Guidelines  
   1.1.21.3  Joints in Bridge Rail 
   1.1.21.4  Temporary Barriers 
 
  1.1.22  Drilling Holes in Concrete 
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1.1  Structure Design and Detailing – (continued) 
 
  1.1.23  Drilled Concrete Anchors 

1.1.23.1  Materials 
1.1.23.2  Design 
1.1.23.3  Plan Details 

 
  1.1.24  Anchor Bolts 
   1.1.24.1  Materials 
   1.1.24.2  Anchor Bolt Sleeves 
 
  1.1.25  Corrosion Protection 
   1.1.25.1  Marine Environment 
   1.1.25.2  Marine Environment Protection 
   1.1.25.3  Deck and End Panel Reinforcement Protection 
   1.1.25.4  Waterproofing Membranes 

 
 1.2  Steel Structure Design and Detailing 

 
1.2.1  Steel Girders 

   1.2.1.1  Material and Identification 
   1.2.1.2  Shop Lengths of Welded Girders 
   1.2.1.3  Intermediate Cross Frames 
   1.2.1.4  Intermediate Web Stiffeners 
   1.2.1.5  Bearing Stiffeners 
   1.2.1.6  Cross Frames at Bents 
   1.2.1.7  Composite Action and Flange Shear Connectors 
   1.2.1.8  Beam Camber 
   1.2.1.9  Deck Pouring Sequence 
   1.2.1.10  End Bents Detailing 
   1.2.1.11  Expansion Joint Blockouts 
   1.2.1.12  Bearings 
   1.2.1.13  Structure Widenings 
 
  1.2.2  Welding 
   1.2.2.1  Welding, General 
   1.2.2.2  Fillet Welds 
   1.2.2.3  Flange Welds 
   1.2.2.4  Welded Web Splices in Steel Bridge Girders 
 
  1.2.3  Traffic Structures Mounted on Bridges 
    
  1.2.4  Galvanizing and Painting 
   1.2.4.1  Processes 
   1.2.4.2  Detailing 
   1.2.4.3  Silicon Control 
   1.2.4.4  Painting or Coating of New or Existing Metal 
   1.2.4.5  Process for Recoating of an Existing Metal Structure 
 
  1.2.5  Structural Wire Rope (Cables) and Turnbuckles 
   1.2.5.1  Structural Wire Rope (Cables) and Turnbuckles, General 
   1.2.5.2  General Notes for Structural Wire Rope, Turnbuckles and Wire Rope Connections 
   1.2.5.3  Special Provisions for Wire Rope 
   1.2.5.4  Special Provisions for Turnbuckles and Socket Connections 
   1.2.5.5  Design Properties 
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1.2  Steel Structure Design and Detailing – (continued) 
 

1.2.6   Bolts and Connections 
1.2.6.1  High Strength Bolts 

 
 

1.3  Timber Bridge Design and Detailing 
   
  1.3.1  Timber Bridge Locations 
 
  1.3.2  Timber Design and Details 
 
  1.3.3  Timber Connections 
 
  1.3.4  Timber Rails 
 
  1.3.5  Preservative Treatments 
 
  1.3.6  Field Installation 

 
1.4  Miscellaneous Structure Design and Detailing 

   
  1.4.1  Retaining Structures 
   1.4.1.1  Retaining Structures, General 
 
  1.4.2  Soundwalls 
   1.4.2.1  Soundwalls, General 
   1.4.2.2  Seismic Load 
   1.4.2.3  Factor of Safety against Overturning 
   1.4.2.4  Pay Limits for Soundwalls 
 
  1.4.3  Impact Attenuators or Crash Cushions 
   1.4.3.1  Attenuator Design 
   1.4.3.2  Chevrons 
 
  1.4.4  Safety and Accessibility Requirements 
   1.4.4.1  Uniform Accessibility Standards 
   1.4.4.2  Inspection and Maintenance Accessibility 
    1.4.4.2.1  Vertical Abutments and MSE Abutments 
    1.4.4.2.2  Bridge Superstructures 
   1.4.4.3  Concrete Box Girder Access and Form Removal 
   1.4.4.4  Standard Access and Ventilation in Concrete Box Girders 
   1.4.4.5  Protective Screening 
 
  1.4.5  Culvert Design 
   1.4.5.1  Culvert Design, General 
 
  1.4.6  Bridge Name Plates 
   1.4.6.1  Existing Name Plates 
 
  1.4.7  Utilities on Structures 
   1.4.7.1  Utilities on Structures, General 
    1.4.7.1.1  Roles and Responsibilities 
    1.4.7.1.2  General Requirements 
 
   1.4.7.2  Providing for Utility Installations 
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1.4  Miscellaneous Structure Design and Detailing – (continued) 
 
   1.4.7.3  Design and Detailing Guidelines 
    1.4.7.3.1  Potential Maintenance Problems 
   1.4.7.4  Special Utility Considerations 
   1.4.7.5  Attachments to Existing Structures 
   1.4.7.6  Utility Costs and Agreements 
 
  1.4.8  Structure Clearances 
   1.4.8.1  Roadway Clearances 
   1.4.8.2  Railroad Clearances 
 
  1.4.9   Bridge Temporary Works 
   1.4.9.1  Introduction 
   1.4.9.2  Temporary Detour Bridges 

1.4.9.3  Agency Provided Temporary Detour Bridge 
1.4.9.4  Falsework 
1.4.9.5  Shoring 
1.4.9.6  Cofferdams and Seals 
1.4.9.7  Bridge Raising 

 
  1.4.10  Placing Buildings Under O.D.O.T. Bridges 
 
  1.4.11  Bat Habitat 
 
 1.5  Metric Conversion 

 
1.5.1  Introduction 
 
1.5.2  Basic Units 

1.5.2.1  Decimal Prefixes 
 

1.5.3  Derived Units 
1.5.3.1  Force 
1.5.3.2  Stress 
1.5.3.3  Energy 
 

1.5.4  Metric Conversion Factors 
 
1.5.5  Metric Procedural Rules 

1.5.5.1  Writing Metric Symbols and Names 
1.5.5.2  Writing Numbers 
1.5.5.3  Conversions and Rounding 

 
  1.5.6  Bridge Plan Preparation Guidelines 
   1.5.6.1  Plan Dimensions 
   1.5.6.2  Reinforcing Steel 
   1.5.6.3  Fasteners 

1.5.6.4  Structural Steel 
 

  1.5.7  Miscellaneous Common Conversions 
   
 1.6  ODOT Design Instructions for AASHTO LRFD Bridge Design Specifications 
 
Appendix - A:  Typical Details 
 
Appendix - B:  Glossary, Abbreviations 
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SECTION 2: DRAFTING PRACTICES 
 
 2.1  Computer Aided Drafting (CAD) 
  2.1.1  Standard File Format 
 
  2.1.2  Directory Setup 
 
  2.1.3  CAD Files 

2.1.3.1  Drawings Start to Finish 
2.1.3.2  What Bridge Headquarters Needs at Completion of a Design Project 
2.1.3.3  Shared Details 
 2.1.3.3.1  Example Drawings 
 2.1.3.3.2  Standard Details 
2.1.3.4  File Naming Conventions 
2.1.3.5  Microstation Models 
 

2.1.4  Cell Libraries 
 

2.1.5  Menus 
 

2.1.6  Seed Files 
 

2.1.7  Color Table 
 

2.1.8  Scales 
 
 2.2 Detailing 
  2.2.1  Text 
 
  2.2.2  Linework and Levels 
 

2.2.3  Dimensioning 
 
2.2.4  Concrete 

 
2.2.5  Structural Steel 

 
2.2.6  Reinforcing Steel 

 
2.2.7  Bar Length Labeling 

 
2.3 Drawing Borders 

  2.3.1  Drawing Identification Tag 
 
 2.4 Title Block Information 
  2.4.1  Request for Drawing Numbers 
   

2.4.2  Title Block  
 

2.5  Lead Drafters Duties on Large Projects 
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2.6 Type, Size, and Location Plan & Elevation 
2.6.1  Plan 

 
2.6.2  Location Map 

 
2.6.3  Clearance Diagrams 

 
 
2.7 Final Plans 

2.7.1  Layout for Large Projects  
 

2.7.2  Final Plans, General 
 

2.7.3  Plan and Elevation 
2.7.3.1  Plan 
2.7.3.2  Elevation 
2.7.3.3  Hydraulic Data 
2.7.3.4  General Notes 
2.7.3.5  Gradeline and Superelevation Diagrams 
2.7.3.6  Military Loading 
2.7.3.7  Utilities and Right-of-Way 
2.7.3.8  Railroad Clearance Diagram 
2.7.3.9  Construction Clearance Diagram 

 
2.7.4  Foundation Data Sheet 
 2.7.4.1  Foundation Data Sheet Development Procedures 
  2.7.4.1.1  Plan View 
  2.7.4.1.2  Elevation View 
 2.7.4.2  Drawing Border, Title Block and Stamping Procedures 
 2.7.4.3  Standard Legends, Symbols and Notes 
 2.7.4.4  Foundation Data Sheet Example Sections 
 
2.7.5  Footing Plan 

 
  2.7.6  Deck Plan 
 
  2.7.7  Superstructure Details 
   2.7.7.1  General 
   2.7.7.2  Superstructure Sections 
   2.7.7.3  Diaphragm and Cross-Beam Details 

2.7.7.4  Longitudinal Girder Elevation Views 
 

2.7.8  Bent Details 
2.7.8.1  General 
2.7.8.2  Plan View 
2.7.8.3  Elevation 
2.7.8.4  Footing Plan 
2.7.8.5  Details 

 
2.7.9  Miscellaneous Details 

 
2.7.10  Plans “For Information Only” 

 
2.7.11  Revisions to Drawings 

2.7.11.1  As-Constructed Drawings 
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2.8  Plotting 
 2.8.1  Printers 
 2.8.2  Bridge Plotting Using Print Organizer 
 2.8.3  Bridge Data System (BDS) 

2.8.3.1  What is Bridge Data System (BDS) 
2.8.3.2  Images Required at Signed Mylar and As-Constructed Milestones 

 
2.9  Transfer of Electronic Files to Outside of ODOT 

 
2.10  Archiving CAD Files 

 
 Section 2 Appendix 
 
 INDEX  
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